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Fig. 1 Schematic diagram of constructed wetlands
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Tab. 1 Wastewater simulation solution concentration and formula

15 KR BE

15 KFE ¥R oy ek ik 2
Wastewater Wastewat_er égﬂu pﬁ‘. %lﬁ Concentration
index concentration emicals (mg/L)

(mg/L)
NH4-N 8.00 (NH,4),SO, 4.39
NO;-N 12.00 KNO; 10.00
TP 1.00 KH,PO, 86.66
COD 60.00 Cy,H1,0q4 37.75

FA-E AN Y FE i, TPR F o Bt R 44 8 Ak - 86
Lo ek,
1.5 EY. s RERKN

18 B FR ik B> FR gl AL H A, REEA
Fea G2 BIE AT R0 JE IMAEYIRE S SRR & oF
JRAE i DL EC AN [R] A B A0 6k N T b 2R 40 %
JREIRN . T A YA &8 KR SERE, T
65 CHAR T 15720, WHEEL40 H 4 . AT i
HRE LSRR MERE, B TAGRTEIGE
[ Unicryo MC 2 L)fE—60°C |~ T-#§36h, #f % it40 H
i % F o HYIRE S TP TNAI TP i 5 R - i 8 Ab &
ARG, I R LK R BUE AP e e
e, EhIRE SR TNAITP Sy 3R 7T 400
AR F SR & 5 B R R 6 i v (ICP-OES )l
E o NDRIUETEJUFE SRR ()35 50 1, AR B N Y
FESOAE R — B B BEHLUR S M B, &K HRE
Y5 ANV E (LS em) s N3 N 0—5 cm.
5—10 cmFI10—15 cmzRAf . A TIRHL R g
INFATH BRI S, 192184 FF T ARR
FEE B E—FF o K URR A J2 R 7 2 36 RS i
TEA TR T —60°C N 3EAT T8, T8 18 A
36h. U JE TR 2RI V0 2 RE S B RE, 4
70 H A8 Hif A& o JE R S TNCR F 21
YL KE R, TPRES &5 B e - & 4 e e Ak
AEFR S, R PARBE L e e,
1.6 DNARREVFISERTR I EEPCRE N

FE S5 45 5, R DNA SR BUR 7 & (Power-
Soil” DNA Isolation kit DNA, MOBIO)X| 2 &
F TEETURE L L) d ik ADNABE TR I, 12
HY 753 3 () DN AR 5 F1 26 & i ik Nanodrops ND-
10003E 47K, & 4% (DN AFE 5 F—20°C UK Af P 15
7. SEH %% % mPCR(Real-time fluorescence
quantitative PCR, qPCR)?'nt_LightCycler® 480
II(Roche, USA){ #% Fb4T, 2B B A AH 5%
IhREIE A, A0 35 Z 0 U (amo ) FIE AN R £ 38 Ji
B (nirKfnirS). Wi FEKH20 pLR MK R, £
AT 514204 uL. J5514)0.4 uL. DNAFE 2 Ll

SYBREf#10 pL, H 4 FHFree waterfh5%. HAKEED
BEAIE ¥ 5 WKangZ HF 5L .
1.7 #HIEAIE

H 4 b 5% F Microsoft” Office Excel 2010%
3347, FIFH Gt HFEF SPSS 19.03F 47 8K 37 2243
Hr(ANOVA)KAL IR 25 R B35 M, 24P<0.05 N4

TR,
2 %R

21 AREMERENIRERALEHRE TS
PIERYR

T 5 B2 dUR A P, TR R 24
3% FH B4 JEC G 3 40 Ry e R EE M b . 3% B LB AT
10N . N TR HL %G B HNH,-N. NO;3-N,
TNAITP/K I FEAR I KBRS W 2F R . TEATH
N TR & ) NH,-N. NO;-N. TNAITPZ: 5%
NT5.7%—94.5% 16.8%—75.6% 69.7%—86.1%
H153.3%—99.0%. MENH,-NZEFRICRN S, B
B FHR N TR b 3R 48 SR S I RS A7 30 40 1) ok
HEZH N TRt R 50 2 BR 2 70 3l R 75.67%—95.24%
74.79%—93.48%F172.01%—94.64%, 3/ M H A H
IR 22 7 (P>0.05). fEREIBITERES, &£ AT
R G LRI, SRR R 1E
NO;-N 2 B RUCER 75 T 388 3 %) b o EC AR 20 4 s
IO SR 56 4 v LA W, VAT A BEAH (R R AE
53.82%—77.54%)AH AT H M5 4k BE2H (25 bR FAE
36.31%—60.77%) 1 AbHE 3 K 5 47 (P<0.05), HIX P
Foh 5 I JEC G B 4 ) N T8 H 3R B XN O5-N Y 25 B
BRI R 2 E T NI K A AR o FR A (K R
1£16.84%—51.54%; P<0.05), /£ 3N 847 HIANO;-
NZEBR R R g . TNEBRBR 5NO;-NER
S5CER R AR ARL, B 25 B 2 R R I H ] ek 2 > FH R
ZH > HEZH B A, 34 B BR R 4 E67.65%—
86.08%- 52.58%—74.50%%140.79%—67.64%. fE
3PN LI RS, TPEFRRILZIETO% UL E (PR
O Ji AT B 40 7 AN, B NS T 2 K IR FE i
R ESR, H3fh N Ligih RE%H 5% %2 7 (P>

0.05).
22 AEMERWENIRERA TS TR
AR

A ZRBEE I I Sl i L FE SR 2 3
3F, BTSN A N Lg% E P NH,-N,
NO;-N. TNAITP/K i 8 b (1) 22 B 2 R an & 3y
TNo BENH-NZEBRRCRKE, Brg2A JE B hnim]
RN T R G 4b, 4F0 N TR R G (N
PRI A N TR R GE . s il ek ) N i
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Fig. 2 Water quality treatment effect of benthic constructed Fig. 3 Effect of benthic artificial wetland water quality treatment
wetland in summer in winter

FMCWSsA{ i b BRAL; VICWsAU R FIZE A3 40 ; BCWsHL#E FMCWsAUE AL F 4 ; VICWsIUFR I A4 ; CLCWsfUFE

XA

PRI S FR A BCWsAUZ N R4

FMCWs. CWs adding mussels; VICWs. CWs adding viviparidae; FMCWs: CWs adding mussels; VICWs: CWs adding viviparidae;

BCWs. control group

CLCWs: adding chironomid larvae; BCWs: control group
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FBRFRAE29.37%—49.24%, Tl teE4H . FHBR A0t
HANO;-NEBRED N N11.49%—24.27%.
11.21%—24.12%K17.51%—20.20%, 3202 |8 %A
3 7 7 (P>0.05) . fE 24 A RE I 4 B b B
HANO;-N LB A ATBEAR, 7T Re 5584l UG
PIUEA <. TNACFE R FAINO,-NAHALL, #2isc4h 2l
BET HAb AL TR 2 (P<0.05), AbFE R AE49.67%—
58.36%, {E R AN i BT e Ak 2 2H A4 SR (41.8%—
42.4%) 0% 7 T AR 41(36.0%—36.5% ) A1 %} 8 41
(34.04%—39.88%), Ja {3 M N T RS M3 H
B 2 7(P>0.05). X ReSEE i} — DR K T
TS B AR A2 PR A 6. PRI Al gl L T
ZH. FHRRA AT HE ZH PR S 2 B R 2 0l M90.42%—
100%. 77.6%—89.6%. 71.7%—91.0%H162.73%—
76.30%, 7] LLA H RIS A TP R RUR B8 T
HoAth 3R N T8 R 48 (P<0.05), HAh3 R A TR
ARG A1 22 7#(P>0.05).
23 AEMHERMENIDRMITRERA LEHE
B #Y. MEYNER

N T ERAEAS [R] SR A Bh o R TR TR
MR G KBS, WE T RARISATHTE N it
AGMMMEFR K TINMTP S &, R4ETHE
TNFITPH &ML R R 20, B\ Lk R
GUEATHT MY TNAITP & &AL K E, SR 4l B
HiZ T e TNS & H I TR ERm, 51787
FHEEIE TN T 6.090 mg/g, FIMEZH AP TN & & IS A
B0, W T 1.35 mg/g. UG L AN XTI A
TNE &4 598> 72.520F13.010 mg/g. 1Y
TPE RN STNAR, 450 N TRt KRG HI T
AN A 2 B B 38 0, A DLRE e 4 B 4 A ol B R
(0.794 mg/g), I EZH FL 1R (0.297 mg/g), X 40 2 ¢
55/1n0.040 mg/g). TERJATNAITP S &4 1, %
U 2y R AR A R A R 3, AT ZH TN 2 3
70.087 mg/g, TPARAL AN E 3, HIBRZH A %) iR 4 R 1
HURH [E TN N &2, F R TP Ak &2 B 5 06 R 4
ZRAK. VAN TR RGEJETN G 23 H B
T AFIFERE IR, 20 PRI 770.390. 0.291. 0.261

F10.272 mg/g, VI LAE H 2RI 4h 2 PR S %, H
PR B b . R TP & R BRIE Il A B RILH
AL, HAh 3N TP A BTN, Hrp DA g
SN2, Wik D, (3R 2 T BN, WK 2
AT LLE H, AH LG I IR AR S o REZH N T
M R G, S INRR Il N T Hh R G
TNAITP & 48 i i 3 K T B, 225 FP TNA
TP & &34 & [F) A o 25 v T X R4, IRV R TN
B R PR TE B35, TP B INE BT X
HEZH ; s T e i N TR b 2R 40 55 18 i &)y H 20 WA
FRALEL 2 5556 RELAH 179 22 S /N T 2 i 4t 40 5 ) R
)25, AR Y P INMTP S B INE B E S
T B, BB TN & A TP S 3 N & s i T
X HEZH, SRV TN & Ee ot HRZH PR 5 %2, TP s
TR AR T 0T R 2 T s i FE B8 N Vg H 2R 48
T AR TP 21 0 & 5 25 i T IR 44, ik
B 53R 2 AR K
3 g
3.1 JRMESIR I RERA LR H7K R
REEZ N

FELER2. 1, 3Fh N T RGENH,-NAITP %
BRI AT S8 25 22 5, NOS-NATTN 2 BR R 15 S 31
AT e ZH > FH R A > HEZH, = FNO5-NP 14 L fr & 45
AR67.37% 53.16%F130.18%, TNF-35 2= (5 24y
WINT6.12%. 64.24%F151.78%. X EILEH =R
A h e 2 2 12 N TR HENO;-NAITNAL 22
R, ELAS TR A B RCRAR TN 0 R . 7E DAAE
R W e R N E S 2 = A N
K B R, AR AAE N TR R IR S 4,
ST 67.41% TN 2B % £269.04% [INH,-N 25 R
U, A5 1 9 0 O N TR I A A R
o N TGt DA 5im N\ T M i RSl U, Sl T
70% LA EIITN, TPEERE", thA wF 7o i i 3k
R —R M A N IR M I 238 (7] 1) 225 i 42
MY H 4G, NH,-N. TNAITP ) S E R RN
66.54%—74.05%- 61.55%—73.61%F138.16%—

®2 AILEBMAGETARFRNRPTIN, TPEELEHE

Tab.2 Variation of TN and TP contents in different media before and after operation of constructed wetland system

) TEHET FERE
151 H Item Plants Lower substrate Upper sediment
TN (mg/g) TP (mg/g) TN (mg/g) TP (mg/g) TN (mg/g) TP (mg/g)
PRI A FEZHCLCWs 6.090+0.730 0.794+0.019 0.129+0.002 0.012+0.005 -0.390+0.018 0.000+0.001
Al AL FEZHFMC W 1.350+0.380 0.297+0.024 0.087+0.004 0.007+0.002 ~0.291+0.037 0.022+0.001
FH 2 AL FEZH VICWs —2.520+0.540 0.267+0.049 0.028+0.001 0.004-0.000 ~0.261+0.035 0.026+0.001
HHEZHBCWs ~3.010+0.770 0.040 0.028+0.009 0.001+0.001 ~0.272+0.045 0.030+0.005
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SNHTEIBA LG, E£EFANTERES
BATHA60d) Y, PRSI N T 18 R GE /K i 1%
R R AR e e, R B A INE WS REE &
ZERRE P K B AL R ICH 2 NO;-NAI TN A
R o PR O S A 3 R R B 4 A — R AL
A S B 5 SCH R TH TN T b /K 5 14k 3L
REETHFBL

LR 30, TN T Rl R N TR R 4t
R ZFERIHNO;-N. TNAITP B3 2% 51 i) I 2 14
5o, VN INVAT SR N VR M R GRS I FHE N IR
R G A R B 5B 4K B ROR B 52
T, 33X 3 BERIAS [F] P 2 S AG Sh 40 1 > M 5%, BRI
o) e &7 AR AR A Y, 5 R G 4k
) 5 g 2, 17 9] e A P R A ZE AR PRI
307N FE T AR, AR RS B T AR,
X K B R M g o B A BN TR N O5-N
TNANTPV 34 £ B 25 HIN37.8% 54.0%41194.8%,
5ok FEON T P 32 25 B R A b 4 0 36 n T
29.51%- 15.16%H1137.62%, B iFhff vk 7 R R A
TR A TS AT BRI R 8. A SOk o, @ik
A EAE Y EC B T DA A B RN TR HINH -
N2 R R YR 7E(62.1£8.8)%, TN R AR 1E(45.8+
15.4)%, TP 2: [ 2 7E(62. 1+ 8.8)%"; 04 #F 0@ it
) FH 3t B BE R 23 3 Y N T35 M SEEUNH,-NAI TP
R H13H50.45%F169.17% ", LuZe il it ik
BRI TIEHINO,-NZE B R R 330%. A
D55 oA 4 A B, R4l N TRt B A B
&R AR . A — 5T, g5 R 2.2 th R I
A2 R I HOPI GRS ), PRl AL TE R Gis
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Tab. 3 The copy numbers of nitrogen-transforming functional
genes in different media

SR N TAG LRRE TREEE Rk
(copies/ Constructed Upper Lower Chzrpnomus
o) wetland sediment substrate  riparius larvae
nirk BCWs 8.09+0.12 5.53+0.42 —
CLCWs  8.14+0.05 6.66+0.93 6.90+0.81
nirS BCWs 7.54+0.04 4.75+0.89 —
CLCWs  7.78+0.04 5.68+1.27 6.75+1.19
amoA BCWs 5.36+0.06 3.99+0.00 —
CLCWs  5.55+0.02 4.22+0.19 4.51£0.25
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EFFECTS OF DIFFERENT BENTHIC FAUNA ON WATER PURIFICATION IN
SURFACE FLOW CONSTRUCTED WETLAND SYSTEM

GUO Ying"’, XIE Hui-Jun’ and ZHANG Jian"’

(1. College of Safety and Environmental Engineering, Shandong University of Science and Technology, Qingdao 266590, China,
2. School of Environmental Science & Engineering, Shandong University, Qingdao 266237, China; 3. Environmental
Research Institute, Shandong University, Qingdao 266237, China)

Abstract: In this study, the surface flow constructed wetlands were set up to explore the efficiency of different benthic
fauna on nitrogen and phosphorus removal in the constructed wetland system during summer and winter. The water
purification mechanism was investigated by the changes of nitrogen and phosphorus contents and microbial abundance
in different media before and after the operation period. The results showed that the addition of mussel and viviparidae
in summer enhanced the NO5-N and TN removal efficiency. Compared with the control group, the average NO5-N re-
moval efficiency increased 37.19% and 22.98% by adding mussel and viviparidae, respectively. In addition, the addi-
tion of chironomid larvae in winter made the average removal efficiency of NO;-N, TN and TP increase by 29.51%,
15.16% and 37.62%, respectively. However, the mussels and viviparidae did not have significant effects due to the
semi-hibernation and reduced metabolism of benthic animals in winter. These results indicated that the addition of
benthic fauna can enhance the purification effect in surface flow constructed wetland. When suitable combination of
benthic fauna was selected, the water purification effect in constructed wetland may be improved throughout the year.
The results of mechanism study showed that benthic fauna promoted nitrogen removal by enhancing microbial nitrifica-
tion and denitrification, plant nitrogen uptake and substrate nitrogen adsorption. The removal of phosphorus was
achieved by enhancing substrate phosphorus adsorption and precipitation as well as plant phosphorus uptake. These re-
sults could provide a theoretical basis and reasonable reference for the application of benthic fauna in surface flow con-
structed wetlands.

Key words: Surface flow constructed wetland; Benthic fauna; Water purification; Winter; Nitrogen-transforming
microorganism
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