B45% 2 Wl B % U R Vol.45, No.2
2024 F 4 A PROGRESS IN FISHERY SCIENCES Apr., 2024
DOI: 10.19663/j.i1ssn2095-9869.20231024002 http://www.yykxjz.cn/

FROY, HOON, AN, IRTRIE, DRRIR, 1RER, RESC, HIERE. WHEKFRIHRE KN TIEHAb R 58 X R e T 5 itk

JEARE. il BlaEiE R, 2024, 45(2): 82-95

LIQF, TIAN W J, SUN B, CHI S S, LUO Z J, XU A L, SONG Z W, CUI Z G. Research progress and perspect on constructed
wetlands treatment system for maricultural wastewater and its nitrogen removal process. Progress in Fishery Sciences, 2024, 45(2):

82-95

BkFEEKANLRMALERZNE
R EMRtRMERE

=T

EH?

2 G

wORER TR

REX? #EE'
(L. KRB IR B BFIEHT A A Rl TR R 0% IR 78
2. WEMTIEFE SR TR Ik 585

266071
266520)

ME  FAATEBHMAEBERAERKEARKNEANE, 4, REAEAT BN EELS
Z—o BREHFWHD A E N M ENS SN IABTEA TR ENRENEERERE, B 5
MARMEHEATRBARBMENE GHY, WERT —MREHANRMF %, BAREREKNE
B AR BR R (C/N) R E T b 26 A TR S ke o A0 SE 303 A A A L AHL L RIBE, A TR
BEAMA . A S (HRT), A 7 8 B E[(HLR) S A & 5 B ARG b A RA R, b
Se g AR AT R E A fE b, T LR B M B B R L ASUNEAA TR A 2 | ZE SR H AL
Tif 2 B4 B O . RE IR AR K A A R EAT S BOR B AN, AU R RSB AKA TR
W R E W R R AT T Rk AR R, DU R RN IE AR AN TR M R AL Fe i Lz AT

RERSF
K

hESEE X55 CEERIERE A

TR A iR K SR E A, KSR
C ok B R T 9 S 77l Z —(Wang et al, 2018),
o, AR ALY Bl T AR B R e T S R A AR
Sy B 5K SR R TR 22% , AL 7 i X 55
B TR AR 19.9 J7 hm? . {HLFifi 25 4 249 Th i 7K 5% 58 A B
R R, W KRB K T A i PR ) A7 3] ey B
Mo B, WKIRIEM RS A WERIE . ARk 3%
AR S e ALY . AR ISR EA

WAFEREA; ATEH; EWMA; WHRED; RIEFMED
SEHE  2095-9869(2024)02-0082-14

FA EYF(Sun et al, 2016); HYK, HEAKFEH AT
S TR, KA 22, G AR RI5 Y LAk,
VK SR B M AL 3T AR K I, B 32 U i A AR i
15K, V5 YR S . I, MK SRR
KT B A BEIR B HE AR JS A REHE T HE AL, W2
TR 32 900 3 B SR A B & A 9 e et TR S AR 3
ST R BT e (MRARANAE, 2019)
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FE. BATE B L Rk PRI ) R SR A5 (Valipour
etal, 2015), #) ZWHT =% . —=9i5/KAH |
5% whly AL B LA KooK 7R 35 I K AL B (Fu et al, 2019).
W N 0 AR SR T K 5 2 K B AR Wik B e B A
RAR IR AT AR A TR M) F BT 55 2 —,
SR KA i 2805 A O 1 e ) AN & R BUK A
B E B IR, TR EE NS XK AR RGN
AAMERI IR, A5 E ANZE ) (Chu et al, 2022).

HHAE KA, WK IR R K A S ik
AR AR S, T T KON T M 2 1) &b B BR
55 o ARSCEFXFIEK 258 B K N TRk a5 3R
PERMSEHL i ERAE 0 vk . BRI A Y L s TS
BORAE 4 A7, XK SRR KN TR A P R 55
e LI S AR i e A o it SR E A T 53R, DU A R
T KON T3 b 1) S B ds 47 R v TR 7K 5% 5 e 7K Ak B
BRI RS IR 5 S EE

1 wBAKALEMMEETN

N T 2 ph 6 T A ) A A= A (] 2 ) —
Fh A 475K A S AL FE T 72 (Shi et al, 2011), i Ko
YW | i ER L SRR R AR AL AR AT, A B
WO LA B A A= i 4 VR T, AT DA R Bk A
AY95 YL ¥ 5t (Parde et al, 2021; Shruthi et al, 2021).,
H A, 8532 W AN 08 A 1T N T3
TN TR AL, o, W N T b S 53 Sk ZKF 08 i
SRS

TERME A TR, sk I BT E 5 7K
3k, 3 A A R AT A e R T AR A R AR S T R A L
AR SELTE K 1Ak (Valipour et al, 2015), B4R,
FETH IR b 5 M ARR L VS AR, RIS RE IR
PR o 7KV IR E K A B AR ER DU B B, K
TRAESE T N ERIKE T at o (2, AR 7600 Hh P 5
L Bl B0 A AR S AR, AR AL T Bl A R UK
A, S AW E AL EE T 52 2 B i (Parde et al,
2021), T ELVE AR R A K X A0 43 e B 3 T R
AW A BINHR, 2E 0] LU BT A - A8 - DR AR
LRI, nEE AN TR LA IR ARCE, JFH
HARK Iyt g . 7 MU A2/ (Shruthi et al, 2021), K T
i — 20 B T ELVE N TR B A AR, Chen 45
(2022)38 32 PRI H N ER KA, T B 43 10 R T 0
WA TR, S X N T A Rl K 3758 B /K iR 47 4b
B, MHIXAE 60 cm X 2L JCHL % (total inorganic
nitrogen, TIN)#Y £ FRZ 0] LA F] 97.3%.,

AN, s Z RPN K o LIPS B AL, $2 05
KN TR MR AR Y 235 68 07 o ln, K 3 Lk im

IR R R AL, T LK 3 A AR 1 R itk
YEFRRE IR G, 270 & G0 2 1R 1 1B A 3L BE (Yazdani
etal, 2019); AR, XK IR IR K f# E(DO)
ErE R, RATRRK 2 R EWRA S, WK
S TR BTN TR M, U 1 N M PN S s ]
K, I Bl DI B S8~ - R A il A L R AN W AR
R LR A, I, e isaeEm, A
BCRTELT  FRATHT AR FH 2 A 1 B T T Hh Ak 3
MK FRIH K, BUS T RAF A R BRSO (B 445, 2021,
FE/NLEE, 20215 86 AT K45, 2022).

2 ERpyiEE

HE AR S v KON T3 09 S 2H AR 70, TR
J7 i KA B B S, DU 5 Al LA S A it £R
MR, MRS A/ FEA T BG40 ek, 26
AT DAAE G TR B S P 200 T B A 20 T 25 SRR B L
Y A, REROK PR EOCR s FRR, ERar Sk
AR B g K P B R A 2 R A BT W B A
s fea, FRLedk R DI SRR IR, et 53R I
i P B 2 A o 4R 0 H 1 AR 5 el i 1 R PR
PSSR TR o

2.1 E G ARy % B AL

SR S5 X LA T B AE DA B A A 0 P ) A =2
FIFE T B B 1 A2 25 R RN L R A% . FLBRR | E
FETAH | 2 MRS B 8 BIPE B B 5200, A [ b e i
JORORT P R B 5 2 S Rk, PR L kIl AR
D45 P08 2 A EAT AT R W BRSO, X 2 S P W B
FEI T 7E 2~1 700 mg/kg (RAfE 55, 2021), Bl % W B 5
SN 9 L R (SR RN s AN S PR LT S
PRI, 70 S T 35 S O o 2% o 18 TR s, 3 7 56 3 L i i
87 o W B 5 ik U B ) A R I R e ) 2 P
Fx—, HET, WK O TN 5 5 W R A e P fE
T BT HL R o (R BT 58 3R AR /D o B T 35 S AR B 114 W o
YERT, e i L 3R AR 2 o BRI 4R ik T 2 1
W& T, Mmidtm A ERE . Beah, R/, 3
J R e AR K . EREE A TR INE1T, /b
(A FLBR R 5 it B3 S0 N 1 2, DA T AT b ) 2o 97
fie 1 M = (Yang et al, 2018), K, MK AT
T Ml 1R T IS LA PR AN ) 3 5 2 kAR KN, 3 2
SEE TR RO IRE KON T R SRR T L R AR R i
R

TR 7K 75 7K A g e A T e R R
i B R EE R E ., Zhou ZF(2021) ks T+
W BRA 3 PP ER A TR ik RE T
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Tab.1 Material, particle size, and embedding depth of common constructed marine wetlands substrates
b5 TR b A et FA = e _
sgfsﬁiﬁiﬁzted ﬁﬁﬁ Graijfigmeter Laiﬁigght S% 3
marine wetland Materials /mm ratio References
245 ER I HVFCW AP Coarse sand 1~5 A (2021); /NI
S Coal cinder 30~100 2:4:7  (2021); BAATEKEE(2022)
kA1 Gravel 50~150
B4 E I HVFCW ##b Fine sand 1~2 ik AT A 45(2020)
4IHE A1 Fine coral stone 10~30 3:4:4
I A1 Coarse coral stone 30~50
E 4T H I HVFCW 41t Fine sand 1~2 RARFE(2019)
47 Coal cinder 20~40 —
W £ Coral stone 30~50
AT E I HVFCW 4Hf) Fine sand <3 FHiH%(2017)
1% A1 Roseite 1~5
I A1 Fine coral stone 2~6 2133313
ML A7 Coarse coral stone 5~10
AT HVFCW 4H%> Fine sand 0~2 Ik %(2012)
1% £7 Roseite 1~4
B bW Blast furnace slag 5~20 1:4:2:2
A1 Zeolite 20~40
kA1 Gravel 40~60
PR TR BB PS-VFCW 41D Fine sand 1~2 Chen %:(2022)
WA Zeolite 4~8
WA Zeolite 8~10 drlyelses
J 5047 Cobblestone 20~30
e FLIE IR VFCW P ki Ceramsite 3~5 Li %(2018a, b)
Fiki Ceramsite 5~8 6:5:4
J& IR A7 Cobblestone 30~50
T HV I VFCW it Sand F0.5 B Zydowicz Sousa %:(2011)
415 5¢ Crushed oyster shell 5~20
T HI R VFCW F&#i Ceramsite 3~5 3:3:1 Ma %(2021)
WA Zeolite 8~10
J& IR f7 Cobblestone 12~15

TE . FEPOM S 2w U 2o N TR [ B .

Note: The orders of substrate material and layer height ratio are all from top to bottom of constructed wetland.

WHFEERH, TEEim b T, R BAR Z AR
# o ST ABRA AL, IR R T AR PR
ANTE R RS PR e (ERAOOR UL, H AR R X
IR T3 M 8 J3 8 9 52 W) ) BIE ST AR o

2.2 FFBREFM R KBRS ALE

THTXT 183K F7 58 PR /K B DR AS /R A9 TRDA, k4% A 2%
B TR AR T A0 A RIAE Ay T 7 N T30 e ) B 7 e o 2
— MR TS LR . ARJE . R AR BRI

JE 559 B M T =4 A R Gk b A el . Hor
A=) e — P S R AR F 0 AE TG R BE T AR IR A
T ) & 5% 774 (Do Minh et al, 2020), JH Py 35 4 FL
Bgk, BA R HERER, AT LY 55 R E il
AR DR IR , 8 HAT B = e . RS ER
Y, B ) 20K 30068 FH A0 2 9 A mT DA 3 e W —
BT IR 3o e 3 2 M B (G RR T, TR 2 S5 3 s s Ak 1
1T(Zhou et al, 2019). BLAh, T Y5 = R RE
I, SR E LA, WmifedE Tase/E A &
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AT (Zhou et al, 2017). [RIE;, ZALMECHHAEY
&R THEZ I, AR TIE A YR (de
Rozari et al, 2018). A=W BTSN in 1 A 1 b il
HEYIRETR T A RN B, LA MRS L U E P AR 2
Hiw  Simpson I Shannon #8445 . 2 & T B i (Deng
etal, 2019; Ji et al, 2020),

R FHS 43 35 Jo ] DA B AL H R D T 3K Bl 9 77
SRS AR SR (A S, ] DL AR i v K SR R /KON T
HAIG C/N S50 T AR . AR N TR,
H LI I LR (FeSo)fE 3t , B Fe? R ST A1)
B O, FAk, MBI, SRS A 57 2
g fbid #E(Yang et al, 2017), b4, FEBERN TR
A S 1 [ Bh 2 7 L JR DR R SR A5G, itk — 2D 4
M7 SRR 25 o ITAESR, BRRAE K N T
B YRR RS W R Ve R e g N Aot i) E vy N
DATEPHM FA AL Fe*', BAME ARG Hy, M nf A
A OR sk B F= A A 37 Sk (Deng et al, 2020), Ma
SE(2021) MR U8 S 50 25 A TU2E W Bl i kAR R PR 2
UEBHER B B AR 2F 1 T KON T b v ) IR A0 4R
RIS A A R

3 MEREWRIHE

FE A SV KON T30 Ml Py T 2 2 BB 4, X ¥ 7K B
R CHAE R B T RUED N L o fb S 7EH
15K —E A S Y B WSO T A B Ak,
R &I, AR HLT AR 20 2, AR o i ) T
FI 4 A (Almeida et al, 2019), 4k, BT RSEAR,
FE AR N T3 b P 3 AR R SRR, R <A
ZUR SRS B AR R I 1) S BRI A SR R, AR A AR
BRIE A T 8L R AR PR AR 35 R G5 Fi i A 4R
P PRSE AR T A2 B 0 5, 3 T I s AR
FH 58 B2 (Sun et al, 2019), [AIE, AE AR 2 25 ) JA]
SRS I, X A U T LIAE SR S 3R SR Ak 4l
R R, DA T AR 2 S i AR AE FH 9 4T (W et al,
2017), FEHPIXTREAL . SR Ak R A W 1 R i T 2 5
Mg N T 1 P B AR R38R . 4N Song 45(2019) & B,
HERMEARGMHEL, M RZEHETF amoA . nirS,
nirK 1 nosz ZEhiSAk S fiF A3 PR 1 = B 25 O v
Du Q018 LK, SARMIEMPIALLL, FifE3E
N (Cannaindica L)Y & & 3 H i A\ TiR X S A
(total nitrogen, TN)I L BRBHEH T 10.35%., RABEF
Q019 IIFIT R, A FRREAR Y 1 K T8 Hh B
AW R AR R 2 B, 5 B0 NOs-N Al TN
) L BRACR N AR

TR KON T EL A 5 R BE AR A, =it R
AR ) A= A7 2 2 BN BR 1 o AR A SRR 0T [ 5 T3
MR ZR B 2% Fh 5L AT AU D) B8 A9 T A= 0 0 3% M T 2 R
PR 27 A W 2R o R R A I R Y T
) 2 4 v v KON T 3 b A AR 5 S P BB P 2 315
PRAEAE 99 7] DT 2 25 PR 58 v A7 176 2 Al 9 0 32 1) 5 —
A, WKFEIEROK I ER B — M T 20, Btk fEY)
i A IR T AR AE ALY, HAT, WK N T —
9 FHAE KA P [ 35 (Phragmites australis). 35 A% .
T4 7146 (Thalia dealbata) . 7K i (Scirpus validus) . 7 i
(Typha orientalis)% 1. VL/KHE#[ B 1 (Avicennia
marina) . Fkjili(Kandelia candel). #il {625 R4 Y
[ & FE (Iris tectorum) . 7 # % (Chrysopogon
zZizanioides) . 3% F-(Salicornia bigelovii), £hHifli%E
(Suaeda salsa) % 1 Ab B I 7K 37 5 7K (7 SR 45,
2023), PS5 (2015) i 4 He s 6 FhHE /KM 0 1) it &
fE &I, H 46 K% (Spartina alterniflora) 1% 25 Af LL7E
EEERT 15 B RAFAK, H, HAEKRA] LIAEHE
AR B TP AR B, AEERE KT 25 B B A
Keih o HR, T2 AR R A RE T, DA i i
T ORI K N T b B A VE RE R T SR A o [RIISE, AN ]
AL A0 % b BN BRI 2% P 7 P A T, R o)
S R GE A Y M A SRR ERAT Y, AR I
TEN T b g B b iy s AR T . 3R 1 845 T E A
AR Ve AR ON T b SR A 40 o 288 S HE I /UK
AE. IR L AR, e R 22 B0t Eh A ) %t 2 A R A
iR 1) 25 BRASCRAR LT, (B FUA B A K B RN 3% - X il
MR U 2 PR AR BT, F IR R R SRS sy, IRt
A I AT AR Z4G B AR K BRI % 1 T KON T3
Hb AT R o

4 RIBEAHEVHRRIELRE

R R, BMEfE s TR A0, A T
Y ST T 15% (Wei et al, 2019), 11 78 B4 &5
S TAE WS YR, YA A A 0 R AR B
HAEILF] 20%/4 47 (Li et al, 2015), Pk, #EY
BB NN TR R =2 o0k % . B il
My TFERA | 7 5 S 55 55 F A A S BRI P
BRI P AR AN DB B, 30 A S X Ak P A AR
AR TS E W K ISR A VR 2 3 & B,
T /KN TR AN R G0 DA, BT, AT
R P A T A 5 LR R 2 0 B T IR K N T
HiL o AT A A S A ON T R S AR A 4 A A 5T B LA
%o FEN TR A B R, DO S5 i ZUi Ak
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Tab.2 Plant selection and nitrogen removal efficiency in constructed marine wetlands
WK HEK F Y R it ERAE P B /m?) Nitrogen removal performance/% BT
Types of Types of aquaculture Salt-tolerant ( m o
Planting N _ _ References
constructed products plants densi TN  NH,;-N NO,-N NO;-N
. ensity 3
marine wetland
V=N N @u H S 0/ &
A EER 91‘ ¥ Paralichthys Eﬂiﬂé% 60 85.9 08 o8 o /N R 2
HVFCW olivaceus S alterniflora (2021)
(= AS Mo il i Se. e =R
HeZHMER TP olivacess  HAEAE 160 926 9.6 999 932 AEE
HVFCW S. alterniflora (2019)
TN IE S FEEW /B Epinephelu  H ALK B ATk S5
(ffi Two_stage SSp. S. alterniflora 120~150 78.36 94.49 i 92.1 (2022)
HVFCW
B JARZLROEHS HAEAK ) Zydowicz
VFCW Litopenaeus S alterniflora 18 (kg/m?) 51 82 75 35  Sousa &
vannamei (2011)
T B N T A UK K Eh Mo %E H{EA#(2018)
VECW Synthetic S. salsa — 90.8 — — —
wastewater
I i fi MR SE Fish and  #§3% 7 S. bigelovii , Webb 24
. . DIN:
HFCW shrimp mixed 90 98.2 91~100 90~100 98  (2012)
culture wastewater '
EAEMEBN  KEEH "2 P. australis DIN: G 5
HVFCW Scophthalmus 64 s36 5499 60.92 3842 (2017)
maxi mus '
(= IPAS Yk V2 VAN e PHEE i Ve Hk 4
EATEHET AT A Synthetic 243 P. australis 43 4708 72.83 5327  28.47 i i Ik 5
HVFCW wastewater (2012)
KPR #F Shrimp AR LR i A5 (2012)
11 —  64.3~724 — —
HFCW K. candel
KL T iy TR Lymbery %
HFCW Oncorhynchus Distichlis spicata L. — 87.7 91.5 96 96  (2013)
mykiss

T R AN RE A SCHR S I A 1F T I SAPERES B, DIN A UL A S i
Note: The nitrogen removal performance in the table is the overall performance parameter under the experimental
conditions in the literature. DIN represents the dissolved inorganic nitrogen content.

YA MR ENRE M) — A EE AT N MY A
o, B W 0 0943 2408 (Wang et al, 2021), A Ti@H
o R DO AR R, AR T U S Y e A K
B o AL B rp, 2 SeAE I AR T
fitd 120 J (Nitrosomonas sp. )45 24 .1k 41 15 (AOB) Fll
T (AOA) AL N Vil iR £k (Tang et al, 2020), Z H 0
AR IE amoA B Y MR R I X 28 1 19 4 T
0o U AF R ER 7 W A R £k 421k B (NOB) I /T F 481k
FASERER . AN TR F UL NOB iy fil £k 12 B
(Nitrospira) i £k T 5 (Nitrobacter) , 58 i 2 3V i iR
R E AL B (NXR), HAmGFE N nxr AB 5 B ok
A6 7 2 S AL 3L B (Yang et al, 2020)., 7EA TR
b4k 35 S R FE Sl 0.34~550 mg/L B, AOB 7E &%

fht Pl = S/ (L et al, 2018), WF5ERW, 7276
W AOA WA AR A LM M), Wik, 7E
T KON T8 M A B e 6 | IS 7R R TRk SR FE e K 1)
Wi, AOA MfEHIAZ Z M (Konneke et al, 2005).
AN TIRHIE)Z 1 DO XA, A F T IR A A
MERAMEYHAERKREN ., ARAZAALE
(AnAOB) 5 1Y R & & E Ak W (anammox) 1] DL TE TR
AT, DEA R . S A A2,
S B SRR IV AiE 2 [R) A6 W B 994 B N, (Huang et al,
2022)., Harhangi Z5(2012)F5¢ &M, F FHIB & A Wi
LA hasA AT LUK H A EL 0 BT IR AR 2 A AR T -
PEfRIE, 7E 0.5~1.0 AU C/N B, AnAOB X} i &
TIHRHC i (Takekawa et al, 2014), L, XFFigKFE
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FAEK, RAZE A RO RE SRR Z — ¥
PRAGFACRR G LA EOR | ke A% ge i w9 Be U 1k
N 26 1k 78 AR BT A IR ER B B, BRI R A AL H R
(Hausherr et al, 2022), B{# R R A 2 A AL A i iH A
AL A 8% AnAOB FIH, RIERs gL T2
(Cao et al, 2013), NAT LIA PR A 2 A AL PE AL 2 1y H
T2, AT LT IR RS, BRI 1T A o

TE N BRSO Ak S0 FTE il 2
£ 5L )5 R 2 (DNRA) M A B5e i ad . B
e R, RS PRER B LA I Ny BSR4,
A RE I AR B & i 2 o B SR AR AE T Y 4a 7
PR L TiGe LU R 5 1R & (Pseudomonas) |
ZEAT R (Bacillus) . Bl EK 14 J& (Paracoccus) % & 1)
BN 3, R PR B (Halomonas) . A 75 47 i &
(Nitrincola) Fl Jk 7 5. Jifd 1 J& (Oceanimonas) % J& 1) 41
H 25 5 kit 2 (Pan et al, 2020). SCASLH K
B = 2 ) i 5 DR i PR R 30 Dt il 25 PR (nar ) | I FilS 72
W FEEEFEFE (nirS 2% nirkK), —FAL AW R R A
(norzZ B norvw), — &k & R G K (nosz) 45
(Orellana et al, 2018), FHriv, L5EM I AsfL IS EIR
RS T SR AR T e 3 A AR SR B TR R &
M, A RAEAIR L T SIS TR AR, ST KA B AR
Bt v A [R) — 52 I 3 v e s Ak R B e Ak B AL T AT R
(ZERKITAE, 2019), BEAh, TF A T3 Hb AR 5 r
i, FHTCHE R AEA, 7T LIRS 3 57 (Chu
et al, 2022; Yang et al, 2017). & F 77 (29 Bk 4%,
2022). %k 3% (Pang et al, 2021)%% [ 5 K i ki 72
IM7E DNRA i v, WAHERER A JF o4, 1Tl 4
HABGIAE YA KA, N 55285 B 7E R 55 (Burgin et al,
2007). A B i i H (Desulfuromonadales) H 1) 2% [G &
J& (Thauera) . & & Jifd i (Hydrogenophaga) . 7 FL G
J& (Shewanella) F1 1 #T 1 J& (Geobacter ) 14 41l T J2: 4K 2
DNRA %A HE Y . DNRA 33 P bl 4 i (1% C
Vi 12 5 340 )5 il (coNIR) T 3K 3y, nrfA 38 A
Fric U fig & K (Papaspyrou et al, 2014; Welsh et al,
2014) .38 F RS LAl DNRA 2 IL77 6, i DNRA
AP L DR S S A A AR R B T sy R, 52X
PRDSE G HL A LR A E o DO RER), A
P2y, DNRA HATE C: NOs-N > 12 B &4 T
A A LAk % 4 (Tang et al, 2020).

AR, FET5 KA e BT AT DK U
N EB R 52 22 A AT (comammox), FTH 1 T
A AR P B AL S A% SE N AT (Luo et al, 2022),
XRTBRRE ™ A 2 A ALl , g A4 WA IR ik
DR, ATk ST 56 B B R AR e AL, B TR RS R

SR () A AL R T & (Nitrospira) , T LA ] — %
G RIE AN R A RGN B AR 4
i.(Zhao et al, 2019), Comammox E. A & 4214 .
W5R R, Comammox 51545 Wl AL AE 4 nT L) 3t
14, (BAFTEXT Y B 35 4 . Comammox X4 2 1 55
118 B (Kits et al, 2017), 7EARE A BT,
Comammox ] Ll 5% 4+t AOA #1 AOB. [&] A,
Comammox J ¥ZF1ET Nitrospira i & [ /1, KM
VAl iR h ¥k FE X Comammox 3 J& A F f¥) (Maixner
et al, 2006), K1, Comammox fiE 5 UMb iE L i 7K 557
PR SEE SR, WG A AL 2, FEIREE
WA BEARARLAS . I8/ i 2 AR (NLO)HE I 55 7 T L
A —E I HFE 7. ek, Comammox X DO #HH
A = 1) 3E ) (Costa et al, 2006), B iE 4 761K DO
THTF., van Kessel Z£(2015)WF55 %, Comammox
5 Anammox 1] ITESRE S T AR TE K 2 ) LR
A L, EMEKON TP s W R E b, mr
AEAF7E Comammox 5 A T asfb/E - B4,
Bt — I IE .

Bifi 5 R BE A, N TR 2 Al R A
MUE R R B R (Fu et al, 2019; Wang et al,
2021), FJ5 R AT g 2 e kA% i an A ] 1 s A
DIRETA A KRS M, AT R A B A REAE M K N T
H P ARG T ok, HREEM(Fuetal, 2019), Hit,
Vi KON T b v %) B 0 A 2 A R T A A
MEEARE S, Wang 2E(2021D)F5E T A T 5913k
HEWIRETE X R A R, S5 RER, TR TR 4
M AN F R B R R BN Rl A2 Ak, B SO ALEh RE ) —
SO (AN AT AR Arthrobacter sp )75 $hii b %
FEHBMT MR, HERILZ4N, By, X
T HIE KON TR b AU B B S A 2
Wo PRBE, fRAT DA H X 26 435 A 28 2 H R Nk
AR B B K SR E B KON TR R 58 9 1 A A
B Ak 2 W S OGS T fig B IR EA T IR A B 5, B AR
ST BT AT

5 Bk ALBHAIEITEE
5.1 #EkERE L &AM mERiE

SHABKABL, WK FREE KR 5
HL, CNAL, ANFIFRAEY R RAEVER, ik
& T AN TR HXF NO3-N 2 BRAL % (Fu et al, 2017).
P, 45K Y C/N<3.4 0, gkt Bt s
R YR AN 11T 52 240 il (Meng et al, 2015), ASvKvKSE
(2020)F 1 AO/MBBR Jxz Jij #i¢ 4b BE V7K 37 58 IR /K I %
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B, C/NH 12 % 1 g, &%k, WaiRER
AL ST G P AN Z B2 T SRS AR AR C/N < 5 I
22 B, S8 NOs-N FUE™ &, i, nJLIfE
N BT PN B 5 ) MR TN 3-SR 15T N S S )
PRV U5 5 i 2R L ISR, DT 3 B0 BEASCR N AE
M H AN i A, W44 s B A B
AFAE K5 S 1 KUBS: (425755, 2007) .

AN, ] DU B ARG IR . ks R AR Bk
(Chu et al, 2022; Xu et al, 2021)/E Ay A T 1 b JiE 5 3
AR HERR H 3R A ALY &R, 50E R o 1 G Rk
TR C MR N ER(PCL) . R FLMR(PLA)% (Wang et al,
2016; Xiong et al, 2019), {HJ&, FEFELKH 1 A IR
A SN 2 = A i R AR B =4, i N TR AW A =,
MELLSCELT 2 B o ARk, RO S ROk R
17 RS AR . HOK A = A B MR8 5 AT DLAE A AR
IR A, JE A M AN s U A AF 9% #4005 . Yuan
ZE(2020)F A B AE M N T 1B A 3L R SEA T 5T, %
TR H A BB TR UK K v fE
Hi TN LR FELE 61.94%~74.4%,, HH 2K
A it R A 300 T NS BB ZE S T, AN G0 B
MERRAE S AR P e U5 A 5 38— A i b P 2R A T TRAR
FRRRAC PR . BRALFE . FRITAF), SMINARYIR R AR
S — P T R (RIBAE, 2021). Li SF (2019485 T4
T KB A Ry AR A B R TR K R 1) B YRR R R G
B TR TR ) A E i . SCge R, &
NaOH 4b 5 /4 T KA b T 2 A0 BEAY 5 K81 1
K Hp e B HE R AR R 5 [ R I KA
SEQRHL K COD i, AR R AT 22 5K
SR TR W A AL RE 7 o s 20 WAL B Y 0K
NI BRI E N T b b 5 H i SR
FRFRI ALY R E AL RE S, HOR X FRor =UnT LR
TSR IR A BN, PRk B R

(] s, N T30 A A 2 1) 080 5 1t Y e i 1
Z—, SAMIEFEYIM LRI T RN, 5
M7 OBE T, R (2022) %t T 6 R MR
BB R RS R JE R AT T RO AR S, RN L
. Fifk(Miscanthus lutarioriparius)&: £ /K #i #) A~ H
TR R &, i H AR R 2D, 3 A1 R IR A Ak
TR INFERE . Gu 55(2021)F) FH #5 B 7 (Iris pseudacorus
L) & V% Wy A v i T8 A BB RDUIR C/N ki s
JKALFRT K, & BN T35 b S 0 B 0 75 4
AR ERRAE S35 796.20~1 278.90 mg N/(m?*-d"), {H
PU_E AT R SR K N T3RR3R K HE KA ) ol T
EhrE2E, FEK N TR ARG A, Mk, X

98 KON T M 4 s 57 AR [T 4 Bl DR A i 288 R0 7
RORA Fritt— 5T

52 RBREniEE

S fift BE R ) N T3 B R Y — S S B TR
R, SRR R A A0 BN S A A R B A A K ST
FH, 702 09 AURT DA3E S (R R A Ak SO I S I NH-N
FEERR, —IA N, 2 DO 24 1.5 mg/L i}, fiifk
Yk a] LA A1) 3747 (Vymazal, 2007; Ye et al, 2009).,
{HAGT A BRI S T R RE(Li et al, 2014), [F]
B, A SR B v S R S Al A B g T R B IR AR R
Be, ITTREAR TN £ BRACRIFHE Il %= <K N,O m9HE
Jit fE(Fan et al, 2013). b4k, DO i & iR S5 A
BURR (¥R BE , [R] 4252 M S il A6 A FH (Parde et al, 2021).
L, b T S E AR, IR RS B 1 B SR 4R
WBE, AR — P AR AR

XPHE K FRFE KR, R T AR IR P 1 1 1 75
B S HE AT, 5] A0 LA X IR 37 B 3 7 IR
7~8 mg/L i DO (XI¥ESE, 2020), WK F75E /K8 %
W HEAH RN DO, HIt, 7R N T A R
R FE I, 7RI S i 2k 4 25 53k DO
Tt R, T R R e BB A DU T LA T s R 3 s — b g
B I SR B S IR BE , 43 ) A a0 2 S A R e 40 S i
EAVERT o SRIEMESE (201 IF 5T BT, FE 7K J145% B Bt [i]
Jy3d AENL T, XF NH;-N. TN #il COD 2R R4
HAE M TR R G5 E T 74.1%. 56.4%7F1
18.1% ., Feng %5 (2020)ffF 5% &K ¥, PR+5E K 2 h
1.0 L/min B[R] BRALE T LA BN TIB ML E & F: 5K
KA B BEAR RO o BB Ak, EHOHISE(2017)/F5EE M,
0 3R] Bk K T 4 s R A T LR KON TR M R
Zi% NH;-N. NO;-N F1 DIN fEBRHR, 2—Ffaak
P RGREFB, HAMAELREE MR 12 h i
o ELl

P O T AL R A s A T T s ) At AR R 4R
i, UL RGN F 2 R AR, BARANT
TR M 2R G R AR 1) K R it o Lk e g F B i 1
FAXI 508 R G W I, i B RS XK N T
T b R R LG . oA AT AR i R
T i3 S I R 1 T B R N 56 2R i AN TE A, TR
AN ERE T B A/ HALEE, i L, KON TR
3G A WA AE T R i S i 2 T 58 R s Ak
Ik R 1 G S A A TR B M S B AR AR S A Ak
TSR R AR A A TR, A i A = e oy R X
SR ER, A fRiE— PR TT .
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53 IKNEHSEIAE

MK N TR 7K F1 38 17 25 0 O R AU R B
AHEEZW ., KA HLR)E R, 2SR
YL R B BE T FRAG, HE /NS HLR )55 (i 3 i b
7, WAL TRETESE, 2022), KIjEHE
B[] (HRT) 5 N T30 b A R v 1 4 8 B R G
T b R B A IR W B TR R B K
) HRT, £ N TRt B rp, i Z R R
57K 2 8] 7853 #9422 fk 5t 7] (Saeed et al, 2012), {Hid
f A HRT 38 5 23 i 5 7 Py 3 s IR T AR AT K X
SO 2R TR b i 235 PEfE , Rt 2ot il
AR, BEWAT . TEEQ021)XF A TR At
PR IK F 6F IR0 KA 2 B, TCAHLA ) 25 bR R B &
HLR RY3GIREAL, Mk HRT B3R, JTEHLA .
Witk . COD 4 B g BN BRI FEPT s . ARSI
WA, AN TR R S A3 6 5758 e /K, HLR
20 m¥d, HRT 3 4.5 h i A[S280 DIN, PO, -P #ll
COD [RFRHERL o /N WLEF (2021 R RE A &2 A 2 B
TRV KON T 92 b BE 2F 6E AR EZK , BIFSE HLR X H:
REFRACR R, & PLAE HLR K 0.50 m’/d B, A
B EBRZE N 49.50%; 7E 0.10 m’/d i, TN EBFEFRA
# 85.90%, A TiRHb I 47ih7E = HLR 4% N5~
AR ER AR ER AR B R, $R B FalE 7K 11
SRR N TR V53 RE e 2 — .

JAMREQO2DIF I Z L, AN IRk S 514
Xof FE 0 A A At LA S R, R T T AR 0 )
HALROR o Hor ARG R R T R ) A K ) 3R B
KIHEZ —, FFFEQO10)IFFE T A G b = 25 1)
A RORIL SRR R, 5030, P35 AR 5 L L
I SAKIRER L, PSR R SRR IE L, #3a
SE(2017)%F &7 A3 A AE I b Y 5 R AEAS
KRN ) TN RBRFCR AT 75T, RIAE L5
Bl ZK IR 40 em Ab 5 FPAEY TN A AL R0 3 5 AN
WK 20 em, 10 em 4b o 7K N TV 30 A i Eh A 4
114 A R R R RCER S K TR [RIRE LA AR e, (2 Xt
T KRR BT T K RN i R AE 4 1 52 A R dE—
HA5E

6 .%ngl—igtzé
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Abstract In the process of mariculture, a large number of toxic and harmful substances such as
organic matter, ammonia, and nitrite are produced during the metabolism of cultured organisms and the
decomposition of feed residuals. If such maricultural wastewater is discharged without purification
treatment, it will aggravate the occurrence of eutrophication in the receiving sea area. Constructed
wetlands (CW) have received widespread attention due to their low operating costs, simple maintenance,
and management advantages. Using CW to treat maricultural wastewater has great prospects. Nitrogen
removal is one of the main tasks of constructed wetlands. The characteristics of high salinity and low C/N
of maricultural wastewater result in the unique treatment environment and operating mechanism of CW.
The substrate can adsorb nitrogen in the constructed wetlands, and nitrogen-cycling microorganisms such
as nitrifying bacteria and denitrifying bacteria can attach to the surface to form biofilms. The selection of
suitable substrate materials, in addition to zeolite, cinder, sand, and other commonly used water
purification materials, can strengthen water purification. Given the low C/N characteristics of maricultural
wastewater, materials with slow-release carbon sources can be selected as the filling substrate of
constructed marine wetlands. For example, biological carbon sources such as corncob and wood chips,
and polymer materials such as PCL and PLC, have recently been used as substrates to fill constructed
wetlands and release carbon sources. Meanwhile, substrates that can drive the autotrophic denitrification
process of microorganisms such as sulfur autotrophic, hydrogen autotrophic, and iron autotrophic have
also been used as a solution. Plants are an important component of constructed marine wetlands,
supporting nitrogen removal in four aspects: Nitrogen absorption, oxygen transport, carbon source
secretion, and root enrichment of microorganisms. The high salinity environment determines that the
wetland plants should be salt-tolerant, and the screening of salt-tolerant plants is a key step in constructed
marine wetlands. Currently, Spartina alterniflora, Suaeda salsa, Salicornia bigelovii, Kandelia candel,
and similar plants are chosen as candidate plants for constructed marine wetlands. The selection of plants
should also consider local conditions, choosing salt-tolerant plants suitable for growing in the local
environment. The nitrogen cycle of microorganisms is the main path of biological nitrogen removal in
CWs. Various nitrogen-metabolizing bacteria cooperate and restrict each other in CWs, including
autotrophic and heterotrophic bacteria, as well as aerobic and anaerobic bacteria. In the process of
nitrogen removal in constructed wetlands, dissolved oxygen (DO) is an important environmental factor
affecting the distribution and functioning of nitrogen-removing microorganisms. The relatively high DO
in the upper layer of the constructed wetland favors the growth and reproduction of aerobic
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microorganisms, promoting the traditional nitrification process dominated by AOA, AOB, and NOB. The
relatively low DO in the bottom layer is more conducive to the growth and colonization of anoxic and
anaerobic microorganisms, favoring anaerobic denitrification, Anammox, and DNRA. The occurrence of
Comammox can be driven under low nutrient and low oxygen conditions. These bacteria with nitrogen
metabolism functions are distributed in different areas, cooperating and restricting each other, forming a
complex nitrogen cycle network. Clarifying the basic path of the nitrogen cycle in seawater constructed
wetlands is the fundamental basis for regulating the operating parameters of constructed wetlands. The
low C/N of mariculture wastewater is not favorable for denitrification by microorganisms. Carbon sources
can be supplemented with additional liquid carbon sources, solid carbon sources, and plant litter. DO is
the key control index of constructed marine wetlands. The dissolved oxygen content in constructed
wetlands is significantly correlated with the community composition of denitrification microorganisms.
Therefore, oxygen supply regulation modes, such as continuous aeration, intermittent aeration, and tidal
flow, may be effective measures for mariculture wastewater constructed wetlands to improve the overall
nitrogen removal performance of wetlands. Accurate regulation of the oxygen supply mode and oxygen
supply in constructed wetlands and optimization of dissolved oxygen distribution in different times and
spaces within the system are the development trends of nitrogen removal technology in constructed
wetlands in the future. The hydraulic operation conditions of CW play an important role in its nitrogen
removal effect. Too high or too low indices will affect the efficiency of nitrogen removal in wetlands.
Therefore, the optimal control values of hydraulic retention time (HRT), hydraulic loading rate (HLR),
and other hydraulic parameters of constructed wetlands also need to be studied. The hydraulic conditions
of constructed wetlands also have a significant impact on plant growth, affecting the purification
efficiency of plants. In this paper, recent research progress and perspectives on constructed wetlands for
the purification of maricultural wastewater and its biological nitrogen removal process were reviewed
from four aspects: Selection of substrate, screening of salt-tolerant plants, nitrogen cycling
microorganisms, and operation regulation. It is expected to provide a theoretical basis and support for
regulating the actual operation of maricultural wastewater constructed wetlands and improving the
technical level of maricultural wastewater treatment.

Key words Maricultural wastewater; Constructed wetlands; Biological nitrogen removal; Salt-tolerant

plants; Nitrogen cycling microorganism



