F185ETHI202457H

;/T‘ f@ — gi é jﬁ Vol. 18, No.7  Jul. 2024

CHINESE JOURNAL OF ENVIROMENTAL ENGINEERING

@ http://www.cjee.ac.cn @ E-mail: cjee@rcees.ac.cn GRS (010) 62941074

DOI 10.12030/j.cjee.202402031  HiE432% X703 SCHRARFAES A

I8 R IR Hhr 40 A % AR O TR N e R S R
A = 6 6 AF F B s

KRE, MIT, EER, RS

B A K2 IR S R A 4B, B AT 210095

B N THERFEEKP AR MES B TS 3 Y i Y A K s, A T /KSEE R TR
MR R TR, FARAS L X A A 2B R PR AR AR Bs 4 . SRR AN TR AR K 22 5 0 8 4 AN AbHEA .
K BRI IR K (CK ). ARSI K P bt A R iR R4 . ARG E K PR (Cu dl) . B3R 56 %
KRR ANTAE KA Cu(izk H+Cu dH), X 2 R T IR M 1 S0P 0 F0 =5 G S Ve FHFE AR R T 0 1 ARG W,
ZERBW] . FRREIKTPASIN 18.3~39.1 ug L' Ptk 28 0.8~1.2 mg- L™ 42 al kI i A TIR A9 27 2648 P . ARARBR £
AN SR AER . 5 CK ML, AEPiERM Cu EA4MA T, AFREEE R TR S5 MR bR+ p g 2
FITFET 20.4%~66.3% F1 20.8%~77.5%, AEARBR LIERFI 45 FFET 30.4%~71.0% . 23.2%~60.7%, I EIERA TIZ
HE) P 2EMRER . AERBR RIS . B MR EE TR TIE . AR M Cu BAMHA T, KR
N TR A B T IR MR TR AT B 15 CK AAAH LI B RE%. 5 CK 4AHTE, KB A T I i 2
HEEmRA TIRH S 5O CE RN T 11.09%~73.8% F 15.2%~45.3%, AL G FZE M E RG22 THH], M
CO, He S EHakaFs ., B BRI A TIgH HEK PR TR b F2 8 K B B AU BE AL BT RE 77

KR K WRRA TR PR, M IR SeAEA

BUAERA Cu HABHIGE SY AL & & A K E T Mg AR RIS IR, ERUBR A oK i
FHE2, PR AR R A Cu (U 109%~30% PR, SEEEBIEK AR R A E I A g L',
Cu MR WA R meg L' UL IR 7R KA PRt R DA B T2, (HHZKOKBANRE
FE . seeie (B EFRIIISRYIHRERE) (GB 18596-2001), Tl HA IRAE-GF A YOt BS , 77
T KRR T A R A B e FEAR 3E ) L ng L™ BJLTF ng L', HrHFERAIXT S EERCE L = 5 KA
MO T M KL R HEIOA E IR R, A A R 40 T A PRS- AE R K A TR BE AR B

FEHR X B BEA [- A& REESe i  T Iy 5 /K A PR AR AHEA A 252800 . s AT R B3 BT
FRIE K E B EE T Bim A LIRS AR 35 K i i3 8 7 2] 43 R KSR T3 (horizontal
subsurface flow constructed wetlands, HSFCWs) F13E B 7% i A ¥ Hb (vertical subsurface flow constructed
wetlands, VSFCWs)®, DU 480 fif il A VR M S i e B I N T, AbBE S A RIS UA 2R
RMFERIEK, SRERAR . PR R F 0 LBRRITRERE] 95% LI L. #FRm a5 ffi T
HBERA TR S8 P RE S /KFENFREREK, SRR ERE . B M . Cu ) RBRERER
=, T 99% LA E.
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T IFENP R ARG E ™A CO,, S - AR ST RE A e Wi P E B8R 4B
HAEEREAERFECRER CO,, FAAH O, M, BeMAEYIRI R LIRS, LI A
FYIEAVE R A BERIRTE T K P HTAE A Cu XTI A RN B HGE . LTIk, ATk
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A VR TIRH A ACTIER TR 2 ARV T, BB R K R AR - A T 2 K
K R FREMFEREL P UL 5 RRPUER . Bk, DRSS, FUEIATRSS . B-INmEs . KF
WEREHUERDY KESR Cu, ST 1 a BB 7588, W58 T FEEK P REEITAEZR M Cu BHa T, KF
TN TR RN B N T Il DL AR C SV B 284k, DI 4 s Afsve v A TR
RIS K st R SRR B
1 MR5RZE
1.1 GERALEHHIHE

TR TR S (B 1) R R AR R, B8 K0S TG RN A P AR, DAH
VESEPR AN TR RS . HSFCWs 1K 76 em, i 53 cm. & 49 cm AYAETEAIRGE M, VSFCWs ly H %
60 cm. 75 53 cm WBFE S FEREARH 20 cm. &5 15 cm MRS HATISEH, BN FEMFHHEEA S
J#, HSECWs Pt FHZEFLARCRI K X RN K X, VSFCWs ZETTFE P Sk, R K X R ik
FE00.75 ByRHENCAE K,

53

M
R

N
N

B[R R T B[y T e

(¢) HSFCWS{ff 4 I& (d) VSFCWs{F#i [l
E1 BRADEMRERE
Fig. 1 Schematic diagram of subsurface flow constructed wetland device
HSFCWs SEKIX AKX 40 em FATHIFEA (BifE 20~40 mm), ZEPEX AR EARKEGTRE 7>

B4 10 em S AHLEEAT . 10 om EIAIREA (Rif% 10~20 mm) 1 20 cm =9+, VSFCWs HK X4k =
40 cm EATHIFEG, ARFRXH T EARRIEFEE AT 10 em SATHEEA . 10 em S EYAHREA AT 20 em =+
i€, HSFCWs Ml VSFCWs M7EABIIXHEE 4 4> 300 HJEJEM4E (@=11cm), BAMALIEME 1 FoR, Hi
VSFCWs H1 4 DMAEEHUOXFRIM . PSS FEARN AHE BRI -3, 2 SR04 13 Bkom ™ (% EEARE K
FAHR P35 (Phragmites australis), 53 2 DNAETARFERS, A PR AN DEONRER T35, RFh
FE =5 AE A RARBR L, S0 T 32 I A B U ARV R A R S e, A TSI T 2 b b
i, FEEEIA R T
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1.2 EBRALERHET

A TR A ACHBEUTRIE KK, EAOKIS IR (E BRI B R (CIRAERE L
fi) ) BIHKKE . WASREZEANUIE, LIFEREL 1: 45 INA BR/KIRH 24 h 5280, IR B R AGE
SR . EUECRIBERR — E R KT, s TR AR ZE R R K BANRRE , KA —E I
P, Hrpfb2=T5 %4 (chemical oxygen demand, COD) #4558 Ky S5 HLEK (total organic carbon, TOC),
FARRIHEKOK: TOC Sk 24.1~48.6 mg-L™', AA (total nitrogen, TN) & 48.4~94.5 mg-L™', %% (ammonia
nitrogen, NH,-N) &7 33.6~63.9 mg-L™', A&l #% (total phosphorus, TP) & 3.36~7.12 mg-L™', Culy 0.8~
1.2 mg- L' JARCEE RGBS S A KFE IR AR T3S, Em/K I T 97.6 em-d™, RAMBRAZETT
I, MUEET K IHSEREIRIZ N 1 d, WSS TR UK ATER ) -

M 2021 4F 7 H, A SHUER M Cu B 40
TR K EKBITEEE 4 MG, 2% 3r
TN TR DX V5 e 1) 22 5 %A T B KK R or
€, HSFCWs % TOC. NH,N . TN, TP fJ°F- o 2T
WEBRRDIHN 721% ., 50.2% . 59.7%. 76.5%, 4&; Tz

VSFCWs 435k 85.9% . 89.6% . 83.6% . 97.5%.
TR AESE K oy BT A: R Cu ##471ERE or
7. IFRIBATIEI 2022 4E 3 A FFEEF] 2022 4
12 A4S0, rntE TG R, 2022 455

—— T

—e— TG

TASEINE] 2 s, BEERIET M5 www.tiangi24. PHOFHEDE OO DD
com, BEERELISHF N 4—5 BT HF; PP PP I PP
6—9 HIBFHEE; 1011 AB T8 KM H
JET4% 2 2022 SFEIRSIEEN

[F 2B i e A T IR AR PR 3 K A R B Fig. 2 Variation of temperature in Nanjing in 2022

4 AHEBRA, SR BEKCHBEIERE R K AR (CK 4H) . FEKHEISNER N Cu(Cu 2H) . FEKHEIsNR NG
AFE GUERA) . IKPBINRITAEZ A Cu (BidFE+Cu ). ANFEROLH LR 5 RSP RS, o
BENERG TR = . AR B AN KT A R T8O, 430 e XEmE (sulfamethoxazole, SMX) . RBlifvh
£ (enrofloxacin, ENR), +%% (oxytetracycline, OTC), Sk{HWEL (ceftiofur, CEF), FZI#Z (roxithromycin,
ROX), SH LRI R R g A E R R 2R 40 pg L', BFMIAER
SEPRIEK TR A 18.3~39.1 ug L',
1.3 HRHRESNE

1) 3P RS AE A IR YRR CO, SR, AR IR EM, MEAH
LB, EK 6 cm. 98 6 om. 5 15 emo A T REIN HIERZERGES), IR FTHE 2 2 25 AR PRANAE
MRPRsrh . SREERFECA R LA), SEEREIR, MRLR 8:00 JFR, FERAEFEHMOACENMAE, N AdG K
FikEr, B R SRINIE . SRERFA S BIE w2, DAULE M REE 0 min, FFURITAS, Z0J07E 10, 20,
40, 60 min ff FHFFEREE 10~20 mL A TAEH, HESCSRAEESE TR A E B Rl M sege s, ffiH]
SAETEL (GC-7890B, Agilent Technologies, USA) KrlFEH CO, B, 3 CO, HEGE EIITE S
2% CHENG 57 fiftss, a0k (1) FR.
M ( 273 ) vV de

F=—X|m0——F|X—X— @9
Vo \273+T) A dt

A Foly Co, HEGE R, mg-(m>h)"; MK CO, BE/RIFH, gmol'; V, NIAAEFREIRZS N A EE Rk
1, 22.41 L'mol™; T HRHEIARESME, C; VAERH, m’; 4 FWESFEIRERF, m?; de/de HiZetd
REAVERIRIATN CO, HEAMER

2) HPDCEVER ., MR O 1 mm) TR 15 SIEMEOMS, FHI%E 3 BITRE, FE
FAERTI TR, AT TUCE], SO = AR E Rk e T O A ey
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(Li-6400 XT, LI-COR technology, USA) JEi Il 5E 25/ AVESEL: 1§/ 4% (net photosynthetic rate,
Pn), “FfLFJE (stomatal conductance, Gs). Jfd[i] CO, #¢J% (intercellular carbon dioxide concentration, Ci) I
755 % (transpiration rate, Tr). FE&H NAIIGMIR (R RCRMAEREH 20 5 220) a6/
H, BoENEEHRA 1200 pmol-(m*s)™", FHYLES 20 min, BEVLEBUSEARIEE 3 B 326840 F ik
ATINE o
1.4 BRALE

fdi1H Excel 2019 7308, SRR HFRIELARIER 2 (MeantSE) FUJEL, fiiH] SPSS 23.0 #4154
27225107 (one-way ANOVA, P<0.05 KWIBHREAAAE22 70 W%, i Origin 8.5 2%,

2 FEREDH

2.1 BERALEMAERERFNIERFR TIEAFIR

RN TR e AR an (sl 3 fios. AL, PEsiiPr % HSFCWs i CK 41, Cu 4. HiE=R4 .
A E+Cudl, HHEFTFY CO, HEHGE 2550 20.93~229.34, 18.79~126.70, 17.92~87.54, 14.57~
74.02 mg:(m*-h)"', VSFCWs HXJ i gb BRZH ZE75 -1 CO, HEM0E f 7351 39.60~398.22, 38.81~345.87.,
30.91~275.24 . 29.69~230.50 mg-(m*h)'. TEH. H. Fk. & 41F17, VSFCWs S4B A A =R R+

420 - 35

V7 CK4 YV CK4
— a I=[etil I==[et:]
z Joor ik 24t T 30, B N#Ezd
: R it 4 Cult oy . b BRRUECu
E 300} T 25t é T2, %’
- : V=38
E 240} g 20t b . %§§ é_
i = =3 = ::::: =
& S AN N AN
S 120 . 5 OHENE AN Ay 4
S \ S A A AN\ .-
N\& %E\I’Iﬂ %E\&; A\sEX
o} \: 31 "\l S\l S\l -\
e 2% e %% e P e PES
(a) HSFCWsHiz -3 (b) HSFCWsE bt
560 g% 140 - gK{%ﬁ
_sop 23 k%4 120¢ a N it 4
z éEE a R ik F+Cutdd T - RRRR B 2o +Cutd]
= 400 | L, =8 2 a = L o %
: (M A\y : 7
é’b 320 %E §§§§§ %g i 80| b b
R} ! I
ERC "l =\ \ Y A~ SR
s 1N N A\ N - -\ O
S N\l N =\: S 2 N AT A\
B R S\ Y N N N e
% P e P % P e %%
(¢) VSECWshiibrt-4 (d) VSFCWsEHbr 155

Y P TP )N AR A FRAL I TG 83 2553, ARV AR A A ] LA 350 57
3 FEFERATEMAERIFAIFRIR TR CO, HiB RN

Fig. 3 Changes in CO, emission fluxes in reed rhizosphere and non-rhizosphere soils of subsurface flow
constructed wetlands in different seasons
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1 CO, HFiE fE 1 2 = T HSFCWs XN AEFHZH (P<0.05), HSFCWs P 5EMRPR T3%h CK 2H. Cu 4,
PrAERAMPIA R Cudl, F5FH CO, il /3l 9.13~27.76 . 6.01~18.52, 6.10~17.38., 5.82~15.52
mg-(m*h)"', VSFCWs Hxt i AbBEZH i) 2515515 CO, HERGHE #4350 10.30~51.33, 7.97~31.56, 8.77~
28.87. 8.15~23.82 mg:(m>h) ', VSFCWs ZAHZH = 25ARMPR 11 CO, HEGE R T HSFCWs, H 7
FIRKZ B EVEE T HSFCWs(P<0.05). HSFCWs fil VSFCWs &40 I, MRFR+3E CO, HiEum 14 B &
TFARRPR 3% (P<0.05); TCISAFMRPRA MR 3, CO, Hiii R 2HE . B, BEDEE TAETH B
(P<0.05).

5 CK 41, HSFCWs 7£ Cu., HiAEZAHIER+Cu AR, PEsHRERR 12V CO, HEGm /M Ik
KT 10.2%~47.4% . 14.4%~61.8% F130.4%~71.0%; i/ 2EAEMPR HIEZTFH CO, HEGHE R BIIK T
1.19%~34.1% . 5.55%~52.1% F1 20.4%~66.3%. 1t VSFCWs H, 5 CK 41tt, P MR LR
CO, HEiE &, Cudl, PiAERA. PiAERCudlrHIFEIRT 2.0%~13.1%. 10.5%~41.1% Fl 23.2%~
60.7%, FEEAEMPR TS ILT 22.6%~38.5% . 14.9%~66.0% 1 20.8%~77.5%. 5 CK #AAL, 7Ehitk
FM Cu e A WHE T, HSFCWs fil VSFCWs Hi P AR PR AIFR PR 38275 CO, HERGHE & 344 Pk
%, B&Z4, H. B, MENBIEDE (P<0.05), HYUEZH Cu 8-S IA P A o & T
PrAEZERa K Cu M.

22 BRALEMEFEHNEER

D) FEEBRERROL, PR Bk 2 DT IR REE R AR L AN | iR, HSFCWs s
PREFE 10 HAibsiEfl, VSFCWs M s5tkmfe 11 Ak, VSFCWs =5 K m i B
T HSFCWs FR™ 35 (P<0.05), HSFCWs il VSFCWs [ Bk TE 6—9 H, AN LML, B
10 HF 11 A, Cudl, diAER4L. drER+Co I PEtkm B KT CK 41 (P<0.05), A =EEK®
T

*1 ERAEFEBRALEAFIRESEN

Table 1 Changes in the height of reed in subsurface flow constructed wetlands during summer and autumn

REEBM WA CK4l Cudl Vi RA PUE R +Cul
2022-06 63.27+3.71 a 67.20£5.91 a 66.93+3.15 a 61.03£2.32 a
2022-07 94.32+13.64 a 84.50+7.05 a 106.87+8.32 a 93.65+10.45 a
2022-08 124.67+12.29 a 110.47+3.73 a 116.73+6.56 a 113.20+5.86 a

HSFCWs
2022-09 139.30+8.36 a 120.67+7.94 a 120.03+7.48 a 120.40+2.80 a
2022-10 159.13+1.97 a 141.87£6.99 b 137.00+5.90 b 130.20+£3.22 b
2022-11 145.43+2.55 a 131.80+1.76 b 123.90+£591 b 123.73+3.43 b
2022-06 57.43£2.89 a 53.43+1.40 a 58.77+4.38 a 54.93+4.09 a
2022-07 115.60+8.39 a 92.20+4.53 a 105.43+11.90 a 118.73£3.90 a
2022-08 162.83+6.55 a 154.93+6.55 a 155.67+8.32 a 161.03+8.17 a

VSFCWs
2022-09 190.63+4.48 a 176.83+4.66 a 178.3744.30 a 185.73+6.77 a
2022-10 253.07£9.89 a 230.97+6.71 b 220.93+11.58b  223.37+3.23 b
2022-11 274.77+£3.25 a 241.47+15.66b  22525+1492b  231.53+1.90b

TE: RPMFE/NG FRAGRAL I RITE 3 2 5, A/ NG FRAERAL B B B 3 22 57

2) PEERDCEE . FEERDCEVERTE SN IE 4 Firs. HSFCWs H CK 4. Cu 4. HirER4. it
M R +Cu M A EOE A #CR ENOEE O —3.99~13.23, —4.08~12.95, —6.58~10.99, —6.94~8.77
umol-(m?*s) ', VSFCWs 1 CK 4. Cu . JiEZRA ., PR +Cu 45 B ELE BUR BT EIE 5N
0.69~17.54. 0.57~15.04, 0.38~14.88., 0.10~14.16 pmol-(m>:s)", BRT Cu 414, VSFCWs ST TER K
k& 4 AN E T HSFCWs (P<0.05), HSFCWs 1 CK 41, Cu 4. HiAZEAH . HiEZ+Cu M ES
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£ 500 ;;E/;lﬂc % B —— R4
‘g —v—yLE T t 6 —— P FE+Cudf]
<400 =
]
g g 4
2 300 £
8] =
200 2
100 1 Al 1 1 0 1 1 1 1
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(e) VSFCWs 564 1% (f) VSFCWsF=5 S fL T8
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o0l —EEa > —— iR
g —v—HiER+Cudl 6 —~v—PiAEFR+Culd]
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g 2
S 300 £
[_1
250 2
200 0 L )

%%  HE  KE A%

(g) VSFCWsi 251 [a] CO, ke i

. .
% HE  KE A%

(h) VSFCWs} 2 7 s i 2%

El4 AEFHERALEMHPAEEEEREREN

Fig.4 Changes in photosynthetic index of reed in subsurface flow constructed wetlands in different seasons
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LS A4 E 53 90 0.11~0.33, 0.10~0.23, 0.08~0.16. 0.09~0.19 mol-(m*s) !, VSFCWs H143 51K
0.29~0.46. 0.13~0.36. 0.07~0.34. 0.10~0.26 mol-(m*s)", 7FEZ VSFCWs &AL FIH P21 fL S 5
F 5T HSFCWs (P<0.05). HSFCWs 1 CK £, Cu#l. PiAR4H . Yk R+Cu 4P MR EH
SN 1.94~8.30, 1.74~6.82. 0.70~5.09. 0.83~5.50 umol-mol™', VSFCWs H/35l 2 1.76~9.12. 1.16~8.28 .
0.71~8.64. 0.94~7.35 umol'mol', VSFCWs /=25 iZE M H% HAE R HIE ZF e T HSFCWs,  TERKRFIA-
BN . HSFCWs 1 CK 41, Cu 4., JiAERA . HiAER+Cu 41 EMIN] CO, WeEZ= - FHE 77
A 206.16~460.53 . 251.93~465.69. 268.82~575.96. 253.42~557.20 mmol-(m?>-s)', VSFCWs H 43 %]
259.12~429.40. 261.30~427.78. 278.98~429.51, 259.35~435.10 mmol-(m*s) . P MDEAVEFERIEZE
WAL AR L, AR AL ERZES R MR LY RIE . EREE T, LRI, BN
Jfle] CO, MeEERlmI IR L S HAC AAE R R, BRRIE . BRI Lm0

5 CK4IMH L, HSFCWs ' Cudl, HiAEZRA . bk R +Cu 4l 36 M A 3 R A8 40 Wil AR T
0.2%~25.6% . 16.9%~64.8% F1 11.0%~73.8%, PiAER+Co HEHF R 4 NFWHEFINT CK4
(P<0.05), P ZAXEOCEBRIHITRT Cudl, CuRAbSSEOLEHEE T, HYS CK 4k
FEEXEST (P>0.05), TEPIAEZED Cu UVEIT, VSFCWs i Cu ., HidE4 . Hid:E+Cu P EMELE
TR A IS AR A, Hoh Cu L R T 14.3%~262%, HiAEZH T T 15.29%~453%, Hik
FHCu A TR T 19.3%~85.5%, 5 HSFCWs HitAz 2 +Cu 2—H¢, VSFCWs HiiAzZ+Cu 450t
BOREAR. SEOLEHERARLL, EHUAERD Cu FET, PEERL R FZEs R IR R R
K, (HJER MR (P>0.05), WA TIRHEA &AL =5 ] CO, WREETCH 22 4 .
3 TWig
3.1 IMEEM Cu ITERA LIS HIEFIR A0

TREABRSERE KB 2 FER A TIBHZE T T . H. Bk & 441217, VSFCWs [ =5ARPR 561
MR I A= T HSFCWs, 6] VSFCWs i 38 E s P B R . 2 FiEi A TiHb kK
Jo AR K 309 W ) 2% R 26 B VSFCWs % NH,-N. TN Hl TP {9 2= % 2 i 2 & T HSFCWs, 34 5 23 51 Ky
21.3%~40.9% . 16.4%~24.5% F1 16.7%~30.8%, VSFCWs X} 3i 5% & 7K EL A 0 U 14 1% F 4b 39 Pk R U9,
ZENG %50V B3, SR TR AR m i A TRt A b, 6 B T8 % COD fi. TN Al
TP AP, T BRI TIR 8 i D D RESE PR U4 . B 40 B D RS AN 3 DA ) A A PR ik |
R BFERYERR. VSFCWs lTH A L Fal A R LR shik e, 5K IE K shigni s 3AaeaRsh
MHABHERMEZ, KX — Rt B2 i TR N &R AR, AR =
BRI ERS, VSFCWs HKift R AFRYE S Ga e 1 s d et vt e s vk T HSFCWs YR A
Z—s

HSFCWs il VSFCWs H P S5 AR s 38N 4R i 2 oim TARARPR 398, ULRHARPR -3 S s P T o
RHAFR FIRSE R IAE AR 2R 0T LR AR R E b, I ELARBR - K B 1 0 2 = T aRAR PR 35
FEYIRR R LA, T EL AT LAREIOR 2R 3004, (A AR B - 330 E o 5 2 sz BAR oA
BRI (eI I AR PR A S A PSR B (RS . BUAE B Cu BAT AR ST, X3l
REF=AEPIHIRON . 2= BHERSED F9E R IR i g (SDZ) sl el Cu EA1ERTT, 7€ 60 d Ki3Ei
W, TIPSR ISR, PRI, LUCAS S5 i@ ) H3Eh i i R S iE A &R
RIVAE R ZREE R . SR . AR HRCREIR. S K idEdt A2 Cu Hhalss &2 410
18X HSFCW Il VSFCWs P25 ARBRATEAR PR 1 Il S gt RSz, HiAEZR M Cu MRS IamfifE
Ffai, TRk Al Cu ke . FEHTAZM Cu L EHSE MR TR TG Y
ZBRACR, FEARMSE R HSFCW Al VSFCWs 1, A BTA: R Cu BIALBELLIXT TOC, NH,-N., TN Al
TP (EY LML T CK A FIE T 3.7%~15.9% . 3.8%~23.1%. 3.1%~17.9% #1 1.8%~8.1%, & T
HSFCW F1 VSFCWs %f TOC HJZ<F%. VSFCWs X TP FUZBRsh, 4 EA B2 s,
3.2 AEEM Cu MERALEAEE A SIERRS

RN TIRH K Pt A= A Cu Al A AR AR R A I SRR S e E A BRI 4, Mkt
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AEFEM Cu MR R B — BRIy, AMUSIIHIEYIAE R, Sl A4 2 Bt . ISR PE
G CHI SAE A E A ERR AR, KPR AP A Cu AU HSFCWs 1l VSFCWs 11
S A A ER, i ERE M T AR AR R R DA ER . 5 CK ML, TEPUER A Cu AT,
TR TR R 2R RIS, TR BT CK 4, MR it e iR B BN T CK 4, SIS
FERZEIE AN LT CK 4RI GA A0S AR WY C A VERIAKT, SALSEEREE et /1Y
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Effects of antibiotics and copper in swine wastewater on soil respiration and
reed photosynthesis in subsurface flow constructed wetlands

ZHANG Jialiang, YANG Sheng, TANG Zhu, YANG Xinping"
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*Corresponding author, E-mail: xpyang@njau.edu.cn

Abstract In order to investigate the effects of antibiotics and heavy metals in swine wastewater on soil
microorganisms and plant growth in subsurface flow constructed wetlands, horizontal subsurface flow
constructed wetlands and vertical subsurface flow constructed wetlands were established, and ‘root bag’ method
was used to distinguish rhizosphere and non-rhizosphere soil of reed. According to influent difference, four
treatment groups in each kind of wetland were set as follows: the simulated swine wastewater as influent (CK
group), swine wastewater added with antibiotics (antibiotics group), swine wastewater added with copper (Cu
group), and swine wastewater added with antibiotics and Cu (antibiotics+Cu group). Soil respiration and reed
photosynthesis indexes of two kinds of subsurface flow constructed wetlands were monitored for one year. The
results showed that the addition of 18.3~39.1 ug-L™" antibiotics or 1.2 mg-L™" copper in swine wastewater could
inhibit the respiration of rhizosphere and non-rhizosphere soil, and photosynthesis of reed in wetland. Compared
with CK group, under the combined stress of antibiotics and Cu, rhizosphere soil respiration decreased by
20.4%~66.3% and 20.8%~77.5%, respectively, while non-rhizosphere soil respiration decreased by
30.4%~71.0% and 23.2%~60.7%, respectively. The reed rhizosphere and non-rhizosphere soil respiration in
vertical subsurface flow constructed wetland was significantly higher than that in horizontal subsurface flow
constructed wetland in spring, summer and autumn. Under the combined stress of antibiotics and Cu, the reed
plant height of horizontal subsurface flow constructed wetland and vertical subsurface constructed wetland
decreased significantly compared with CK group at the later stage of operation. Compared with CK group, the
net photosynthetic rate of reed in horizontal subsurface flow constructed wetland and vertical subsurface
constructed wetland decreased by 11.0%~73.8% and 15.2%~45.3%, respectively, stomatal conductivity and
transpiration rate were also inhibited, while the intercellular CO, concentration of reed increased. Compared
with horizontal subsurface flow constructed wetland, vertical subsurface flow constructed wetland has a stronger
ability in advanced treatment of swine wastewater.

Keywords swine wastewater; subsurface flow constructed wetland; antibiotics; copper; soil respiration;
photosynthesis
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