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Absorption kinetics of nitrogen and phosphorus in aquatic vegetables in wet-
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Abstract The nitrogen and phosphorus uptake kinetics of six kinds of aquatic vegetables’ root system were in-
vestigated by using the modified depletion method. The NH,”-N,NO, -N and H,PO, uptake kinetics of the six
plants’ root systems could be expressed with the Michaelis-Menten equation. Results showed that the maximum
) and the Michaelis-Menten constant (K, ) was significantly different between the six plants’

for NH, -N and less K for H,PO, . In

condition of low nitrogen and phosphorus concentration wastewater, the plants preferred absorbing phosphorus,

uptake rate ( 1
root systems. The six kinds of aquatic vegetables in wetland had higher 1

max

but the absorption rate of NH," -N was fastest. Ipomoea aquatica Forsk ’root system owned the maximum 7, and

max

minimum K _, which was suitable for treatment of all levels of polluted water. Colocasia esculenta 1.. Schoot. had

lower I, and higher K, which showed that Colocasia esculenta L. was not suitable for ecological rehabilitation.
A. tuberosum Rottl. ex Spreng should be selected as pioneer plant to purify polluted water with high level of nitro-
gen and phosphorus and Lactuca sativa Linn. was proper to purify polluted water with low level of nitrogen and
phosphorus. Brassica juncea var. was more fit for low H,PO, ,NH, -N and high NO, -N concentration wastewater
purification, while Medicago hispida Gaerin. was applicable to repair polluted water with high H,PO, ,NH, -N
and low NO; -N concentration and inedible. While take the safety of vegetable into consideration,the heavy metal
concentrations could overstep the standard, so engineering application need more careful.
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aquatica Forsk. ) . W BE ( Brassica juncea var. ) %3k ( Colocasia esculenta L. Schoot. ) (EZE (A. tuberosum
Rottl. ex Spreng. ) YE AT 4 . FAEPI LA 1/2 Hogland EFRE PG 2 B, 6 3 d He— K E =W, H
pH 1M ZE pH (B 0.1 mol + L™ NaOH =4 HCI J8 15 % FR M pH, fEHARFEAE 5.0 ~6.0 Z 0], 7EH 57
S0 | 1) % 3 b oA O B I 100 mg - L' €, H  NaN,0,S( MERCK) 7T HE B i 2 W g s mi ) 52
5 1E XA ST, KB TR AR oh ik T e AR B 0. 1 mmol - L' CaSO, SCHRFF W YLHKE 75 3
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1.2 SEWHE
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N T BEIRIX [, CLAASSEN 45 201 F 1974 4R 42 1T F 56 5 i Rl R R AT S 5 WL 3l ) 25 WF 5 R RE IR U
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¥, LABRERES (0. 1 mmol « L™") N W, F 258 F /K A4 #r 4l KH,PO, . KNO, . (NH, ),S0, i il 7 4
W, WL 300 2.2 .20 F 15 mg - L7 SRR AR 4 OO Hh 23 0 B 3 AP AT, SRR AR IR D (25
+1)C JEMERE N 5 000 Ix ARXTRELL K 75% M N TR FRAG 24T . 22576 0.0.5.1.2.3.4.6.8.10
h B JORE B UCIBORE 1 mL #MFE 1 mL 25 85 77K, 96000 08 W50 17 B0 3k B8 VR BE . IBORE 52 BE S T BIVIRCH A
PR, BT ARET B AR AR SR T R A K 0 SR BREE R IR AE 70 C R ME T B R AR, AR MOk
5 R WA ] 22 i R o 2 R AR i R A e D AR SR 3 0 2 8, LB BT R RIAE W 1 3 ) 2 R
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BRI B )2 R D AEAE B ROR I 25 5,6 R4 T
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ML T SR R 1 e AR L 6 FIEESEARM R X H, PO, W 8 ) i £k

MERN.SHES>IEX > > EE >FHHEE Fig. 1 Kinetic curves of H,PO, absorption by
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A AESER 1, MK AR & H AL FE H, PO, e B A5 7K 3 Sk A B iy 1, FIBCKR Y K, Ul
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F1 6 MEREEMEYMRK H,PO, NEHESH

Table 1 Kinetic parameters of H,PO, absorption by six kinds of aquatic vegetables

it/ R v Ko/ (mg+ L") L/ (pge (g-h) ")
K y=0.004 0x> 0. 123 4x +2. 114 1.399 8 28.21
&AL y =0.002 3x% —0.084 7x +2. 125 1.540 9 36. 61
2303 y=0.001 72% 0. 120 8x +2. 083 0.473 6 81.21
= HLER y =0.000 5x* —0. 043 0x +2. 134 1.440 5 20. 36
S y=0.002 32> =0.079 5x +2. 128 1.612 3 3.06
E[3 y=0.008 12% —0. 164 1x +2. 155 1.5312 74. 60
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6 i it AR ) W OHE h NO, SN R
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1,250 3R TE 8 h B ik B 58 SR 78 i, AT B —

SER A RO N, 2 A A A

Wi sh 14280, 6 FiiE I NO, -N i e K

NO; -Ny Jif/(mg - L)

AT AT 22.03 ~818.29 pg - (g h) ! 0 2 1 6 8 10
(DT Fiait) z W, M EE K, T Wi/

B 2 6 FiEk 3E AR A ) X NO, -N B i 3h g 2% il 48

Fig.2  Kinetic curves of NO, -N absorption by

15.102 7 ~16.717 6 mg - L™' Z ],

M2 AT, g R M Y AR T TR [ AR
YR 22 30 25038 > 28 > HHLEE > AR
> AR >k Hh A0 1, H A 02 EE
OHHEE A S kT, EHM1.91.2.07.3.12.3.13 A1 37. 14 5, M EM I H K, 25 8k
>R >AER S G > THEE > SO, ERMFELN K, HEXREESF(P>0.05) 43 &A%,
EHEEMZSORM K, AEEEER(P>0.05), XFF NO, -N MM, 250 38K AR BAT S| R 1, Filie /N
1 K, % NO; -N P WU RE ) fe 5 38 B A PP NO, -N MR BEZKOF A5 Yok A dESE S5 BB 1, KFAES
AR MK, (E/N T3 2 Fda ), v 4k 3 5 35 ER LU GE & THE S NO, -N 15 Ju ik BE B ik 4, 2E

six kinds of aquatic vegetables

m ? max

R2 6 MEREEMEBWRK NO, -NHHHESH

Table 2 Kinetic parameters of NO; -N absorption by six kinds of aquatic vegetables

) BT IHFE i 407 B K, /(mg- L") I,../(pg- (g-h)™")

A3 y =0.088 0x* — 1. 147 5x +19. 048 16.242 3 261.29
SAER y =0.022 3x% 0. 605 8x +19. 052 15.965 8 261.97
203 y=0.083 1x> - 1.217 2x +18. 446 15.102 7 818.29
Egiiga y =0.046 1x* - 0. 834 9x +18. 730 15.895 0 395.22

Fk y =0.027 9x* -0.572 1x +18. 828 16. 628 7 22.03

E|S y=0.077 9x> —0.943 8x +18. 862 16.717 6 429. 00
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SR A AR B A AE NOS =N Vi HE ARG B AR 14 75 e oK A B 58 v W0 B 9 R 0 5 1, ARG K, BRI
3k X NO, -N W ISCRE T 8855 , AR e A JLRP RS A A& FAE IR AR )

FLIGHFIEN 6 FHAE YT NOS -N BRI sh J1 24 5 AR My A7 A 22 5 o R o0 2 2 X 5 3 R g i
Tl AR R A B W B 2 R A R AR I B A Y 1, K, (E 53 il & 574 826 pg - (g -
h) ' (F B ) F124.16 19,52 mg - L™ 8148422 BF 58 K A SIS NOS -N AWl 3 J1 24 R 1
Hor MK, 9 0.23.0.14 g+ (g+h) "(LLFW i) F10.035 1. 18 mg - L™" 00 o] A1, 5 i 5
Xt NO; -N WIS RO fc i, RO 250 38 i BT KO AR SESE D XM K, IR, 250 SR/, KO R
LSRR E NO, -N AT B MR WS RE T o A R AL SR 4 A e R MG R (ER K, B AR X
B PRI MM L B3 7 e ol 8 5 v 1 e K A
2.3 BHXERMAEYRI NH, -N B3 /124554

AN [7] J0 AL Xo E  AR v e AA R R T e B g 2 18r . e Al
Mk TLE 3, % 3 WIS N B8, I 3 K _ M
T LTS, 6 BRSO NH N B R R 7, o
T 23.49 ~706.82 g - (g - h) (LR T FEIT) E:x
2], T, R AN K, S T 8.036 7 b
13.567 8 mg - L~ 2], z

e KW R 1, AEAS R P i 25 57 o8 2 25 0
K> G > R > THE > B > Fh 20K N R T
[ 1, 50 BIR A 463 AE 30 T RLEE R A Sk A
2.13 2.87 3.85 4.34 F130.09 15 ; M E M S HE K, K3 6 Fgki AN ALY X NH -N B 31 ) 2 i 2
SR THEE S L >SHE > >AEFR > Fig.3 Kinetic curves of NH, -N absorption by
BN, EHEFEMEXN K ML EER (P> six kinds of aquatic vegetables

0.05), 43¢ &k S OXMELW K, HEA

FESF(P<0.05), S 0REARKN L, AE/NG K, 575 7K A 08 28 RO U, o Ik B BB RS T &
AESERNAE SRRy 1, AT HLUBIORI AR SRR T A S AR S iy K, {8 BL 4 4 3 R HLEE /N R ot 4 48 3% Fidk
Seid T8 NH, -N K935 K, 35 BLEHR A2 S Ik N, -N KCSF 19 75 K RSSO 80 5 3 3k 1, KK,
TR AE R KRS A, KI5 8O- SS R BOR T . B4 A5 552 A BIF e 45 R W K A0 SRS NH -
N BIBh Sl o K B4R J2 0.44 0.19 wg + (g - h) ' (LA FW 1) #10.097.0.39 mg - L™K
AR A AR A5 SR R B (250 38 ) NH, -N By Wl iy 1, i K, B4 2 30.27 pg - (g - h) 7!
(PLFW 1) f15.64 mg - L™, 5508 rh &YX NH, -N WL sh f 2w 8O He, DL B2 E S g K (1
INTEEE I AE R 1, AR AR EOR 22 5 0 D DR SR A A B AN TR] BN R BRAICR % 08 RN 7, %8
O3 K AR SR B3R AR SRR IR AR ) AT

F3 6 MEFERMAEYRY NH, -N HEh hESH

Table 3 Kinetic parameters of NH," -N absorption by six kinds of aquatic vegetables

) BT IHFE i 407 B K, /(mg- L") I,../(pg- (g-h)™")
A3 y =0.051 3x* - 1.212 8x +15. 658 10.281 8 162.71
BAES y =0.026 87x% —0.767 3x + 15. 460 11.356 7 331. 81
20K y=0.031 84x% —1.051 4x +14. 555 8.036 7 706. 82
Egiiga y=0.021 05x* - 0. 387 4x + 14. 901 13.567 8 183. 38

¥k y=0.026 035> —0.610 1x +15.378 12.693 8 23. 49

E|S y=0.001 212> —0. 541 7x +15.239 10. 691 8 246.23
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HY T3 P 22 B A AN I I, T A A A T KR B R T Y R AE AR A R A U, AT SR B Y
BT E T 5 E IR KR AL 15T 3, WSOK PR v ) 8 3R W 5 04 T gt ok oK A rp g B
G0 B AT R AR TR 2 4 B SR A AT PR B A 28502 5 AT aHg e A T o AL ) st i A T A= AG I
O3B T JC 2 i MK R R A AG I I H 2 B0 2 RS — R4 R R B B ISR — K
FMPEANININ DDT ARARAEAR LY J3 50, WA A IR AT ORI AT 00 1] BG4 R 2 8 b 2, R
UKL % 8 4 Jm OU AR IR SR AE

B T8 7 8 J1 24 525 1 6 Fif g SR 4k 1Y R4 BRREMERNTE
PERCE (B MM O 3F L FHEE ; KBS IE Table 4 Vegetable safety testing items
B, B PR T € TR 2 9 R A Y i AE S (AR SR WA W5 7

FAMRA ) MR T 8 o N TR p Uik 5 (Pb)  GB 5009. 12-2010 (£ & h A A9 2 J7 1% )
ZE B T A AE W oK 4 FF AT AL B AE A AR B #(As)  GB/T 5009. 11-2003 (£ o 2 Bl (W 5 77 4% )
WM RS [R) FPAE ) 0 3 25 i v S AL B AL AR B (Cr)  GB/T 5009. 1232003 ( £ # Hh 5 4 9 W 2 Jr 6 )
HUR) By 2 A Y b T B R A 0T 3 A M R A IR B(Cu)  GB/T 5009. 13-2003 (£ #h i 4 B 9 0 5 7 i )
o WHEIHMBESEA ARBTG5 FKEE B(Cd)  GB/T 5009. 15-2003 ( £ it 458 90 5 77 18 )
Ut 3, PR TS KRB R 32 8 U/ B, HER 5 F(Hg)  GB/T 5009. 17-2003 ( £ it 4 W 5 J7 % )
fEHARE B THA H,105 CRE 0.5 h, FEE
FEH 2 70 CHE 48 h FE T 5, ML T 09 RE S FH I8 1 2 D) AR R LT B OB B A B A8 R AT B
TR BB T RER A A T30 H AR J7 3k L3R 4 ke 25 R L3R 5,

FEAG AL ES : PB303-E HLFKF-, HP5890 “TAH (1% {X , AFS-230a XUl Ji + 2¢ Y 06 B i, V-640 J5i ¥
W oy e EE

x5 HUER

Table 5 Testing result mg - kg™

B 3% 44 B 5 (Pb) fifi (As) % (Cr) #d (Cu) f(cd) K (Hg)

A3 0. 080 0. 024 0. 144 0.241 <0.004 0.010

SR 0.159 0. 068 0.672 0.876 <0.010 0.021

e d 0.016 0. 020 0.105 0. 142 <0.003 0.012

Egiiea 0. 055 0.021 0.162 0.235 <0.004 0.010

3k (BRZ%) 0.003 0.011 0.032 0. 086 <0.004 0.003

E|S 0. 167 0. 029 0.017 0.331 <0.007 0. 008
325 (GB 15201-1994) 0.3 0.05 0.5 10 0.2 0.01
BR2£2 (GB 15201-1994) 0.3 0.05 0.5 10 0.1 0.01

MF 5 rpa] LU S8 A Y 2% i 35 v E 4 e A R 4 R A A A A T R A BR A, K B AR SR %
oK i a3 i AR ELAY 1,36 1. 34 F1 2. 1 A% K85 250 S R O 5 W OHE Hh B T AR v . AR E
B A AT T [ AR BR R X m] AR B A R A OGS IR AR X R < A B A N A

4 itit
M1 ~ 3 M3 2SO AT A R T NH, N W R d K, X HL, PO, 1 35 AT o B0

N IT LA 2 KA v G R R AR A R S T R R S (X B S R I AR R e B, 6 I Ml AR ) X
NO, -N F1 NH," -N #9351 7 | e KW 0 267 /e B 8 0 25 57, JL R S =R A 6 NH, -N B9 35 1 ) K F 4



2834 HoB T OB ¥ W 11 %
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0 AR R R G B T 2 WS B A RS [ AR 0 1 e KW S R T, FSE AN E R K, AT A [R) A
W G Tl 1 A A T S AR ] e B 0 S A R B R OR LA s 0 S Sk A i B A e K 1, R R/
(1, B, 2 S RIS AR R 0 A0 b v 5 RO R DL AR A A N T v KA SR U R b R Sk i
TR U Tt R s 0 S 5 Al S X R R Y K 1 W WA R O i i AR S RV AR &R kA L RB 4R IR R A I G SRR
BE , (H P Al AR M B2 V5 7K DR AT LK 7 25 485 G R TC 3 20 A N T b v 5 4 0 SRR 7 BB R W 1)
R W WS 3 5 Ak T e ] B B, T 3 TG 7T R o T AR G Y A BRAUR |

X6 0 Hiy b A SRR AT A SR 0 K, S IR A5 SR AT AN, A 3K As Cr Ml Hg bR, 25038 Hg &
RSO RR , MR, S AL SR R SR, — B 25 ~ 30 d RTCRAE SR UCE W A g il R 4 R A U A O N aE
W%, 25 036 AT Ve R AR 22 2R 40, W e BE 0 38 45 Xt kR P i S e Rt AT — @ IR R, 55 T RE 2 5
K ORI iR, SE KK IR R F AR mE R AR T B A I TS KA W A S = A B /K (COD
SR ) AR TG K A L XA HE K e R 4 JE R A R 1% e A G A, K B O B — B B IR AR K
WE R A% . DRI 36 FH 4 A6 S AR SR 0 AR ) B 25 JE i FH 22 A Pk In) i, 55 2% SR LR K i A R SR 1R H

FESZPRIEAT A T B X B AT I AR K, R E R A A K RS i, AN IR
PEAR AL RIAR B 5%, 76 4 Z (IR I, 3% 58 1T RE S bl 22 s ARBIOIR S 72 AE S RUE & BB 4 & AE AR 1k, i 5%
i 7K R A3k R PRI, & Ze PR i 32 mT 2 0 DL LA 2 1) 16 P TR S T R 0 8% 3 o A, dn S R B i 5 L
HE &6 2) REON TR WAL S 7K J 455 88 Bsf [ | ] 900 2 485 it , 00 Ak 08 32 A B8 53 ) o F 5 (8 2
AR L o 5 % T e, T AR |t 55 R T 25 4
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