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Abstract. Four vertical flow constructed wetlands were employed to evaluate the purification effects within tail water in different
seasons under four hydraulic loading rates (125, 250, 375 and 500 mm/d) . The results showed that the highest removal efficiency
of total nitrogen was achieved in autumn while decreased significantly in winter. The key points of temperature and dissolved oxygen
for denitrification were 10°C and 1.1 mg/L, respectively. The wetland system was more effective for phosphorus removal in winter
than in other seasons. Removal efficiency of COD, under 125 mm/d was significantly higher than that of other hydraulic loading
rates, the lowest treatment performance of COD, was achieved in winter, and with no significant variation in other hydraulic loading
rates and other seasons. To obtain a full pollutant-removal efficiency of the wetland system, the optimal hydraulic loading rate is at
125 mm/d. To reach the V class of surface water environment quality standard, the optimal hydraulic loading rate is at 375 mm/d.
To receive the amount of pollutant removal, the optimal hydraulic loading rate is 500 mm/d. Based on full consideration, the opti-
mal hydraulic loading rate should be at 375 mm/d.
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Jilr. BRI, B JR V5 K ) R /K R R A 3L

N TR R EC 36 G2 A7 98 FAAIG L 00l 25 BR sk 2 va T w070 i 5 S5 5 o T 18 Ry R /K R 8 A 3 1Y) 3 2
T2z — K S35 (hydraulic loading rate, HLR) JEIR it i9— B S5, 2 g s 5 e ¥y ik
R N FE 22— Mitsch 25 F1 Kadlee 25" BFFEIA A 15 B B ) 7K IR | 7K g 67 Ao 4652 PR 28 0 1 2R 48
YAk B AR5 SR AR g FE B — T, 2K T S AT AR AR | 7K T 5 B R T W ) Ak AR A A SR, AR Y
IK AT T R T LA R A e T R R AR B A B S AR IR b, AT N TR M ) BE T RE AT, 7%
B R SR /K T ST, AR ARAIE H 7KK BT Y RIS S35 7K A 3 o 3 KAk DAL A 5 22 4 v £ LA A AU SR 3T
Wl B B A K T 5, HRGBATHT IR B, IR R B SR 2275 T f fe A ey, Wi it S PRz 47 (1 48 ‘4
FHABR. A I, A SCAULIE 5 PPN MR b A 3R /K ) SR AR B A TR, T TSk A5 e i i IR RO [R) K )
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1.1 XWEE
T B FATRA TR /N R Ge 7 T v B2 g 7k A A= W 8 53 07 4 W0 B A7 52 46 35 b (30°30.39' N,
114°28'E) , /1 4 UAH B (K xBExm = 1.25 mx 1 mx 1 m) B9 FATHA T3 b2 i S8R B 75 em, 450
. F2J2, FIEN 40 em KAl 10~20 mm BIBRA, FJER 35 ecm B2 R 5~ 10 mm BK A, BB~ =
( Phragmites australis) YERIZHARY) , FIAE R 10 H/m® S R G T 2013 47 11 A, AREf7 3 ~HE
RYiFEE, T 2014 4F 2 AJRAHEHE.
1.2 SEIE KK R
SIS R GE K LI5S K AR BT — 2% A HETORR #E (2006
FEYRK (2T E B (COD,, ) <50 mg/L, MA (TN) <
15 mg/L,NH; <5 mg/L, 58 (TP) <1 mg/L) NALFX} 4.

1 dEARKE

Tab.1 Influent water qualities

ok DK K R B S e R AR P X MR b
NTFECK B ST 0« 3 455 \NaCO, (KH, PO, \CaCl,,  pH{H 7.47 0.26
MgSO, FeCl, « 6H,0 NaNO, \NH, CI, 3 /K K BRECHE B L T #E(DO)/ (mg/L) 5.75 221
1. HL 33/ (uS/cm) 460.51 22.56
1.3 K5 #T TN{(mg/L) 12.18 1.30
WBE AR S TR A TR o e
W LBRABEME N AT R BE N AR 4 LK ST 1p) (1) 071 ol
S 43 BB R 125,250,375 A1 500 mm/d. S RS coD,/ (me/L) 54.50 497

HEEHAFT, WA RS K AR AR 1 Uk KK FE,
FI I YSI556 {545 =K BT M AU EE (T) DO\ pH (A AL JF B A7 (Eh) #E47T B W | 2 J5 KKk A 1]
SEHE M E TN NH; \NO; TP . COD, V& BESFH8 B , 43 501 >R RO M 4o 55 198 B0V A — 55 A1 o3 Dl 1 A Ea ) L £
T BIEBEIR MY Y OERE R AR 436 R A b Y A e e I s
1.4 BHESHT

KA SPSS 18.0 B AT R 04 5 22 BAH AT

2 R 5118

2.1 B xR K B4 L 3B R

2.1.1 COD, Wy £ % HERGREEITE, T 2014 4F 2 A 19 H - HIEFT 80 R4E . 4 Bl & 44 T2 st 2
K COD BARGRRE TR B2 (L RBRSCR B AT E ;8 A 2015 4 1 AR, KRE TR L,
R EARCE 1).125.375 mm/d %4 T COD., KBRRR T 250 J& 500 mm/d 554 . 7K S 61 fif %of
COD., 2= BRI BY 52 Wi A % 88/, 1X 55 Deblina 25 £ 4518 26017 A0 243 HF L B, COD, 22 B R 5
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BAS IR, (2) T s 4 I B L AR AR A 0 o A, N TV M AE TE — RE T SR coD vk N
(3) COD 5 NH; M £ B R FE ST R, 1M 5 58 AUAIRIE UK A X W0 A~ 3d B B 77 78 — 8 1 BRI 7 .
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Fig.1 Monthly changes of COD, removal efficiency
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Fig.2 Monthly changes of TN removal efficiency
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R, 4 Pk S350 F X IN B94E 2 L BR R 2 518 71.39% +17.71% . 56.07% = 15.18% . 53.98% = 10.22% FlI
49.63% +£9.60% . AEC R B A ZEIL R E |, 125 F1 250 mm/d 7K F1 6 fai T TN A9 25 BRRCR 22 B0 H AL A RLEE . A 2
AFFAEN BT 78 10 A kB, 2ERRFIK T 91.24% £3.46% Fl 73.59% +3.14% ; )5 T 2015 4E 1 H
12014 4 12 H 43902 SR AH 35.83% £3.09% Fl 32.62% +8.61% AHETE/MHT & B, TN ERRHE 5iRE KT
futar 43 B2 B IE AR (P<0.01) .l T A0 22 B 3222 sl i A W9k 3l , 4 Ze il o 1o e i 25 T B 1Y)
FRAR T B3 T, BT TN YRR B B FR AL,

HE 3 A H MR NOSPRFRE B i RBR IR 0T B3, 7 11 A LI, 4 Rk I3 56 R NOS P38 2%
BREEIGLE 90% LA b 10 11 7 LAG KBRS WA T B, Hdvilfum F R REIR BT K, IS 4 Fhok 07 6
FBRRAI TN 34.81% £26.90% 48.03% £17.24% .63.03% +22.94% F 70.60% +19.03% ( 3% 2).

FIEET NOJTI &, NHG 19 5 BRACR A B S AR SR (18] 4) 125 mm/d K T3 545 T NH; 25 B 3 5
i, RB TR R, I 10 A IR B (84.52% +5.51% ) , W 7E 3.4.5 [ 12 AR #2, ¥iA
40% e A7 AR S S ff 25 R N RBR AR E P45 2% NH KBRS S /K 1 f i 52 i 3 A oG, ihi 5
FoA IR PR 70 S A DG FL IR R T BBl TIZ e BN T R 48 LA By =08 17, Frs i At i
KB AN ZBIBRE], 15 RGP DO MR BB, R A A T RAEILVEH , (R BRI W Ak AR, 530 NH;

LBRBCR B
ANV RN TR Y KR AR R SR 0 R X T S M ) A OR 22 R Ak 2
7.

Bk 125 mm/d T TN 7ERK B LBRF W3 T B0, AR TR B Bk 3 25 TN I BR3L
REFABE(P>0.05) , L FHORN B FRENL4 Tk 7AT T NO; LERRAER B Bk 3 FIRRAERRK
i TR AR E AR TR 25 bR NOS ) =R, I SE U0 45 R WA 76 38 B AY IR B 45 1 14 28 BT
R G0 HAT A 0 SRS AR R T S S A ML e B DI B 2 SR A1 FH G S B BR ) R 7 1 i AR B2 56
GERKTE BRI E B DL B R S AR FIANE T B 0 55 1F SRR A B SR B B AT AR
SRS AAE FH A IR AT , S92 560 3o A -4 A0 L 37 A 380 b A 9 452 136 %) PR W05 e S EL TR A 1 P AT e 2 B U R
BN, NOJ R BRI A2 i FH R, R W] NOS K BR 2R R I K.

NO; = BRFR 5 H KRB DO e AYE 2R ILIEL S A1 6. 4R BE (R T 10°C i, 4 Rk 16 far  NOS By BRR
ZURRRE(E S) AT REBLH 10°C 2 SRS A 41 B 1 9 — 493 1. Misiti %51 A1 Chang 261 th A58 T 25 B1AY
SERBR T BARM A AL TN, & RG22 | N TR B L 45 R W] T A SR AR 45 1k LA T T v 0407 fie e e B 940
AT ENO; Z R TR T BEIR R AR5 8 /K S i T, HHK DO e < 1.1 me/L B A AEAE B R 8 DO
WRE>1.1 mg/L BT (18 6) , RN A e fE DO WEEFTHE/NT 1.1 mg/L. RS HIK I DO W EEAEA R 5&
ZE AR XA, A AR B AR 0 BN T BB XS AR R () DO W AR B — i BVE . B BRI ZE A A K%
RN T R SRS 25 SO, AR KRR T KM EAER. AR R, %5 By A &
BRIIRE IR AR L, A TR R o, AR AR 2R 8 8% T T P L 53 PR AR G e 5 17 IR v 44 22 IR TRL
15 DO e AT g2 W R BRBUR BRI n) EZ R,

[ 3@ A% TN (NOS \NH; KBRS & AR AR Z A TAH S M o0 BT B B, TN B 3 55K J7 ffif 422 Bk
FEHAR(P<0.01) , 5 /KRR NH; EBRZE NO; KFRFEE B E EAHK (P<0.01), H5 NH; KFRZEMHHH K
PR (R RSN 0.774) , UL HT NH; EBRFXF TN EERRCR AR 8 2
2.1.3 #h i & MRHLAE 4 Rk O Sfer S50 T 3 B3 0B T KR £ (1B 7) R S I — A B SRR ) 1R
Hi R GEX AR R G T RO T 500 TP K bR 2. Bl K 1 T BB, TP LB 2 R RE#, 4 Fiuk
it R BAE BRI 76.31% £10.61% 63.69% +15.31% 54.10% +17.85% Fl 47.65% +19.37% .4 Fi
ST TP RBRRL R A Sk )E TR R 10 A LUS 4 M 4T TP W LBRRIHE R R R 4Tt
5 IR B AN VR R A TN b bRl A o B AR T b s A7 0 3], B A 95 7 A A R B R E 2 0, o
M 25 BRARRE RS AN, SEER T I DO e B T, S b SR 1 T 35K th A ) T 0 6 I I X 114 T T
REY A H TP KBRS N T 2RISR LB, TP ZBR%F S NH) LB R E 8 F EAHE(P<0.01), 5K )1 i
faf \NOZ 22 BRA LK 7K L B B 3 A 56 (P<0.01) .
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Fig.5 Correlation between NOj removal efficiency and outflow water temperature

JKTE 4 R T BB R K V ISR, BRItk 25 R 7KOK BT B AR A HERK V 26,375 mm/d 7K J) 5 7E AR AIE
K TP K COD , ih b5 R , BEHF b BHK i de KAl ol 1 R K TN e BE 3k B HEROhR 1 , o5 & BEEAGE R G2/ DO
ARDE 4 i FAH AR , I =2 AT Y 1T/ S5 Ak B it
222 5% EhE BE 1,45 X3FE 2 0TAL 125 mm/d KIS FT T 2EEAF 075 Je P 22 BRR W i, B K
JIG B R, V5 Y TE R GE N 15 B I ) A, KV B TR B R BR AR R, X 5 Trang S 4510 AH
L2 B, A PATS e 2 o bt 125 mm/d S K ) B
223 T4 ERE  FIHEN IR AN ] K g 670 0 2 BR A A A B AR E) R BR R () 5K iy
fif (H) WEFR (3R 3).H il e gt sr ik ik .

Q=H -7+ Cy (6)

253 TN \NO; .NH! TP .COD, Z:¥%% 5 HLR 1y [l )5 )5 Fit
Tab.3 Regression equations of TN, NO;, NH;, TP and COD,, removal efficiency with HLR

SB¥ [ =175 R
TN 1=175.68H*-163.71H+88.34 ,R* =0.9555 (1)
NO; n=-7.6739H>+14.354H+80.842 , R? =0.9942 (2)
NH} 17=326.01H*-301.18H+90.637 ,R* =0.9593 (3)
TP 17=98.575H*-138.05H+92.026,R*> =1 (4)
COD, 17=0.988H>-0.897H+0.701 ,R*=0.7753 (5)
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Fig.6 Correlation between NO; removal efficiency and outflow dissolved oxygen concentration
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YIBE HLR (&3S 0. K AR HLR = 500 mm/d if, TN \NO; [ TP . COD . iA B i KB H R AL Q . = 0 IR
8 H,=0.261 \H,=0.354, H, =0.261 . H, = 0.354 i} 73 5 B KAG 5 B /IME, T H=0.5 B Q,5=0.66 g/
(d+m*)>Qy, =0.52¢/(d - m*) ,HItt, HLR=-0.5 m/d =500 mm/d I} NHj 8 H 225t 1k 1) e R(E. 4545
o BAAE TET AR H K R L3R 4.

K 4 AR5 T R 7 A H 25 4

Tab.4 Pollutant removal amount per square meter and the corresponding HLR of the constructed wetlands

BT H 2954/ (g/(d - m?))

125 mm/d 250 mm/d 375 mm/d 500 mm/d
TN 1.08 1.78 2.36 3.07
NOj3 0.56 1.15 1.74 2.35
NH; 0.47 0.58 0.58 0.70
TP 0.07 0.11 0.14 0.17
COD¢, 4.12 7.13 10.70 13.48

P, 24 PLTS e B o FUARIN AR SS86 25600 T 19 B /K 0 574728 500 mmy/d. g iy, AT 3t 2 7K
MIBRTS 25 A5 2 T B IORAE 8 2T R WY, A TR X 75 Je 40 11 23 B F8 7 — g 1 ] g I 7 1y g 3 K i

_____________________________________________________________________________________________________________________________________________________________________________________________________________

IRMERRR 12 0007.817ARN2% 20161  FAKE 5kZE AR ST 185%260(mm) 45 44 4T 2015/12/16



122 J. Lake Sci. (#7a#3),2016,28(1)

e TPtk —a— TPHiZK —— TPEHR
1.0 125 mm/d T 250 mm/d 375 mm/d 3 500 mm/d .‘100
4 N A — a1l
ol AN g I wh e T
IR LY O I B ARERT NI
. Do [ y 1/1 s 1/ / */\ “\l {
o T MINE Ty
o AN A
] I - /1 l\I/ J\“ ; 4 \-I /}\ / I‘_O
| Al A YAILEYA |
* Y %\1 B WM/? i Jy
‘ =1L : '
0

: . . t . : : 40
2014/02  2014/07  2015/01  2014/07  2015/01  2014/07  2015/01  2014/07  2015/01 4/A

Bl 7 TP HHEACR 9 A 221k
Fig.7 Monthly changes of TP removal efficiency

I R AN, N TR b 5 G TS YA AR S BRA , TS e fe  ae d K A R, R B K R
R PRETE DL 22 B o FARas A7 A T IR A7) 75 050 6 S PR o fre R s fak i K g S (8.

4 FIK AT TN TP [ £ FIA B3 25 5 (P<0.05) ,250,375.500 mm/d /K J1 A5 F COD,, %
TR EZF (P >0.05) , Hh 125 mm/d TR REREEE & T HAK I fuom TR EREE, 0 250 5 375 mm/d
T TN TP EHEEF AR EE (P>0.05),125 5 375 mm/d K S F COD, ERRE 250 K 500 mm/d FHY
B L5 EPNA LR A B BK BRER  RBRR NG Y R b A AR ) T 375 mm/d.

3 &t

W XF 2014— 2015 4R B A TR HAE AN [F] 7K 7 64T Xk /K R BE AL BEASUR HEAT IR, LA A TR
Hi R A0 ER R K ) T AR SR B LR R . (1) TR ELUR AN 0% b 5B 5 25 Wy B /K v i 2R B A S e g, L
o TN ZERKZE L R R B, BRI 86.62% £6.87% 64.73% +12.68% .59.13% £9.13% Fl 49.88% +
11.61% , A& Z8 R e 22, 2RI W0 45.78% £14.43% 35.98% +7.18% 42.51% +9.50% 1 44.29% +9.16% ;
TP 1E4ZE LR BRI, EIRFI3 510 83.81% £6.64% [ 74.55% +8.82% .65.95% +13.45% Fl 64.27% +13.57%.
(2) TN.TP Z:BRRCR IR F1 5177 B L TR FEAR. B 125 mm/d F COD,, 25538 1 35 i T HoflK Sy S 4k
HATK AT COD, EBRFR2ZEF AN, (3) LIIRHARFE S K 2275 Je i 12 1 37K V Zprafis, TR i e o
V5 2B BT 375 mm/d & ek S U
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