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IR R AR ADEE, I B b i R BRBUR . i
G M AT e L NIRLTS: D i a9 1 V==Y
IRA 25 B A R U0,

R, BOEFRIH KM LGy, #
NG E AR, I 2 S B8ROk R S E
FeAk, LA ICR O oy Rk AL B 1 2 bR
AR ST R AT T R R 1k
BN REZMIEA . MBI R Al 7,
EZFANL. THUER Z Ak, FE R
MR AW R AR TR A
Sest ARl N TR A B R e . AR —
HL E NS BB, I EUSCR & U T
P N L0R b A RE 5 55 1Y H BEFE AR o ART S,
R MG R AR A R, B RGP
00 N R K PN R ARSI, TR
R 3575 BRI 25 1) B H & A= ML B
A BB AR X [ 20 tay), FEAh
VP 2578 C ERRE R0 R BOR N 2K AR B A6
NN - T, Sl 010/ s S ST == P AR =
S [ F AR T 25 YK AR A A E 42T,
IS 7RI RS . (B H AT, KRR E R E
A7 2 F AR W T N TR o AW T B e A 5 ik
B,

AT 38 348 A 6 (Paralichthys olivaceous)
Fim KN TR R4, R PN ARER
PLREARCE AR ER R B R, JFEs& R
O EE R AN TR AR Y . BR S A Y)
B FRICX RGE WA B DT, B TERE R R
NIRRT 5 ALt 72, 1 BN T 4% BT
JAALER, T N TN H X Vg 7K 551 e 7K AL 2 B
FAR BIIEAL S A A B AR 4

1 #HEFE

1.1 FERERALRMAE

SEU AR F M & T BHOK A R E], Y
5545 dJ5 TP K 13.34 cm, T IERSLE .
TP MR EM )N 0.4 mx0.5 m (B
B), HRUAER 0.06 m®; WA SR A B4 1 26 4%,
R (70.12+9.80) g, A TiRHbE/KACBE RS DT
v, BAEERA TR RS UL AEK 3 4

HOCH R 1) ATHEHN 0.6 mx0.4 mx0.5 m
(KxTExm), ARAE 0.05 m*, N TR RE8
TG 38 B Al A 2 4 R DA 8 9 TR AT R AT
PIERsr, BN E LRUSEAII A 15 om (kife
3~5cm). S 15 cm CRiAE 2~4 cm). 4i#P 10 cm
(KL% 0.15~0.25 mm), THSFHE B ALK B (Spartina
alterniflora Loisel), 233k 30 #k/m?, S256 1 8] %f
HARR . IEM B R AT A, fRor i gh

J K 4 AT Py S T A Ak B S R A AR LB
o PIRIZTT RS 1 RS T AN TR R G
ARG, B B AKOK TR AR, T 1
AN H G A R AR e, KoK FifE bR A%
fae, WIESCIZETT RE I TR FRuE ML R
RATFRE AT B e . S ist TR RGE N K
5T pH 4 7.53~8.57 . i fi#A(DO)A 0.93~5.80 mg/L .
RN 20.3~24.1 'C, ERJEEMH 31.54~33.63,

FrREAH
aquaculture pond

K

sedimentation tank
S 55 N IRLTS: ¥ W) B
1-7 2 7 DK BURAE R
Fig. 1 Schematic diagram of marine constructed wetland
1-7 represent 7 sampling sites.

7K
retention tank

constructed wetland

1.2 REFIETT

SR LRI KPNO;s 197 2 S2 BiARIC
ALENTIRM RGP R R, IEUETT
i, &gitE1kiEit 1 d HTFHEE RENM IR
K, DA/D 2 R KR X SE IR 25 SR IR 255 . IR
Tt K 2 35, HHRE KR 100.00 Lo #4E
TSI A5 R B AR R &= R &K, K 816.80 mg
KNO; (H124F PN [ #IE4 120.00 mg)— U
AR (LR TR R R A BRA FD S, T2
B FRHE P IS AL, FTIHFOKEI R, REHR
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BB, SRR Z AR i 1R e 28 2 B 4% B HE
e KR F AR R, A SR A R K TE A
TRH . KRR R T B . TR
FHASEAR, BOE AWK Y 21 d, SCE
] 2 40 K [0 Wi 46 38 a2 17, AN E gtk . & H
10:00,17:00 & B 22 fE 4% MEPC & faDRE,  FRR 4% e o
M 12.54~19.16 g, FHFN 0.90%, % H 9:00 K
FE, R 50 m/L, PRIZKARIORE & 57K S A7 Lt
SN AL, B W R AR SR K, AN R R
M,
13 HmE&E

N TR RS I T4 5L 2 % B 177738 7
IR BT RAE S 1) REIBITRH 0. 1.3,
7. 14, 21 FOREFFEM . KM K45 R G 17~7"
(KRR P X i 2k T s BBURE 2500 R i 45 ik
JRIZ AT REE, REEALE N S1~S6 (K 2), H 0K
KR AT AT bz . BE S A
FERER, 307, 14 KREMDEFEM; 0. 3.
1421 KRS It fo A RE S T IS 5 TH 25
YRS HUE M N TR M R G N A AR, R
FHRUZE A A MU AR 2R B0 403 B 0, et 1
Je A TR

&
+ Ol s6 O F TrER
e 17
W OS2 S5 O .
O S3 S4 O
L KRB SRR

Bl 2 KN TR ERE SR
Fig. 2 Schematic diagram of sampling sites in
marine constructed wetland

1.4 REMZENE

WraYy . BT, AR BRAH R FAE AL ST
Je WP OB AR, ] — 3 B TR B 28 50 5 2 i (80
H). FI/H DELTA V Advantage 713 2 3% BT %
(isotope ratio mass spectrometer), EA-HT JLE 7
Hri¥ (elemental analyzer, Thermo Fisher Scientific,
Inc. Bremen, Germany)It4E N, LA & Herr PN 5
VNI R, TR 8PN (AL (%),
¥ NOs-N (1 PN/UN 5 brif i LLAR VA5 R

A 8N, 8N 1B [ A MR FE £ < 0.2%o0.
Ao 2 B 8N iyl s 7 = an A =X 1 Fr
N, AT% IR /A= 2 Fis:

15ng70, | Reean
5N (%o0) = |~ _1 %1000 )
Ry
AT% = 1t 100 )
Ry

2, 8N FORFE S AR, R FLAE R s S
Y P AR R HAE R s Z RN T-50 22, AT% 2
BT NN BT A3 B GRS ) e,
R wa nFE ST PN/UN LG, R w2 bR
H NN R AR, RIS SRR R AR A,
BAE R 17272,

JKAE: PN 4%k 42 B (mg/L)=AT%x Cno3x0.01%
15/(15+16%3)

R R . AR PN 4a xR (mg/g)=N%x
AT%x0.1
1.5 JRESBHEE

ARSI 6 KON T A B 2R 0 2R A I R ST
IER/AS W/

N1(100%) = Nin(%) + N(%) + Np(%) +

Ni(%) + Np(%) + No(%)

o, Ny TR A, Ny R E Y5 5 i A &
Ne e m AR U, N, 2 A W)
N, 28735 5 Jo R B A9 R0, N, 7 3% 288 £ I A 1)
Aok, No R KRR bR 2 A
1.6 HiELESSH

SR Origin2018 AR EI#ATEUR SIfE, R
SPSS 16.0 X #1722 A 96 AR S E 437 o

2 HRE5HMH

2.1 AEREEEESAEEZRAR

K N T A8 R 48 % NO3-N . NH;-N . NO,-N
FIAT i TCHLA(DIN) Y R BRASCR Q8] 3 firR, FR5H
M NO3-N # 4R B 4(0.26+0.02) mg/L, ¥RIN4A
[N R G A RGENEHRBIT 1 d, KK E
(0.74+ 0.04) mg/L, fif7Kith N NO5-N ¥ E =
(0.44+ 0.02) mg/L, £BFiK(40.55+1.79)%; TEH
izf7 7 d B, KN NO3-N HRJE R %(0.29+
0.02) mg/L, £RZIK(60.82+1.90)%; 54T 14 dif,



%54

FRGERN A5 FRFH /K ROT R AR K N TR b B A% 5% fhad e

587

fiti 7K 3t P NO3-N ¥ B T B °47(0.26+0.03) mg/L, A
TREHIXS NO3-N By EFRAT]iK(64.87+1.40)%; 1fF
Wizf7 21 d B, 7KKk NOs-N W B
(0.05+0.03) mg/L, ZFRFILHN(92.81+1.21)%, %
s SR EEAR . FRAE MR NHL-N ) 4R vk Bl
(2.08+0.07) mg/L, R GMEH 21T 1 d J5, #K
W FE 4 (3.83+0.04) mg/L, fifi /K PN NHy-N i~
F% %£(0.39+0.02) mg/L, 2B %A (89.87+1.43)%;
FEAEHEAT 7 d J5, K NHy-N IR E N
(1.63£0.07) mg/L, ZFR*iE(57.55£1.22)%; R4
BAT 14 d B, fEKIB N NH-N VB R R
(1.25£0.03) mg/L, A TiBHbX NH4-N 9 EBR%A
$(64.77£1.12)%; TEHE1T21 dJF, fEAKb KR
NH;-N ¥ Jif 2 (0.56+0.04) mg/L, 2% % ik 5|
(85.35+1.33)%, FZBRECRELS .

FRIA M T NOL-N W bRk 2 4(0.17+0.01) mg/L,
ZRZGEMWERizfr 1 d Jm, dEKHE R 023+
0.02) mg/L, fi5/Kih N NO>-N ¥ F [ % (0.06+

r -1 100
080 0 w0 WIAEUSE
nitrite nitrogen concentration
S8 064 = KBRE 180 &
%DE removal rate ‘T:
B 5 048 | . /i/ 160 &
X5 2
g 2032} / . 140
S b T T Jég:
£8 &
0.16 - 420
0 ./ / / 7220
0 1 7 14 21
A} [E]/d time
_ 025 7@

=]
%E 0.20 / 180 %
8 . N 1 s
g2 5l z WRHERIKEE , 6 &
w g O nitrite nitrogen concentration g
% g - R kK
g :’g" 0.10 H removal rate 440 %_
€5 &
BE 005 H {20 W

g

0 [T - 0
0 1 7 14 21
Fif[A]/d time
&l 3

0.01) mg/L, Z5E%iK(74.86£0.99)%; fE Hiafr7d
Ja, BRI NO-N Mk BT B 2 (9.30+1.11)x
10° mg/L, 2 & %3k (95.96+1.21)%; % %15 17
14 dBsf, fi#/K 3t PN NO2-N ¥ 2 T [k (1.80+0.92)x
10° mg/L, AT IBHIXS NOS-N 23545 5)(99.22+
1.23)%; fEHE1T 21 dJ5, Kb Kk NO,-N
W 4(0.02£0.01) mg/L, ZEBRFRIKF](93.27£1.21)%,
FBRACR A,

FRpE M DIN W) y(2.51+0.07) mg/L,
ZRGIEIRBITATE 1 d J5, HKIREE K (4.80+
0.04) mg/L, fi#i7KkithpA DIN ¥R TR 42(0.89+0.05) mg/L,
EBRFIR(81.54+1.43)%; TEMEIFETT 7d 5, filiK
LN DIN ¥ 4(1.93+0.05) mg/L, FFR1K(59.90+
1.20)%; REGLa1T 14 d Bf, fif/Kitl P DIN W E T
K%M (1.5120.04) mg/L, A TiZHi%} DIN [k
iKF(68.57£1.21)%; fE¥HizfT 21 dJ5, fiKihrh
KR DIN ¥ J¥ 4(0.63£0.04) mg/L, ZBRHR 5|
(86.88+1.43)%, FBREFELS

357  BRAEE - 100
g b nitrite nitrogen concentration
B = ERBRE
E£28r removal rate / 180 ‘§
98 E
2821 hS — 160 &
%% 14 H 140 %
E 07H w120 ¥
0 SONENANAINNANNNIN 0
0 1 7 14 21
A E]/d time
35 ¢ TCHLRAE 1 100
d nitrite nitrogen concentration
— %]3,%% Q
3 280 walme / 180 &
8 =
b >
EE21 — {60 2
B § = 8
£314 = w05
sz £
2a . =
0.7 190
0 : . 0
0 1 7 14 21
Fisf[E]/d time

AN T s i) B T K N T i SR B P A5 1 25 R 2 BRASCR

Fig. 3 Removal effect of NO;-N, NH:-N, NO>-N and DIN in culture pond of marine constructed wetland at different periods

22 AEERMEY ST SN EET LR
N TR M A7 3 A A7 3 v Rl W 0 4% 2 i

T SUNAEINE 4 Fis, HETEBIERE, &2
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W20 8PN (H5 ., M(303.66£2.22)%0,
T 40 w0 )2 (3.86£1.19)%, = T 1 2 (49.16+
1.79)%, FEFH 8" NAH V-1 5 (133.27£1.57)%0.
=3 TEAF ST [R) 35k 03 A2 N T3 b B8 4 b 1 107
B, N M A% 2 I O L 2 B T AR BRI
AR FCH, gimb 2% NOy =N Wt 25 24
BEL B, A0AD 2 BN, Rm K, B
P R L 2| R = U N |51 SO VS e
W5 RIK A, AR T WK AT

MAFJZEEORTE (18 4), AP R N TR T
Al EAT e 8N (AR, FAT 4w 2 8N
{8 4 (145.36£3.23)%0, LATMANEY 2 3N {H N
(147.01£2.47)%0, FATHLS EA73h 8N HY2E(E N
(1.1240.25)%, ZHEPXT NO3-N (%W fit 1 F el Af B
I, FATMEE)Z 8N {5 0(115.86£2.23)%0, |-
T 2 6 N (B 47(87.73+2.33)%0, R AT I M
B2 E T EATH(32.06+£0.75)%, W RCR R T |
e, FAT I A Z 8N 4 (167.09+2.34)%o,
AT A2 8N {H R(136.58+2.09)%0, FA4T
WA 2 & T FAT(22.3420.34) %, Rl
Yrrh 8PNAE K(79.17+1.34)%0, FATMAEY T 8N
1 4 (72.85+1.21)%o0, “F-YI1E H9(76.01£1.17)%o, 1%
FIT A 8"N (H 19(42.97+2.79)% ., i T i AE 4
H SN 220D, EAT IR T 8PN AL TR
T A% (7.98+1.09) %,

200 - T47ts down-flow chamber

47t up-flow chamber
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Fig. 4 Variation of 8"°N value in substrates samples in each
substrate layer of marine constructed wetland

2.3 AREFRMEY S ONWEX EEMEXEE

AL T2 PR SR PN 4t
mEk 1 PR, LWESIREY], KEREZA TR
W, BEZEMAS =R, 4(0.1240.02)%,
FE RS R A R (0.05£0.02)%, R AT AL T2
Rerim T AT 3L 9 (63.64+2.13)%; HEHH
SR S N (2.68+0.38)%, FATIBANY) A & &
T AT MR A S 5 (18.31+1.43)%,, A FIE
FRIZH PN T E R A EE, TERER
JE T E 43 R (0.43£0.01)%, FZFEFHMPZE S1
1 S6 AL T E 43 M 0.42%, 2SR Z S2
1 S5 4bJ9(0.41£0.01)%. 5443 RZ 8N {221k
R, WA ER PN B E S o,
i PN ) AT%(E (0.42+0.01)%, fa4d PN
-1 AT%(H M(0.40+£0.01)%.

®1 ERMEWHAKEM N A EE

Tab.1 The amount of nitrogen and absolute
abundance of *N in substrates and plants

RARoE BT BN ZaxtE
G %  EA%  (mglg)
sample nitrogen  atomic 5N absolute

content percentage abundance

FEJ% S1 substrate S1 0.07 0.42 2.98x107
FJf S2 substrate S2 0.07 0.41 3.03x107
F ) S3 substrate S3 0.04 0.43 1.50x107
) S4 substrate S4 0.03 0.42 1.44x107
FEF S5 substrate S5 0.05 0.40 2.09x107
FEF S6 substrate S6 0.03 0.42 1.22x10°
AT downlink plants  2.41 0.40 95.25%107
AT LAY upstream plants 2.95 0.39 115.97x10°

IEAPEK PN B4R A 1.20 mg/L, &5
GARFALER 7 dJ5, KR PN st TR E
(3.23+0.65)x10 > mg/L (41 5 fiizR), PN [Rlfhi £ 2
B3k (97.31+ 0.36)%; 14 d J5, Ak SN 4
X T % (2.89+0.66)x10 2 mg/L, N [Afi &
FBRFEN(97.59+ 0.76)%; 21 d J&, "N 4a%f £ 5
W% (1.31+0.50)x 1072 mg/L, FZ "N i £ W
KBREN(98.91+ 1.06)%, 5 NO3-N iy F: R 5k
AR —H
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Bl s KEEH PN daxtF

Fig. 5 Absolute abundance of "°N in water sample

FZIETOR PN dextEEEAE 6 FiR, FiTib
s 2 PN AR, 40 E A ] (3.03+
0.06)x10° mg/g, HfIFREWM N G R, b
TR ZHWE "N SBRME, SxFEERY
(1.22£0.02)x 10 mg/g, BAA7FREWM N it 1%
55 o 4 XoF 2 - 2441 M (2.04+0.80)x10° mg/g,
LI J2 A e 0 R(5.1220.06)x107° mg/g, & T
41w )2 (21.90£0.09)%, = T W B A ZF (74.15+
0.08)%; Fi ) 46 %t =F B2 P-4 {6 4 (105.61+14.65)x
107 mg/g, VL5 TARERI 40 18 . 25 LA,
A BN I IR R R T BE ) i o

35

»
o
L

1SN %of 3 BE/(mg/kg)

15N absolute abundance
T
o W o W

o
W

(=

S1 S2 S3 S4 S5 S6
Sk A5 sample site

6 KA TR ILRE PN 4axf 3 i
S1-S3 R4 HIJE FATM AP 2, I 2RI B4 )2 S4-S6
MR A EAT B B A 2, i 2 D)2
Fig. 6 Absolute abundance of °N in each substrates
layer of marine constructed wetland
S1-S3 indicate fine sand, coal cinder and breakstone in the down-flow

chamber, respectively. S4—S6 indicate breakstone, coal cinder
and fine sand in the up-flow chamber, respectively.

24 EANN UNERENERE
P N T3 R e, R P o AL 48 1 7
IEBETE TR, FY A 3 RS TRI 20 %A

TR A R DTER: (1) AR BAEK R T
N T R G IR, FURE 3L 5 T 1
AWK (2) AR E ALK AT A TR
R G PRI, ARV IE R K, (3)
P HACK B A5 NI R 3L T, X il A AU E
fTAb 3R, S R SERZE R, U
Fo T H R G A s N T R GE R RCR R
44.70%, FPA B ALK R, PR EERES T
21.90%, FeVFAED A KR I AR e 2
T 18.11%, il 7 Fin, ERGETHHHRAR
120 mg [ 2, %3t 21 d AHWHEREITIE,
Y%t PN W R 10.44 mg, FE TR N B B
4 7.75 mg, fafkrp PN R E &N 18.22 mg,
Y RN ERRE PN RN R BN 72.92 mg,
Fefdirh PN [ E SN 9.36 mg, KRR 2
BRI % A 1.31 me. A LR R R %
SR TR 375.77%, T8 T 5L 5 B Y
60.23%, PRI, oA 9 oxt B /K i i 806 N T3 b
I8 2R ) TR K T AEL A R T

49.67

t
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=
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] 10.44 936
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Fig. 7 "N removal quality of each component
in marine constructed wetland
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3.1 HAKAIEMERS NO-N ZBHMR

A SCIRZE AT 20, 78 0~7 disfrfal, fif/kit
P NO;-N ¥ B 22 B I 9 R a3, BB LB A
BORI$ET, 5880 7 K5 NOs-N iYL BR, Al GE
TR MK N T RS 0~7 d a4 a] LA
Wz WAL RS2 o WA AR FH o 2, TSR ™ Y NO5-N
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RN T N TR R G L BRECE, NOs-N 1Y
EBRRORE, £ 7 d NN T REH 50%L 1
NO;-N £ MHZ T 0~7 d A2 5HR I
T 7~14 d B TR B, 7~14 d i217 6] NO3-N
W RS TR, KRBT R, XA]
e ARG 7 d J5, m ALY WSR3 R
W BEFE FH 23T R T A, A 625t ) NO3-N
143 2 5 N Tl 22 5 1l R - -y, Sk
PR AN B, 752 N TR R 5 2 KA 3
KRR 14~21 d BT, fE7K K&
NO;3-N ¥ 47(0.05£0.03) mg/L, EFRFAK3(92.81+
1.21)%, BLHrBE N TR NO3-N (1 2 B I LA
A= 9 B T SRS g Sk A A W AT 366 R A
AR, 8BRS R BN S,
YER G b, Ron s R, ARk 3. Rk,
KRARGAEY . LT, A 2 EAE IS
TR LR
32 EAANLEBMEAEZ "NHNSTBTHRE

BE2 I ] AR, N TR M43 81N {HAY
TR, WA AR 4151 8N (E
FHET, & N [ R B E H4(98.91+1.06)%,
5 NO3-N Hy R IEA MR — 50 ok PN Fn N
() A7 7 RIS 28 10 0 AR A 0, Bt I I 1 A 7 e 2%
T RBRRA S, R FE Y 43 A8 AN 2 55 Ak,
PN Bt RGEB A TS N kB2
AR B, DRIE R 28 5 it A A 245 SR I TR

B A IR N TR R 58 2 2 L X
RN LR EE 2@ WER . AR% T, T17
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Analysis of nitrogen migration and transformation in a constructed
wetland treating mariculture tail water using stable isotopes
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Abstract: The migration and transformation of nitrogen in a seawater-constructed wetland treating Paralichthys
olivaceus mariculture tail water was investigated using stable isotope technology. The study employed the mass
balance method to quantify the contribution of different nitrogen removal pathways to overall nitrogen removal.
showed that the compound vertical flow constructed wetland had a significant effect on nitrate nitrogen treatment,
with a nitrogen removal rate of (92.81+1.21)% after 21 d of operation. The 8'°N value of the coal residue layer
was the lowest (203.58+2.87)%o, while the coral stone layer had the highest 8'°N value (303.66+2.22)%o. Plants
exhibited the best capacity for nitrogen uptake, with an average nitrogen content of (2.68+0.38)% and an average
absolute abundance of (105.61£14.65) x 10 mg/g. Microbial transformation was found to be the main nitrogen
removal pathway, accounting for 60.77% of the nitrogen removal. This study provides effective data support for
applying stable isotope technology to the construction of seawater-constructed wetlands and clarifies the nitrogen
removal process.
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