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1.1 RERH

IKFFER A R R, KPR BT M B Ak
WE, Rt R AN T . R A A O
JEN BRI 3d, FTHEEETHERE (LE
TIKBCHI Hoagland & 7710 HEATHE TR, @ Wik B F7
o A H T P AT T e P 24 e () A A i 1 5 A
YHESE R . THEBZ (T ABMRE) h—%
m, FERAR, STk, BEb, PERfRe. B
otk 2R R i at, R Ak 2 851K
1.2 REAHE
12,1 RAAYIT T4 B 257 e 4 Kot i1

W RKAMHIE PR E T 5H 2 L EFREMER
WP AT R TR, WE TR R EIKE N 10, 50,
100 mg/L, AN T % FE 245 AR B A 25 (0 . SR A b R
PR 1 bk, Sem SRRV 3 k. B4 b EE 3
ANER . RIS K EIEE TR R PR = h 7
AFREDFE Z MREK B AT, JEY R —E %
S, AHSAR R FT R A K B S A ORI AR R
#;, DRI g5 R B b R <R 20~
25°C, WEEMPAEK . BRR AN IS I8 LA R R
T o R ROULIAE A A AR KR S sk, T2 21
RECHEAEY), IR T /K 53 Ja R EERR AL
1.2.2 sRAAM T4 2255 L0915 28R

BB T H B2 R O 100 50 mg/L, JCAE AL
VER X, KRGS iR —8L F5 20 RSRIUKFEN
GE TR AR AR IR, TR 3 FlUKAMYINT T B
WA RIME TR
1.2.3 RAMYST TR 5205 EHHF

VOB T H B2 R O 10 mo/L, TCRIYIAEERAE
X, SRR AR EE i\ 0.01 mol/L NaNs DL
PHIE KD, KIS Bid—8 eSS 0. 3.
6. 10. 14, 21 1 28 R KHUKKE, 2007 T H B 25 kA
IR, W50 3 Rk ARV T 4% 2575 Y i1s 5 5)
J15HFE
1.3 MEIIRSHZE
1.3.1  TH4:2 2407 3t KA HAh oY & E 52 k9L

MARIE 2 2 KA, 2 SCHR[27) /0 77285 % e N T
Fig A2y ek K AR I SR, R W AR DY
RUIER B s R U0 8 K2k
HREAG S RELR PO A B BT P I AN TR R P8 R 4
W H R R, BE LT
1.3.2 THZHNEF*

22 SCHR[ 28] 52 7K T R 2 . s 10 mL
KEEIMA 250 mL 4y sk, HEB TR RR
100 mL, FIIA 5mL LEEZEmM (pH {Eh 5.2). 5mL
BRIREIA W . FEAJ5CE 10 min, A 5mL IECHE, 3k
Y 2min, §E SRR LKZ. AHAEH 50 mL L5+
IKPPER IR, 72K, TN 5 mL 0.3 % HRF], #=
¥ 2min, JCE 10 min 535 2K2E . BA PR FE AL

wREh, RS- WO AT B, A Tem bhfa,
PUIE G 2 LU, I 433 nm KA G AE .

Fo IR IEABRUEREEAT TR BE, I 58 R E A 0.
5. 10. 20. 60. 80. 100 mg/L (¥ ] % B2GhrvEsm, I
HATERPEMIA T, K REIY KT 0.999. VEAINRIH
GG, WE T H 2RIy 94.5%~103.8%, AHX R
HEfw 2% 6.2%.
1.4 HUBEHHR

TR Bt A SPSS17.0 #4723 #r

2 HZRES

2.1 ARREISFRETRELIKEEBYHEEER

T BAAFG GRS 3 FhK AR 3R
WA Lo FEARIGHR VT A, A 3 MoK A4 3 R
HH AN [ RS E PR B SRR o B T e R 24 DA R P ) 1
BETOMER NI, ™ HRE B A K 5% > K > %
PR TR R 2 BRI 10 mo/L I, AXUOKIEEER
U R B A TREAR, K P R i BRI ACBE s 2
TR B2 R A 50 mg/L I, KR E R K R R I
i B R F AR, A MR IR R T R R 2 iU
WIZH 100 mg/L I, KPR B R F, HE R
5 KAt T4 57~ tH 8 F IR o 7K H 2 e i PR i b 4 1) 3R
DL R R AR R AR . PG, AN R MR 1)
BEFADIRKS 3 K AR T 4 S 275 G (T 32 g
RN g e W PR > TR P > 7K o AR T 35 7K T 0T
TR R KR R F R, AT T R R 2T
IKAKHIFR KA /K ER P CReI TR Rk T 2 G
(RN 52 RE D800, WIAE R T B B 2415 K AR B SR o

*1 THEHTRSRERETKEENHFSEER
Tablel Toxic symptom of hydrophytes grew in ammonium butyl

aerofloat-polluted water

TP R (mg - LY KIRIE IR e
0 ERAEK  ERAEK IR RS
50 hRERH hERE EWEK
100 EEHE OPESHE O REHE

2.2 FEBHFEKETEREHNKEEMEKENZM

3 MUK AE K E IR T 4% B2 IR )
B (LR 200 AKIFER KB T 8 82 s
WRERT 10 mo/L B 2 2K T AR BECRIN T #2542,
7E 100 mg/L B A= ACh 2% (AL 35%; 7K~ 1 2R
KmAE T4 B2 sk A 10 mg/L W52 [ ACEETE
FrES, AR REWREE KT 50 mo/L I LTS B Ak
B, 7F 100 mg/L AR KD 2% AL B 67%; Feif B
P AR AN AR T 8 2R 24 ik FE 100 mg/L ) 2 KT
HEAE, XFELEER LRI 2 ALEH, ANFEVGHIRE T
B HAZG0 3 MoK AR KA I B SRR AR K s R A
SRR, WAEKEEMEERE, 3 FuKAMH
IR T i R 255 YR 52 Be 0 R e T R > K A > K
.
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Table2 Effect of ammonium butyl aerofloat on the growth of

hydrophytes
Wi T%‘;‘z"é’ﬁ)ﬁ%i&fg/ BAVEE REEwR EKE
(mg-L7) g g g

0 432+0.145 2165+0.411a 17.33t0.521a
. 10 4.34+0.045 20.77+0.142b 16.43+0.186b
At 50 430+0.146 17.11+0.089c 12.81+0.072c
100 423+0.121 10.35+0.083d 6.12+0.202d
0 25.12+0.174 61.62+0.414a 36.50+0.266a
_— 10 25.23+0.783 60.77+0.756a 35.53+0.690a
A 50 25.48+0.783 57.78+1.454b 32.30+0.965b
100 22.99+0.703 47.69+1.405¢ 24.70+0.872c
0 11.32+0.261 12.97+0.187ab 1.65+0.090a
P, 10 11.71+0.127 13.34+0.085a 1.63+0.045a
50 11.36+0.308 12.91+0.326ab 1.55+0.037ab
100 11.39+0.173 12.83+0.198b 1.43+0.073b

W BT IE AU ZE, IR RV EEE S A R R R 22 5
AEF (P<0.05) (LSR).

2.3 ARIKEEYMTHRBHTLEMEEHR

KK: 21 d J5 S K AR AN RS Gk B T e R 251
BRI 1o T8 B2 ¥ Yook FE X H P A5 11 15
SN, LEVG Y TR 10 mo/L INF 4% 42 A TR 6k PR 2H.
CICRED AL 5T i B 2 1) s b % 34 12 3% = 1 50 mg/L
(P<<0.05). M 1L T V5 YL ()94 P vy JL 2 B 2R
IG. TEV5 Y BBk B A 10 mo/L I, A Ab B0 T 4 B
DI BRI B TR AL, S AT [A) (1) 25 Bk
RWMAFEREZRT, KRN KT > K75 > g1
R KEFNT T e A L BR RIS TLT%, KIFIEFAL
- B R 2 R 2 ) 37. 7% 31.4%, 1A IEZH (CEHE
PIALEE) T ER G T 24.4%, EEEIELT HARBEE
TR 0 I S A R B o BTSSR IR 50 mg/L
B, S A A B )22 B 23K/ Ry K 2 > KV > B
I PEE > ) R, 7K P RK T S 1) 22 B R 1) B0 2 v T
FREALBE, KT I 2Bt 2 v T K IR, (HKIR %
A B () LR R A B R, iR B
WALz (o) LB T R . B TV5 Rk g
W, T LK R K S Ay S B v R g R, A
W KA 25 KV S I 22 PR A, 2 R 42,6971
20.8%.

80 TR RIEEE / (mg-L") a
60 | Ow @so
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# 40 ¢ d

ﬁ < f fe
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0 . \ . .
CK IKIFE JKEE FeiH B
il

e B R AL B A TR FoR 2= A B (P<<0.05) (LSR)

B 1 REKAMYT T4 22575 0915 F R
Fig.l Removal rate of ammonium butyl aerofloat by various
hydrophytes
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A ot T A AR R 1T 25 B K AT LTS et R R
I R NS T i PR 2 R T 52 e D i, (RIL AR )RR
N, RGNS, RN T 25 G I BRI, &
HAe MR KT 54 i R A G WLy et —
FRITIES 32 16 7712533, (E6F T T 40 8 245 eIl g N AR K 2
Flggm, RERACRAE A WA . K E P E TR
MG Rk B R AT A R W T 2 R D, T AR R
Rk ARKIIGE, BRI, TR Y LR R
WA mr, P IR o T RE 2575 G M = s STk
2.4 KEFEWTHRBASTEMEE S HEFE

T /KA PAE 3 Rk o X T e B 2 g A HE A5 R A
i, DRI REIT ST T A 22k T B R 2 gl et
28 d AL F AT TR RE D 10 ma/L TR TR 2 ) 2B
KA M 2 Fion. KEIRT AL EBRFIE 78%,
T A A R TG A 00 6 Kb B A ) 25 B 4 S Dl 29.8% Rl
21.2%.
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Fig.2 Removal kinetics of ammonium butyl aerofloat by various
hydrophytes

HHE— 9 5h 112 N7 FE C=Coe™, Mo 3 b B ALK
W T A R RS A AT IS . i RET Co i Car il
KRR T e PR 2 RS U TR A PRt ] B 1 o o
WS (mg/L), Kkl BEARECRE R (dD. g5 R EoR, K
R A T A A R H B K O 0.0498 d (RP=0.948), LAY
AbBE k A 0.0118 d* (RP=0.956), CAHMIHMIEALTE k K
0.0079 d* (RP=0.99). 7EFHALIRZA T, T 4k B 24 i) i ekt
THURH B B PR AR R ) B AR R B R, KR
A B 55 TR Kb B ) A3 % B2 22 0.0380 d™ B Ay 7K
AP A FH B AR A 3 B E e HE AT KR A 4
1T B L2 B AR P B = T 322.03%, RIISZ 7K #7152
Wi, TR PR 2R KT I L BRI R e T 3.2 . Ml
AL B TR DA R Kb T 1 B AR H K 25 0.0039 0T,
Akt E B AR BT 3 B, AR T SR 2 I e PR R
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1) ANFIREIO T He B 2535 G IR 52 g 1 KN A e
BEESIKE T > IKFE . N T BB R EIRE N
10 mg/L 7K VF 3 o R R SR, AE Ko T
EAREE CRINT B2 RN 50 mg/L B/KF
HEFAZK ) Bon TP R R, A KRN BEEL TS
FARFE

2) SHAYMBERT T R A R LR R B E A T
WAL CERALTE) . FRIPIACER 2 7] () 22 B R A A A
WEER, KKK KE S > K7 > e g, K
P REAT A BRI P ) T R R 2, K 28 d nl R
HIRIE N 10 mg/L 1T %7 R 25 2 BRHRIA 78%.
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Growth response and phytoremediation of several species of hydrophytes
to ammonium butyl aerofloat in metal mines

Huang Xiandong®?, Mo Cehui'?*, Li Yanwen?, Zou Xing"?, Gao Peng'?,
Wu Xiaolian?, Chen Lina'?, Xie Rugin'?, Ye Sigi'
(1. Department of Environment Engineering, Jinan University, Guangzhou 510632, Ching;

2. Key Laboratory of Water/Soil Toxic Pollutants Control and Bioremediation,
Department of Education of Guangdong Province, Guangzhou 510632, China)

Abstract: For applying phytoremediation to control the soil and water polluted by floatation organic reagents, three
species of hydrophytes were cultivated in nutrient solution spiked with different concentrations of ammonium butyl
aerofloat to investigate their growth response and phytoremediation to ammonium butyl aerofloat. The results showed
that the resistance capability of hydrophytes to ammonium butyl aerofloat pollution was Hydrilla verticillata
>Eichhornia crassipes Solms>Pistia stratiotes L. When the mass concentration of ammonium butyl aerofloat was
10 mg/L, mild intoxication was observed for Pistia stratiotes L, and its growth was significantly lower than the blank
control (no ammonium butyl aerofloat added). When the mass concentration was up to 50 mg/L, moderate intoxication
was observed for both Pistia stratiotes L and Eichhornia crassipes Solms, and their growth was both significantly lower
than the blank control. The removal rates of ammonium butyl aerofloat in hydrophytes treatments were all significantly
higher than the control (no hydrophytes planted), and the removal rates among hydrophytes treatments also varied
significantly in the following order: Eichhornia crassipes Solms>Pistia stratiotes L>Hydrilla verticillata. Eichhornia
crassipes Solms can effectively remove the ammonium butyl aerofloat. A removal rate of up to 78% to 10 mg/L
ammonium butyl aerofloat was obtained after 28 days. As plant uptake took up 76.3%, microorganism did about 7.8%,
and the contribution rate of natural degradation was up to 15.8% to the total degradation of ammonium butyl aerofloat,
Eichhornia crassipes Solms could be screened as a plant with high phytoremediation efficiency to ammonium buty!
aerofloat pollution.

Key words: tailings, wastewater, pollution, remediation, removal rate, hydrophytes



