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| NAREEEEROKER BRI EBREE S . SRR KSE 4 MEEFRKEFEN EE £ K, 244 0F

YRR E R 0.096 ~0.262 ke/(m’ - d) , LI BZEBEAIEN, G52 21 d Mgk, KB ST 4 R Bk ik s,
BEORIH RIS EsUR), 4 FrEBERAKEN INCER) NH, -N(EER) TP (S8 ERE S A R IR K
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N TP #2807 TETAR £ 17 25 4% 328 3R U] 189 B 7K R0 2R R B vk FEE RSB M T 185, S 389 40 91y 84,69 ~ 533.70 mg/(m” - d) |
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Comparison of the Removal Ability of Nitrogen and Phosphorous by Wa-
ter Hyacinth ( Eichhornia crassipes) in Differently Eutrophic Water

ZHANG Zhi-yong, LIU Hai-qin, YAN Shao-hua, ZHENG Jian-chu, CHANG Zhi-zhou, CHEN Liu-gen
(Institute of Agricultural Resources and Environmental Sciences ,Jiangsu Academy of Agricultural Sciences ,Nanjing 210014 , China)

Abstract: From November in 2007 to October in 2008, the purification effect and removal ability of nitrogen and
phosphorous from differently eutrophic water by water hyacinth were comparatively studied by simulation experiments. The
results showed that water hyacinth were able to grow normally in four eutrophic water,in which biomass growth rate during
experimental period was between 0. 096 kg/(m’+d) and 0. 262 kg/(m® - d). The water hyacinth displayed great ability to
remove nitrogen and phosphorous from eutrophic water. After purification for 21 d, the average concentrations of TN,
NH," -N and TP in eutrophic water decreased from 2.06 - 20. 08 mg/L,0.27 - 10.98 mg/L and 0. 14 - 1.43 mg/L to
0.27 -8.87 mg/L,0.06 -0. 71 mg/L and 0. 03 - 0. 47 mg/L, respectively. The average removal rate of TN by water hya-
cinth droped with the increase of initial concentration of TN, while the average removal rate of TP increased with the in-
crease of initial concentration of TP. The removal rates of TN,NH, -N and TP by water hyacinth from four eutrophic water
were 55. 82% —86.55% ,78.15% —93.54% ,and 76. 01% —92. 53% ,respectively. And the average load removal rates of
TN,NH,’ -N and TP by water hyacinth from four eutrophic water were 84. 69 — 533.70 mg/(m’ - d),12.94 - 478.70

mg/(m® + d) and 5.01 -63.06 mg/(m” - d) ,respectively, which increased with the increase of initial concentrations of

nitrogen and phosphorous.
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2009 £ B 25 HE ESH

R BB K R B IR R R B — R
FE, 7/KFA (Eichhornia crassipes ) BB R P &
A WREGRESBE TR B KKAE
Y. KREPFREI, KX Z 5K 8RR
BB TAEM — R oK AR, AT A RO R R KR
A BEEEF R, BIREMTFER(BOD) , WY
BREEMELSRE AHLEY, M ELRRMEEELE
KPS, kA BEHATEE AR m
B FREE K Tk Bk M Rk B R
E YA ap s

BRA XK # B R Z15KIKRE ) R
A KRHHGE, BUAEMBIR Z R X ER T
PeoK AT Y, B Z K 3 75 X R (R 2 B ¥ B ok
(ARG g8 ) B BELBREE S I LB R . TR
FRRY KB XKER SRR S
R BRI B A AT A R K AR R M, BiE AL B K
FE B £ BT B0 , ORI 25 KR B ) e s e
AR A E NI 7, T A EL 8 T 7K #
PO AR B E KA B B L RUR T 2
BRBEST, B N HESE KB TE 2 T KRB B R BE
RS HEHRK
1 RS
1.1 s

I FILAA R B R E AT, il
IGHAK 2007 4E 11 A F 2008 £ 10 H,/K#FHEAE X B
MHERIEIERE 2 SH#EBSE, MHMGRE R 3.0
kg/m’, HEHEE R 16 M FE RS HH 1.0 m,
LOm. 1.2 mAIREE /KM, KMEIREFE 10 cm

F1 TREEFLKEOVIEKRER

Table 1 Initial water quality in four differently eutrophic water

JE W REE SRV, K A AR 1.0 m¥,
1.2 RKEHE

R 4 AR EERMUKELE: EER
kiR T & B R B R FoK R b V3
7K, LA B 3R/K A NH,NO, 1 KH, PO, B il i i ; &
BIRAKEDT B ILHRERLEZE 1 S,
KECEEERL; B EFRMAKEL, & R E
BT AR TS KAL) — % A BRufE K, DAEMESE K
fmA NH,NO, #l KH, PO, Bt i 7 i ; & & F= bk ik
IV, 2 Bk TS KA B )% B bR
K ERFERE B 4 78 BFRAKEN Y 5E
KEFARILE 1. BMEERMKELER 3 KE
R BUEHAE—-NTEIHE AR, g5
FALKAK 21 d EH— K, KRB RS K 15 K
Bk FBNE 3 d B AR, e TN(RERD),
NH, -N(E&E) ,NO, -N(FHAE) 1 TP(88%) &
s ERNEAREEKE DO(BHBENEE; &
MK IS RUE (21 d) FREKEH S Mg K &
MG R 3.0 kg/m’ 8682 F RIS LR, K
FHPTOR A R BT S B AL 2 0.5 m x 0.5 m HEJr
MR RE R kR R K S AR, 1R
WE &Kk DO & B A B YR E R A BR RS
R R 15 AN¥oK R I 78 45 R i P H41E .

JKREMEDH 9 TN & &, R F I 5 B 4
FAC-2 5N OB R TP & &, 2R A 3 B R 49 0
fR-SHERPI L B NHS -N S B, RAEH KA
P3N0, -N &8 RALIMHOLER; DO &, R
Fi JPB-607 R 45 20 AW E o

HEFRMKE TN TP NH, -N NOy -N BRE
(mg/L)
I 2.06 +0.24 0.14 £0.06 0.27 £0.17 1.59 +0. 33 4.67+1.07
I 6.22 +1.46 0.34 £0.06 410£1.91 1.66 £0.91 3.50 £1.09
m 15.06 +2. 34 1.07 £0.21 8.49£2.31 6.09 +1.16 3.4321.21
I\ 20.08 £2.31 1.43 £0.22 10.98 +2.27 8.50£1.10 3.37+1.58
0 s m IEFAERKER2) KB HIRE AR KER

2.1 FAEBREEEFLKERKFEAHERSE
I E], KB TE 4 BB B SRk ik P T

SRR RE KRR B TR R B, T
RAKENZBHE &S, FFERETRENA B
YRR T OKB R AR AR A, DA T Ao 3 AR 2 T
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BURSKIE LB FRYR ™ 14 MEEFRMLK IS
KPR THIR GRS 0% 4.

WAk, KB RERNEY B KRERSEER
B THME R EE(E D) . MESIRSKER
T , AR E P B9 A Y R R FRA AR L 3 PRI
BB TT 46 % 2008 47 4 A 26 HI&Z FFY, R
K IBEAR (e 5 2 1 77 T KA , 4 Fok gk
HEAKER, A Y BN RKRERTFYLFAE
0.096 ~0. 108 kg/(m’ - d) ;3 A 5 A, BEHKIE
BET A5 K B A K R B A0, 4 Rk Ik e
K Y B R E Rk F 0.214 ~
0.262 kg/(m’ - d),
£2 TEEEFRUAERKFHARERIFE
Table 2 Growth characteristics of water hyacinth in differently eu-

trophic water

K TWE KB RK AmEMKE
FR(B)  (em)  (em)  ky/(wl-d)
| 5.08 32.6 42.6 0. 130
I 4. 84 36.3 31.0 0. 140
| 4.70 37.4 24.0 0. 146
v 4.89 37.4 21.6 0. 149

I.I.MNVREL

2.2 KEAWNAEEEFRUKEBREE(DO)
£

Hr B 2 AT G A 1] 4 FhE B SR ALK R
DOWEHLUHMEVRKAKEER, VK 467
mg/L, 2T 3 Fokikny DO W EREIE, F¥H
3.37 ~3.50 mg/L; K F AT BREAR T B 28K
1K DO MR EE , A /K S 4 Rk ik DO IR EE B4
B EHREART 1.36 ~1.71 mg/L, 5 (A3 HR
FEET 0.42 ~0.76 mg/L, AFEHAIA &9, B E
IKEGREE F3E 0,4 oKk DO 3k B 3% 2258 0 Y
HOAEBH KK DO WEAEE S A AEDE
}m%[ﬁ-m]o
2.3 FRBEFHAEPE BRRENHEET
2.3.1 TN.NH,/-N.NO; N&EHLEEL 4HE
BIRALKAR R TN NH, -N % F 3 S8 H 4 —
H(E 3), BpFEE S LA R A EE K, TN \NH, -N 3R 3
ERBGY, B Lail TN (NH, -N ¥ E 10T g
ERTHALE 8 5 E e, fi#& K& TN NH, -N
FILRMREE M T, L 7K TN NH, -N ¥R B2 tis 48 1 3

BE (C)

1 A

0 11-28 01-11 03-13 04-26 06-09 0723 09-05 10—190
R HEIA-H)
—s— EEFAKE [, —— BB FRKEI;
—— BEFMNKET; —— FEFAEN;
e KR --e- KR

Bl ARPEXBEENEERRERENXER
Fig.1 Relationship between biomass growth rate of water hya-

cinth and temperature during experiment
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Fig.2 The effects of water hyacinth on dissolved oxygen for dif-

ferently eutrophic water

B, 233 21 d Bk, PR K EE 5 1 4 ROk IR
& TN.NH; -N Wk ESHBEET 0.27 mg/L,
0.06 mg/L ( 1), 1.56 mg/L. 0.16 mg/L ( 1),
5.88 mg/L.0.51 mg/L ( I ) 1 8.87 mg/L, 0.71
mg/L(IV), 4 5l 8 % @ XF BB AK0. 42 mg/L. 0. 04
mg/L ( 1), 1.06 mg/L. 0.83 mg/L ( T ),
1.85 mg/L. 1.14 mg/L ( ) i 2.85 mg/L, 2.44
mg/L(IV) , 5B/ # 25 A e B B AR #F T K4k TN
NH, -N ) £BR o

4 Fok ki NO; -N sk BRI E R, 3R
V27K NO, -N ¥ B Bt b (8] A 28 K B IR,
At 3 PR ARNERI T S G R R SR XFh
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2009 € 25 % B 5B

Z R Hr= AR REBR Tk ik B BNk SR AL /E R
FIAERTIRES . PIoA7KIRH ) NH, -N F1 NO; -N BRagk
B R YRACRI F SN, NH, -N BT R8RS
{68 NO; -N, 1 NO; -N & K sALVE T iRk N, 0
B N, TRLARER, 7 REWEILERBE KT AL
YEF,NO; -N ¥ 2, R ZMFEK,

2.3.2 TP RASHSEA 4 Fkik TP EKEHWD
AL ES TN NH, -N 2L (1# 3) , BEE &Lt

0 30 60 9.0 120 150 18.0 21.0 240
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B

il L
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L RE ()
o B n R

W N
T
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3 FRAEEFRLKGR. BRENTEL

(6] A AE K, 2% J87KAA TP ¥R B2 35 B S8 A1 5 Ak B8 79 A
FFAEfRBE T TP BYRER, FA KB KA K TP
WEN BT EX R, H 4 MokAE HK TP 3§
BB ER  WAEREBKF, 4T 0.03 mg/L
£0.11 mg/L ZJa, XUHEARRXK TP KE N
0.14 ~1.43 mg/L KFH A HHEBRE B FRAK
& TP,

LR ()

TP (mg/L)

Fig.3 Dynamic changes of nitrogen and phosphorous concentrations in differently eutrophic water

2.4 KFAWNAEBEFULKGR BEHFLHE
2.4.1 3+ TN.NH;-N.NO; -N ¢4 %1% % iF 1
AR R R, KFH X 4 MEEEESR
LK f TN (NH, -N ¥R ) R4 AL ROR (R
3),76 TN NH; -N ¥ & 43 5135 2. 06 ~ 20. 08 mg/L
#10.27 ~10.98 mg/L BFY&AETF ,4 Fkik TN
BEBRDH N 86.55% (1).74.88% (1),
61.29% ( T ) 1 55.82% (V) ,NH, -N {9 F £
B4R N 78.15% (1).96.04% (11 ).93.97%
(M) #193.54% (V) , KX TN B ELFRRFEE

TN RGBS TR, P& Z A B AR B E /Y
A XA (B 4,r=-0.745 0,P <0.01); i
NH, -N iy &R F 5Kk NH," -N 4046 ¥ T 8 % 59
MXME(P >0.05) , KEHEF X KA NH, -N 1R
IR V 2K BAK, 1R AT f8 2 H H NH, -N B 46
WK, IR Al A8 #e S NH -N @S 5 BEH
BeicE) K, AT REJe K W AH NH, -N /9
T TR . MR K EA R 4 Rk i TN,
NH,-N X B & 43 & = QX | 12.23% ~
21.22% 1 13.41% ~20. 15% , % B K # 2= B 7R 1
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BB H T KR TN NH, -N B9 EERR,

IKEFFR NO; -N B LBURBR IR V IR B R
S, XAt 3 AR A AU RICR B 22, AU 8. 44% ~
21.95% . FCJRFIRTRETE TR AR 4G NH, -NyR BE ) 7+

®3 KFEEMTREEEFULAKE TNNH -NNO; -N #) 5L R

F—ETRE_DAREE TRLIE B #ET T, NTTIRER T IR
TEALTE R XS NO; -N By R B, /KX NO;y -N
MBS NO; -N FIHRIR B AR AT R,
Z B JC & AR (P >0.05) .

Table 3 Purification effect of water hyacinth on TN,NH, -N and NO; -N in differently eutrophic water

TN NH, -N NO; -N
BE -
?J‘f‘;zg AR ik vk e £ kR EBE s I P
’ (mg/L) (%) (mg/L) (%) (mg/L) (%)
I KA 0.28 +0.31 86.55 £12. 10 0.06 +0. 13 78.15 £24.91 0.19 +0. 18 88.91 +12.40
popi] 0.71 £0. 41 65.33 £16.70 0.10 £0.25 61. 82 +36. 35 0.43 £0.31 74. 54 +16. 60
I K 1.57 +1.56 74.88 £17. 40 0.16 +0. 41 96. 04 +6. 00 1.23 +1.29 21.95 £32.23
pagid 2.62+1.78 58.14 £19.50 0.99 1. 66 75. 87 +24.35 1.20 £0. 65 23.54 +£29.57
I KA 5.88 +£3.06 61.29 £13.50 0.51+£1.62 93.97 +11.76 5.29 +1.68 10.57 £32.38 -
PO 7.73 £2.93 49. 06 +14. 20 1.65 £2.54 80.57 +18. 37 4.23 £1.68 28.46 £27.13
\Y KB 8.87 +3. 80 55.82 +13. 60 0.71+1.94 93.54 +11.74 7.61 £1.50 8.44 +£15.20
popi 11.72 £3.41 41.62 £11.00 3.15+3.03 71.33 +£20. 88 7.43 £1.65 10. 64 +22. 35

..M.V R&&1,

2.4.2 TP #944La R B4 WA, AKX
4 FKIER) TP RIH T RIFHERLSUR, TP %
BN 76.01% ~92.53% , FEE /KA TP WAk EE
AN, KX TP W R R WAHN T, B Z
ERAEREEWEMRLKR(E4,r=0.5500,P <
0.01), HL3R VIK TP B EBRFMNBMFEH

F4 KHEENREEEFLAKE TP RLHR

FwIE TP IR EHR, IRIEH i PO R & E Rk
Hp ALERE TP (9P #R BERTEL ™ o 52Kk s Azt
MY BEFREWN TP XRE, HIFH A G550
[T R A ol A W A A X Bl ) IR AL [ R LA B e B A
FUTRA Ko

Table 4 Purification effect of water hyacinth on TP in differently eutrophic water

. HKWRE (mg/L) EKBER (%)
BB R
K it B KR xif B
I 0.03 0. 03 0.04 0. 03 76. 01 «20. 01 70.23 +21.91
| 0.04 +0. 03 0.11 +0.09 87.39 £13.05 67.39 +18. 14
m 0.08 +0.08 0.32 £0. 11 92.43 +6. 65 69. 56 = 10. 97
v 0.11+0.13 0.47 £0.13 92.53 +8. 67 67.23 £6. 86

I.0.H.VR&E1,

2.5 KHEAMAREEFNKGEE BHATHER
ER

IKEFERS 4 FhE B Fr ALK AR R i B B T AR
A 25 R AR DX 5 T X R B LR (B 5) o
REE KA TN W BEEGHE N, KB % TN B bR
REAR (32 3) , (BHXT TN 575 25 R R U BA B 42

= BRHR V 2K S, RAE KB 3 A 3 Bk A
NH, -N 1 TP #y 4L 8CR (8 T B B 1 2= 5%, (BBt
NH, -N Hl TP ) f2 fif 25 bR @ R W 5, W Bl K i
NH, -N #I TP ¥ E R M iR w5
[, ZKEPTXT 4 F e E FRAL KR TN NH,-N 1 TP /Y
FHIFBFEBRHEE TN 43514 84. 69 mg/ (m” - d) (I)
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¥=-1.819 1x+90.514 0
0L r=-0.7450 (P<0.01)
& so0f, 2 °
70.0 | o
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W S00+
Z 40.0 il o
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Fig.4 Correlation between removal rate and initial concentrations of TN and TP in differently eutrophic water
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Fig.5 Load removal rates of nitrogen and phosphorous by water hyacinth in differently eutrophic water

223.30 mg/(m® -d) (1), 442.90 mg/(m’ - d)
(I[).533.70 mg/(m’ - d) (IV); NH, -N 4 5 &
12.94 mg/(m*-d) ( 1 ). 175.40 mg/(m® -d)
(O0). 369.20 mg/(m*-d) (I ). 478.70
mg/(m’ + d) (IV); TP 4> 5l K 5.01 mg/(m’ - d)
(1).14.16 mg/(m’* - d) (1) .46.93 mg/(m’ - d)
(IM).63.06 mg/(m’ - d) (IV), /KX 4 &
BIL KR NO; -N 1 3 17 i 2 B 5 3 40 51 Ry
68.59 mg/(m® <+ d)(1).21.78 mg/(m®* - d) (1 ).

38.92 mg/(m® -+ d) () .43.25 mg/(m’ - d) (IV),
PAMR V 2K i, Hoftl 3 Rk ik NO, -N fy £ fif
FRIFEHE NO, -N YR BER BB A 1275 .
3 3 it

KEF AL E B RAKRNECR B BB TAE
YE MEKEEREAYENEERNR, Fi{K

IKEAFTE 4 R E B R K b N LYY
KEGEERI L ECEE, I HAKHAE
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HEYEBKRSEERMKEMGE R BIRENR
FREMNMEIXXRR, HXER r 2514 0.7190
(P<0.01)F10.699 1(P <0.05) , BRSP4
KERKEBE LZEEMKER R BERERNE
T Hesh KH R R KRS R
N KRR 4 MEBR KBS EZAEYEHEKR
B 0.214 ~0.262 kg/(m® - d) , 57ERKBIHUK X
BN E T PR B R TR g K R
[0.50 kg/(m® - d) F10.50 ~0.70 kg/(m’ - d) ] Mkt
AEAEEY X B i SARBREEE NSRS
M T AT RUK S F TG SR BARRERA X

7k DO 7K 7 B T H A F S HS /P-4
He DO M A s FEAREKEMY N EER
MRBHRE A, X LR W FF KE A Y r R
FEE (TR A RN AEY R AEY OKEA
¥1) LA RJE A LR R R . B X T KB
PO BB KK DO B M iRE 2 HB0A N,
KHF IFETE X K & DO % B B iR R
AWFFIRIELE R BN, K A 7R B T K
REMRERRE, 5914 DO YREEAE b, ¥ fb B a] 4
FEE SR KRR DO REREMK T 1.36 ~ 1.71
mg/L, HEFEEFEETEIBHRKH P EE T
ARIZKTE , LS K P B RS AR, ffK
IRE ERE SIS ; R BT AK A AR R AR TR A
ML B B A R SRR ER BE R T T /K kb 7 S A
B, B f#K ik DO b,

KERFFTEAEH , KF ST oK R SR B
BRFAEM—FKEAEY) . AR HUKE T 4 FFREE
BEFMOK BRI BIFEEEUER, 4 21 d 1
Ak, K TN TP A fT ERREE SR T3 51 484 60 ~
533.70 mg/ (m’® - d)F115.01 ~63.06 mg/ (m’ + d), 7EE
WHCER R, A R P EEITE
IKBERRIRE B R, 2% 1HEPE K
AREY ARG A R B E B IR LIK (TN HRBE N
10.00 mg/L, TP ¥R 0. 99 mg/L) B .BEREI#HAT T
o, HA KB X TN TP {3 S8 L R
SR 21.65 mg/ (kg - d) F14.01 mg/ (kg - d), &
RIGEMT KR 4 FpE BRI AKAE TN TP 5
T B R BRI R4 A 19.38 me/ (kg - d)
51.08 mg/(kg-d), 98.90 mg/(kg-d), 119.75
mg/ (kg - d)Fi 1. 18 mg/ (kg - d) 3.23 mg/ (kg - d) .
10.32 mg/ (kg + d) .13.78 mg/ (kg - d),

KT HER AR AG A B B A B it T H
HEIR BRI A S (Hi T HAEB LKA 4
Kl , B8 E A RZR ST RAESKE , B
AR RERZ—, FHIEM KSR
TR, ALE X AT R BRI IT B SR , 3 L%
TR G RN E AR, K ERRGEE, I
KA PRI M, B A S8 TR R
HERIAEA Y R B R AR L R YRR
ROFF R % . L, A 553 FIFK BT B Bt
FREGEF KA RRH RERE, EXBEY
h5 BRI RN, O AR A RN E,
R U RS SRR TR E

SE M
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