416 53 W
2017 5 H

KE A& Y R
ACTA HYDROBIOLOGICA SINICA May, 2017

Vol.41, No.3

doi: 10.7541/2017.87

AELEHMRAENE KGR S E R E B A EL iR R
T MK = " pxE smx £ @

(1. g RUARNL K = 5 22 5, T45 214081; 2. /1 E K P~ B 0F 58 Bt v K it i 98 s,
MR K YRI5 B R SRR =, T8 214081)

FEE: N T FUAS R R R S5 4 1 /N ZR 0 RS TR 3 7 0 SR o H 5 5 ot It e R T A T ) 2 ) Y A 2
P, I3 H K SRR e AR AR R, R o ot T R AR (B8 1 R0 28 ) R R R R (A AR R ) R AT A B R A
[ 1490 AR T A (] 9 b A 2R 3 HH 7K I 7K R o I P AT 05 i DA A3 B AT A e % . 45 SRR A
PR R o U A AS U 2B R o, Bt S IA £1)98.87%, Bkt AE 4 £1]58.06%, X 1o il R 6 11 25 b R B 11K, #e
1#137.91%, FAK2.51%; MEHIAR AU X S-X O &5 Wi LB Ze AR FAREE X 1-X4 /5, B 25 BR3P 1 513 %, ZA
EBRFFIE10%, WSS B EBRRTFE10%, M5BT 15%, IEBHIR 22521 m20%, w4
Eh R R4 1218 %, 7EAH [FI R s (A 00 T, 28 RN 2R G VR A PR PRV AR B Ak - LU 28 o N 2R 4 B — o
L P98 MR 7R LA B 4 ()0 KRR, e S v ) R Y MR AR VR S B R (O IR Bl M S R R A R R A B
FARE D& P (FH 5% R £50°80.903—0.980), MR T R 4 0 8 N T Hb 25 B 7R BE /K A b S SRR IO FR A, W M B 7R ff
P Bl 7% 1 5 R R D 2 PR R B R B B B S A M (R 56 R 20N 0.821-—0.992), TR T /F 340 52 A T Hh
F B IR KR AR R £ L RE TR bR o HIF 70 A N I 9 bR A0 R0 35 5 00 0 33 A0 3 R 0% 1 P A 1 K R 3

BT ISR

KRR IO, OKACR; BREEEYE, BRRRERSTE; ARSI

hE 73S X832 SCRAFRIRAD: A

FEZ M L AKRFEEGF = EER 2 —, K
J5 75 Y AT K B JRVR B 1) R o iR 7K R SR
R, RE AL 1) TR PR K B HEI, 215 4Lk
TEMAESIRET . Rk, A 2000 7K Ab L4 it BE 05 1944
157K, 0T 4E g R K IR A S IR B, AR B K=
REg el ET kEERAEER ARG T
S EEE .

B R R ER 2 B R R, A KIS
IKEL I RERI B A 2 R Y. A TR R
4152t H SRR RGEA YRR, 32 S ) A g
JRPEKER oy 2Rk, FF B A MR 84T 3 AR
O THAE. 5 TEBERSE NN Z AT
B i B RS R R T S S R R
L6 7K P AR 5 B4 A RO, Zhu 25 B 5 T

Y ks B EA: 2016-06-06; 1&3T HHA: 2016-07-27

X E YRS 1000-3207(2017)03-0692-08

N T35 4 R G006 k17 P 7K Atk R, T g
W T N L e KRN HE K HOR,, Farzad-
ki IE TN TR IS K AL B SR R A
ZRBOREE . FIRE, N LR 5K 7R E R &
HIFEIA K IRIE R T, RENS AT R8O YN 3 1K
RBOR, R IR KA FF IR AR, Bl 7 % 358
(i 4, xR 3 KR L. R K IRIA
ARG P AR KBS, IXLEEg RE s g 5t i
AN IEA, JFREAE TR T K AR L I R ke 2]
T EEEER . Mo, DR 2 MBI K C-NE
(AR k) R 7K ff Wil T R I e 0% Ml A LA P RO K
R, A R B A v  Bo  AS ELA RR  FE F
H AT, £8 N RR 3 3 4 IR K AR RO LA T, A
R E . K180 )y ATk ) A B

EEWH: “+ = T EEK RS RIBTH (2012BAD25B07); 1 % 2 ai PRI T 2= A BT %5 2% £ 1020 15JBFM24); B 5RSR %
KA P AR R I H (nyeytx-46) % Bl [Supported by the National “Twelfth Five-Year” Plan for Science & Technology
Support (2012BAD25B07); National Nonprofit Institute Research Grant of Freshwater Fisheries Research Center, CAFS
(2015JBFM24); the Projects of National Technology System for Conventional Freshwater Fish Industries (nyeytx-46)]

EZ BN : TR1993—), T, @b M WL 7e A £ FHKF R TAE. E-mail: 1501532221@qq.com

BIEES: KM, 5, R R EEMNFAKFAEFEFEIF . E-mail: zhuj@ffre.cn


http://dx.doi.org/10.7541/2017.87

3 1

PRAE: AN R AL 9 /K OR35S A S IR ) L IT 693

T

SRR AR 22, (L R I (T 90 I P 4 o
AN

N T 2 AR R 5 R TG k4 AL, A
FLA BB S A AR X i A s R,
Rl T R 25 1 2B e, B B e
IR A K S R b T Y N TR R A A
KRBT % 2 RPE R Hh. AR
FE A S U g 3 R 0 (B R LA
EIRL . A R T R A i B R 0
W % SRS . 7 FTIE SIS v [
U K YR AN BRI, SR IX B £ 1 7K 2
FEAE > FITIR 50 0 5 R K 22 002 3 92 F 1
TR MR ARSI 1 2 AT 28 A N T
HARLAD, St 8 2K A R 25 1R KT R L Ik AR
2o BEREYD; 1 PR RRLER T 1R A A T8 Hh 3
5, DR AR Ll T S T A R T B,
A A RV 1 0 2 A 2 R 5 e 0 10 3 T S
AKBTEL, 3 BB et & S ™ . A
FOA 3 LA 96 R 400 0 796 R 10 4L ) T R
/N T3 bR TR St S 7S [ A T8 3% K 2
S LR, 0 ik W K SR B R I AL, FF AT 3
T i 5 040 7K Rk SR T R S, A N T S bR A R
(PG A a6 B (AT A0, A9 SRR G375 P VR AT
T 2 e K SR L R 5 k)

1 #RERZE

1.1 /NEGEHIER R E

/N TR 3 b RS TR e 7 0 N T R A 2 9 R
20, L A ARG . AR 2 A B i
THI VAT B, 43 0 79 b R 4 R 7 o L R 3R AT
He, oA EEK .

MR A R bk O, K. BER
TR (] ). 1EHBAE TR ) R AR T
iR EAAN0.565 m, MK B4R N0.455 m, HEAN
0.705 m, FE BT R E N0.550 m, K7 fa Ay
2.151 m’/(m’-d), TLIREE H4T7%, 7K 745 51 i) i)y

%1 SNTHERAEYRIERER

Tab. 1 Plants and filter material composition of all six wetland

models
T bR T &35
Wetland model Plant Matrixe
X1 /o Eyival
X2 ZH 37
X3 ik kA
X4 E-d= eyl
X5 B+2 H 3ER
X6 fry e ARRA

0.120/d, 7K A3 550.540 m’/d, 97K 77 g fuk
JiiE R EVE LA R(DFI2). AT S Hps
T ST AE A 55, S5 H T AE P B K PR R A
TR ¥ K LA FE A O R S B e b . 20 2 52
Je /N AR AR 2 1 (A A AN R R 4
Jeks ELAIE VRS S B NN RE R, TR
FE RN L35 N, BT 1 b A 7 o (i ek 4
A . ) 7K Z 0K 57 5 il 3 7K 3 N TR Hb AR R 1)
HBEAK 1, AN UE R 2 1 7 1 3 1 14 s K
FRIFE, A4 TG S 21 A /KR s A ] . kK
BRI IE, WhyE TR 200N 32 IR 0, 355 i
f, it AR ) SRRV I SR v 5
FaE .
1.2 HmRE
TR BRI IS AT I, BB 10K RAE— K, 15
A 10—12 SR, SRAERE AT, St A5 X pHAX
AT B AN AR fpH . VA R AR,
A3 900 5 3R . 4R 2 Sl R B3k A 1K B
FEEANEHAR Y HH 7K KRR, B — AN RBE 547K
FE3UR o T 7E 10 Hh AR 7R f AR o 3508 57 SR 4 226 Jo A
BRI AT RFE3 . SRR SR B BE SN
4°CUKFERFI .
1.3 MEHE
TEE . pHANAS(DO) 7 Hil s H 4% X pHll &
(MR 8 SG2) A 5 3 fif S0 I 8 A (Y ST
DO200)F I K AL W 5 o 853 1) IR IR FH 5%
PG LE 0k, R mE SR I BERR 25 —Ah b @™, K
HALFR AR I E 7 WK 2,
14 HIESH
IK Syt dia [m ()it A =
a=0/S (1
1 QK AR B (m¥/d); S-1EH L R T A (m”) -
RIS A HRT (/d) T34 3
HRT =€ X hy/a ()
o e-JERLFLBR L 5 by, 1B U AL VR BE (m); a-7K )
Fi i [m’/(m’-d)] -

1: 7k 1 Inlet

2: 7k [ Outlet

3: yi&#} Filter materials
4: ¥4y Plants

5: ¥kl Plastic drum

1 /NIRRT R 2 A

Fig. 1 Diagrammatic drawing of a wetland model
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Tab. 2 Water physical and chemical parameters and the
methodology for measuring each parameter
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Tab.3 Measurements of water temperature, pH and dissolved oxygen of inflow water in each wetland model

B HAE A Wetland model KA H #Sampling date 7Kl Water temperature ('C) pH A Dissolved oxygen (mg/L)
8 H 18"5 August 18th 30.5540.66 7.13+0.01 6.44+0.23
8 285 August 28th 30.25+0.54 7.23+0.06 6.55+0.15
#E7K Hnlet 9 A 8'5-September 8th 27.36+0.15 7.05+0.02 6.52+0.03
97 18%5September 18th 24.05+0.10 7.10+0.01 6.35+0.08
9 H 285 September 28th 24.85+0.68 7.09+0.05 6.20+0.06
8 H 18"5 August 18th 31.24+1.08 7.25+0.01 6.32+0.23
8 28" August 28th 30.65+0.99 7.17£0.03 6.02+0.15
X1 9 A 8'5-September 8th 29.10+1.01 7.43+0.02 5.89+0.21
97 18%5September 18th 24.50+1.00 7.07+0.01 6.01+0.11
9 H 285 September 28th 24.20+0.50 6.92+0.04 6.32+0.23
8 H 18"5 August 18th 30.98+1.11 7.19+0.02 6.11£0.18
8 28" August 28th 30.30+1.23 7.28+0.04 6.05+0.09
X2 9 A 8"5-September 8th 27.90+1.44 7.36+0.02 5.99+0.20
97185 September 18th 24.554+0.66 7.14+0.03 6.05+0.13
9 H 285 September 28th 23.80+0.78 6.97+0.01 6.29+0.16
8 H 18"5 August 18th 31.11+0.89 7.31£0.02 6.21£0.05
8 285 August 28th 29.95+0.97 7.17+0.02 6.11£0.22
X3 9 A 8"5-September 8th 28.15+1.01 7.36+0.01 5.90+0.14
97185 September 18th 24.85+1.21 7.13+0.01 6.06+0.16
9 H 285 September 28th 24.80+0.75 7.334+0.03 6.12+0.23
8 H 18"5 August 18th 31.01x1.22 7.41+0.03 6.28+0.18
8 285 August 28th 29.90+1.33 7.24+0.03 6.07+0.08
X4 9 H 85 September 8th 28.10:£0.99 7.40+0.02 5.92+0.09
97 18%5September 18th 24.80+0.86 7.13+0.01 6.04:+0.21
9 A 285 September 28th 24.3540.68 7.03+0.01 6.11£0.16
8 H 18"5 August 18th 30.89+0.79 7.53+0.02 6.44+0.21
8 285 August 28th 30.20+0.83 7.24+0.02 6.22+0.16
X5 9 H 85 September 8th 28.10+0.98 7.36+0.02 6.10+0.09
97185 September 18th 24.15+1.05 6.97+0.02 6.15+0.05
9 A 285 September 28th 24.50+1.04 7.11+0.02 6.21+0.13
8 H 18"5 August 18th 30.99+0.99 7.19+0.03 6.54+0.20
8 285 August 28th 30.20+0.82 7.23+0.01 6.33+0.18
X6 9 H 85 September 8th 27.40+0.76 7.28+0.01 6.09+0.11
97185 September 18th 24.65+0.68 7.14+0.01 6.20+0.09
9 H 285 September 28th 24.80+1.05 7.22+0.02 6.19+0.25

T RPN T EEbR N 2

Note: The numbers in the table is average value+standard deviation
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Fig.2 Removal rate of TN, NHI-N, NO; -N, TP, PO?{ and CODy, in wetland models

R4 RHMIERIREEIEM T
Tab.4 Changes of urease activities in wetland models [mg(NH;-N)/(24h-1 g)]

KHE H #iSampling date X1 X2 X3 X4 X5 X6
81182 August 18th  0.0851£0.0126°  0.0795+0.0211°  0.0872+0.0101°  0.0917+0.0259°  0.0941=0.0202°  0.0861:0.0159"
8282 August 28th  0.1069+£0.0253"  0.1024+0.0192°  0.1040+£0.0201°  0.1104+0.0213°  0.1055£0.0111"  0.10930.0200"
918 September 8th ~ 0.2138+0.0089°  0.2048+0.0183"  0.1681+0.0211"  0.2208+0.0098"  0.1910+0.0129"  0.1986+0.0100°
91182 September 18th ~ 0.0706+0.0101°  0.0764+0.0214"  0.0670+0.0231°  0.0692+0.0135"  0.0930+0.0134°  0.0859+0.0134"
9128 September 28th ~ 0.0567+0.0203°  0.0585£0.0099"  0.06340.0200° 0.0581£0.0146"  0.0692::0.0104°  0.0669+0.0256"
VE: 2 B 9 B R AR 22, AR AN R R R R SRR IR EEVS Y50 2 MILSDAR I i 45 51 R R

Note: The numbers in the table is average value + standard deviation, “and * showed the LSD test results of urcase activity in different
sampling date of small wetland microcosm; The same applies below

x5 IRMIERIBECEGE T
Tab. 5 Changes of phosphatase activities in wetland models [mg(CsHgO)/(24h-1 g)]

KA H iSampling date X1 X2 X3 X4 X5 X6
8185 August 18th  0.4024=0.1111°  0.3472£0.1213"  0.2368+0.0099° 0.5127£0.2010°  0.5576+0.1356"  0.5576+0.1314°
8/928'F August 28th  0.5391£0.1000°  0.5317+£0.1516"  0.5928+0.0077°  0.5391+0.1359"  0.6123+0.2101"  0.7586+0.2306"
9H 8 September 8th  0.1002+0.0098°  0.2465+0.1001°  0.2391+0.0088°  0.1734+0.0098°  0.4660+0.1023°  0.4002+0.1757°

9 182 September 18th ~ 0.0713+0.0056°  0.1472 £0.0087° 0.0713£0.0059°  0.0713+0.0066°  0.1265+0.0087°  0.19200.0056°

928" September 28th ~ 0.0920+0.0099°  0.0472+0.0068°  0.0920+0.0063°  0.0679 £0.0074° 0.1335£0.0092°  0.11270.0068"

RES YR R WA —ERRFR. AWK PRI e B % 7 Yk R i 1) B A D SR AR AL, B
B, AR 2R 23 WA M A VR A 2 T 5 P2 1 JUR S PEAE R — SR I 18] 5047 3 22 ko
m s E TR R WAL S R IR, G BN BEER B VE S KR . VRS R KT
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Tab. 6 Correlation between urease activity and contaminants
removal rate in wetland models

1AL BRLERAE Per'r%nﬁzfrﬁtfr[f;%jval
Wetland model TN removal rate rate
X1 0.951° 0.357
X2 0.966 0.141
X3 0.941" 0036
X4 0.968" 0.179
X5 0.903" 0.318
X6 0.980" 0.255

2 KB S REAT K /N B ISR 1) JOR Pl 0 M 4 57
K195 Ae) LBk AR R AL *P<0.05; **P<0.01; R[]

Note: Date of table is correlation coefficient between urease
activity of wetland microcosms in per row and pollutant removal
rate in each column; *P<0.05; **P<0.01; The same applies below

®7 IRMIERMSEEEE T SIS RMERENEX AL
Tab. 7 Correlation between phosphatase activity and
contaminants removal rate in wetland models

B Hh B R RPN 17 AR Bh R
Wetland model TP removal rate Permanganate removal rate

X1 0.624 0.821

X2 0.420 0.933"
X3 0.340 0.897
X4 0.925" 0.926
X5 0.889" 0.992"
X6 0.804 0.956
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THE COMPARATIVE ANALYSIS OF THE SUBSTRATE ENZYME ACTIVITY
AND WATER PURIFICATION EFFECT IN DIFFERENT WETLAND
MICROCOSM

WANG Lin', LI Bing"?, YU Jia-Hui', ZHU Jia-Bin' and ZHU Jian"’

(1. Wuxi Fisheries College Nanjing Agricultural University, Wuxi 214081, China; 2. Key Laboratory of Freshwater Fisheries and
Germplasm Resources Utilization, Ministry of Agriculture, Freshwater Fisheries Research Center, Wuxi 214081, China)

Abstract: The aim of current research was to determine the most efficient model for water purification, by studying dif-
ferent combinations of plants and matrixes and related enzyme activities (urease and phosphatase) in small wetland
models. Two types of plants: Zizania latifolia and Sagittaria graminea, and two types of matrixes: garnet and mag-
netite were used to construct six different wetland models. Within a wetland system, the quality of inflow and outflow
water and the matrix enzyme activities were measured. The results indicated the wetland models have the highest re-
moval rate of nitrite nitrogen, ranging between 98.87% and 58.06%, and the lowest removal rate of CODy,,,, ranging
between 37.91% and 2.51%. Compared with the single plantation model, combination of both plant species yielded a
synergy effect in improving water quality, evident by the increased average removal rates of total nitrogen (by 3%), am-
monia nitrogen (by 10%), nitrite (10%), total phosphorus (15%), orthophosphate (20%), and CODy, (8%). This effect
was independent of the use of matrix. The filter material urease activity was highly correlated with the total nitrogen re-
moval rate (rzz 0.903—0.980), whereas phosphatase activity was highly correlated with the CODy;, removal rate (r2:
0.821—0.992). Hence, urease and phosphatase can be used as predictors of the total content of nitrogen and CODyy,, re-
spectively, in a wetland system. This research provides a theoretical basis in optimal selection of wetland plants and
matrixes and in evaluation of water purification effect by assessing substrate enzyme activities.

Key words: Wetland model; Water purification effect; Urease activity; Phosphatase activity; Correlation coefficient





