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T8 NERGEXT KR NH,-N. NO, -N XM R K&
NO, -N BHI[ELIE R

wOF, mER, I8, Ak#, #HEZE,
BRI B, AR
(1. B RS m%b, Lig 201306;
2. H KRR AT T B iR K L 7S R Ly, YT0R B8 2140815
3. E RO KT =R, Y95 % 214081)

B I A 7 /D 2RO A B A AR BCA (NH,-N) o T3 8 3 & (NO, -N) Y Jr
W, TRUEEPNREANER, MBEAAERK, BERNTHRI. LR, LR+E
R TR DB M ROK R F NH,-N o NO, -N &y i [\ R (b A, H R AT T i
B (X)) LREBE ) RMBEEEE G 2HARERE VB REE, REPHET HE
/NERE & B KR NHy-N. NO, -N fo NOs-N ey 20 R, HF##Ar 7 % @ /A 2k 3% B L Ak
NO, NWh#E®RfE. FREF, TRNKEEETNWRBLAHTEAREN AR F R
F1, A 18000 Ix B 3 NH, -N = f4 & 5 3K 96.23%, 7 9 000 Ix i #f NO, -N & [ & & &
99.19%; #7144 ¥ 55 FF 48 2.5x10° A~/mL B 3¢ NH,-N. NO, -N £ %R R &5, 47 4 94.92%
$1.99.05%. A #h & PrF G AL IE B 1A ook BB E B EL A F AL Yy, n=1.189X,45.79x10 " X, +
24.158(R*=0.664), Yno, N=1.562X,+1.909x10°X,~26.078(R*=0.762); H # % Fr % 5 4 3 i} 7]
AaAis s A A2+ Y,  =0.888X,+1.02x10°X5+32.555(R*=0.408), Yxo, n=1.746X+
1.64x107°X5—17.250(R*=0.613), 3 3@ /N 3k 3 %= % 4 2 W F % NH,-N>NO; -N>NO, -N;
NH,-NE M EERNRETHBRELRBEELFMRT NO,-NEAH K. FFREA,
L # /D 2kok B B F R NH-N 5 NO, -N 4 &, NO,-N 7 fit & by % 40 0 9 T2 3 8% #h
7B JR B NH, N i @ N E R AR ZARERT A RBARECLENBEE
B F KA

KB L@ DRE; AA; EHBRHA; AARE; THKRALEH

HESHES: S949 SCERFRAERD: A

AR (EZERESTR) . UMREERFM  SENIRHY AT TR KA R

KR EEFHEYE, WK AAREA T W, BBRIFSKIE S NH, N HINO, -N
FEREEMEW , KPR TR S TR X T ORUE 75 3 ) F) A PR T SCRER T

B AL s KR pH B R, K AR R 1241 & XF T IRIE KR NH,-N Fl NO, -N i T+, A=
AR . MR NH, N FINO, -N R EEad e 7 i R R e . AL~ 07 i A
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HA B0 RBRECE , (HIR 252 ma K AR U AE )
BETE LA, AL A AP, B AR SHE
IOECIN S ST B NI S 5 S S E A1 |
JR e B A A T R R K BT B RIS BT s FEE A
IKFRFE RS (RAS) 55 1) L3R5 bt B e
FRIEDAL, BN th I R A 7= 3, X
Ae A S YE A S R A B SR .

W38/ NEREE (Chlorella vulgaris) VE R 5200 it 77
WEAE Y, DAHCEGE R | Ay SR oK Rz
R, HET, ZTHFIT OCHE/NEREEXT NH,'-N
FINO, -N I ZBRECR, TZM T =& Z [\ 1%
RN i SE PR FR A KA T NH,-N . NO, -N [ i
FEAE, I Z A AE R Fnfefl . sk, 280
5 R WI/INBR s B A Wb IR KR D aE, (HOA
[Fi) b 2 1) /N BRE 25 Bk NH,-N. NO, -N &R AR
AHTR] o XA S WF Y e PR30 /N ER i AE 3 SRR
VAL BR NH, -No eI 552 KR Y 4/
EK B (C. sorokiniana) fEf% 2% NH,-N, {HJoHkZ
Bk NO, -No T [l LAY /MRl A 2 3 /N IRl
B HE/NEREE (C. pyrenoidosa) FIHE [E /NER 3 (C.
ellipsoidea) % , Hrp 3@ /NER IR K = IR T
AR, ik, 8RS8/ NREEXT NH, N,
NO, -N 2 BRASCR KA S5 M P X6 7K 7 il e 5%
PR L E K,

AT, /NERBEEXT KA NH, -N 2 B ik 42 0F
SR EGEY), FER/NEREE BRI L K
KR pH A2 A6 30 NH, N #& 524 i A7 56/
BRE L BRAK IR T NO, -N s . X8 T
T FE U0 I S TR Fh Wk B A i I, SR 2 AR
(A= S X il . AS I DK 38 /N EK 3 SR 90T
%, KD T A /N BR i X K AR H NH, N, NO, -
N R BRECR AL, [RIBTHRST 1 53 /N R [
KR NO, -N Rk 1R . AR RG A BT
HE— 2B IIRRT/INEREE 25 B NO, -N R ALE AR A
U, R /NERBEAEIK P R v R 2 0 A FR AR} 2
A

1 MRS T

1.1 SCIg# Rt

T /NER v SIS E A, A TR T
B BG-11 B35, TOGIR45001x. D5 12h/12h,
MR 26 C FEERFE, 8B ECE R IR &%
B RO T 520 . S8 KR B K PR IEDRHEE A SR K
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O AB RS IR ER WIS SRR N 3 LB
Beth o

1.2 LA

PR L) 3 500 r/min #5.0 10 min J5, 3%
X LW, HZEBKR UG 3R, ERERT
B WRVE K ELL 5 000 r/min B0 5 min J7,
BV T8 . SERIREE N 28 C, R R
42 L/min, #EZBESE5EHE,

R 44T 3k EE 2T NH,-N. NO, -N #
FRABREE BUAREK 1SL, MRS
G315y, SEER AR A K EE E ) s
H 2.5%10° 4~ /mL, SGRGRE N 18 000 Ix. K H
AfZl. XHHR, B4l. T /NeRlE, C4l. /)
PR + RS, DAL HE/hEkEE + LR, E4:
e/ R + G + B, L 3 AT, R 12h
0 4% 2H K AR Y NH,'-N, NO, -N J5t i % Ji& K /)y
BRI

R KR8 3R & T &3 ) 2R3 2T NH, N,
NO, -N #) xR R £ 35 Rk K 15 L,
FEATIRSIE A3 1S 4y, NN SE /K B ) R
JE R 2.5%10° 4~ /mL, WEAFECHEEEM: 01x
(A#). 3000I1x (B#). 6000 Ix (C#l). 9000 Ix
(D 4H) i1 18 000 Ix (E 41)5 41, B4 34-F17,
YT R, BEBR 12 h A I K AR T NH, N
NO, -N Jiz it ik B Ko 240 i %

R E) A4k % B 64 538 ) 3RoE 2 NH, N,
NO, -N # & IR #OR % I B B 7K 12 L,
FEATIRSIG A B 12 0y, T B LR B2 B 43 3
T8 (0), MR (5.0x10° 4~/mL), % (2.5x10°
AS/mL), R (1.25%10° 4~ /mL) 4 N4, F4 3
AT, BT 18000 Ix G IR 5B &M, MR
12 h A& 7K 44 NH,-N. NO, -N 5 9 i B i
A

PR At A BR AN T NO, N IRE 89 %R
5 B WERRFRHL 0.492 8 g WASER AN (4 #r4f),
TRk, EAZR 1L, FIM NO, -N FfEik
FE 4 0.100 mg/mL B A5 HEW . A BIH 1. 3 F1 S
mL ARIE, K R R T T W 3 Ry
0.1. 0.3 #10.5 mg/L ) NO, -N W, 25T 18 000
Ix IR SIS, AR 6 h KK & NO, -N
i,

58 R EALFE T NH,-N. NO, -N. NO; -
N R REG TR EE HUREIEK 6L,
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L R 2R KA G TR A i 6 40, 3 s
T 3E /NER PN IR, R E VIR R 5.0x10°
AS/mL, X RS 03 Gl /N K . 45T 18 000
Ix YIS HE A, B8 6 h AU K AR T NH,-N
NO, -N. NO; -N Jiuitife B S s a5 5 . 9153
TE 6 h (NH, -N W fff i 2 ) F1 24 h(NO, -N i it i
TR ) G000 323 /)N B 38 IV PR 38 SR (iR, YT
IO S AT FRA F]) W6
1.3 KEE

NH, N il 2 R A FG R 6L, NO, -
N R N-(1-Z858)- & ZBie o ot s, NOs -N R
FHEAM G EETEY, W48 (DO) Al pH R K
J5t 43 M1 A % (Thremo Orion Star A329; Thermo
Fisher Scientific Inc, Waltham, 3 [E), %38 /N EK 3
K MERH BT, BBRE IR AR:

r=(Cy— C})/Cy*100%
X, Co B Cy 4390 o e ik 20 X6f 1 2 5 Ao 1 401 v
B (mg/L),

1.4 BIESH

5 R LIV BIE bR fE 25 (meantSD) KRk, K
F SPSS 18.0 i 47 75 22 53 M 5 MDA 20 B, He
H1 P<0.05 FI*R/R 25 57 3, P<0.01 Fl**K/R 2%
BB, KA Microsoft Excel 2019 ¥4 4: &,
Horp g i a] | 2s 5 WEEPE RS F Rk bRiE, 4
8] 22 7 HI/ING PR T .

2 4R

21 AEFHETEENEKEI NHS-N. NO, -
N EBRYREEZETK

JoOGHRAR NH,-N &t & 25 (P>0.05),
A RS 12 /MBI 4 NH,-N 75 & 5 351K
FIOOLIE4L (P<0.05); FE5 24 F1 48 /i, E 4
NH,-N EER B EET D4 (P<0.05; % 1); £
S B /R i 22 B NH, N Y2554, i
RN NH,'-N 19 LB A — & AR

Joot B4 NO, -N & 5 A i B (8] 32 20 | 19
B, T D. EZH NO, -N & 54 WITESS 36 Fil 24
/NBF I AR T EOE R4 (P<0.05; % 1); 5 D4
HHLE, E 417 24~72 h HAG B & NO, N ZLfRR,
ZE B R, /R NO, N 25 45 B B i IR
T NH,-N B EFR; GEDGRRAMT, i/ ek

R E K7 2: 2 E /) sponsored by China Society of Fisheries

PEREA AR NO, N, [RII BT LA S 3% 2 5 3
H/NEREEXT NO, -N [ L BRisH8 5 LB (P<0.05);
TEBRZ OGP T, BARSHES NO, -N 74,

O RRZH 38 3 /)R i K H TR i FL 2 e
ToEHRL (P<0.05; % 1); EHMEBEEIRE T D 4H;
VLB G IR T S s, 03 /N BR AR R R K A48
TR BTG A, DX 0 3 /N IR AR ) 1 Y
A — & e HEE R

22 AEFHEEET T &/ NBKGEXT NHy-N,
NO,-N ERYREEEET L

M ST iR, A AR NH, -N &8 1 8 3%
. F A 4 (P<0.05), B. C. D =#17F 0~24 h Bt
HEBRBERE N, NH,'-N KBRE5R 5 IR (P<0.05),
D45 E4 i #& 25 (P>0.05); 36 h 5454k ¥
41 NH,-N KR FELEE 25 (P>0.05; %2); &
W B 2 A R T2 5 NH,-N L BRE0R, Ol
HEGREE SN 9 000 Ix IFEIA 4887 1Y NH, N LBR&CR
FESS 48 /NI, E 41 HA B 9 NH,'-N KBRS,
H96.23%(F 2); L EIH S HT, NH N 2 BR %
(1) SHHE (X)), JEIR ()R AR : Yy, N=1.189X 1+
5.79x10“X,+24.158, R’=0.664.

B. C. D. E4 NO,-N & £ 43 5 A% 60,
36, 24 1 24 /NEF B EAR T A4 (P<0.05), H E
ZH NO, -N £ RIS 36 /T B EE T DY (P<
0.05); R NO, -N 2 [55 H 25 Fifi >t FE 58 B2 34 i in
P, FEE 60 /NI, D 4 HBAG B ) NO, -N 22
BRI, 8 99.19%(F 2); ZmIH4HT, NO, -N [k
FR(Y) SIE (X)) OB () KR Yyo, n=1.562X+
1.909x10°X,-26.078, R’=0.762.

AHBEEARRESR, MB. C. D. E4
B [ IR TF LR BIPLE LFE, ATESS 60, 60,
36 F1 24 /NBFIAFISE- 50 (36 2). RATEREME
FREMFN, BEECHRGREERG I, e BRIk

23 AEZENEKEEE AR NH-N. NO, -
NHREEBZETK

XPHEZE NH,-N &5 Z L TR, I8, . &
B2 NH, N B i or I 7ESE 24, 12 F 12 /N i
FAR T XIE A (P<0.05), HE# 4] NH, -N £ [%
REEE TR EH (P<0.05); £U NH,-N £&
TR R B R R IR . AESS 24 /N R4
BAF I NH,-N LZBRE, S 94.92%(K 3); &
[E53 4T, NH,-N LBRE (V) S0 (X)), #%

https://www.china-fishery.cn



&t
B
I

IKFE 4, 2024, 48(2): 029408
£1 TEEGT/IEKEZER NH-N. NO,-N R EZETL
Tab.1 Removal effects of NH,-N and NO, -N by C. vulgaris under different conditions and the changes of algal density

. . e e 3 - HE S (E4
fakz WA XTERAZD)  NEREBLL)  EERACH) D) §+éﬁ‘;jﬁ;@ﬁ)
index time control C. vulgaris C. vulgaris+aerate  C. vulgaris+light 1.' 8
ight+taerate
W/ (mg/L) AR 0 2.819+0.027* 2.830+0.045" 2.833+0.042" 2.838+0.041* 2.849+0.046"
concentration (NH4"-N) .
ammonia 12 2.638+0.048* 2.616+0.058* 2.580+0.133* 0.199+0.048 0.140:£0.066™
it
futrogen 24 2488:0.074  2.397:0.112% 2.19240.197*"  0.349+0.118 0.078+0.040™
36 2.409+0.111°  2.371£0.158*™ 2.008£0.411*%  0.199+0.058" 0.148+0.017°®
48 2.563+0.462"™  2.653+0.274* 2.323+0.530*™  0.580+0.154™ 0.217+0.028"
60 2.067£0.144%  1.953+0.346° 1.646+0.493%  0.188+0.072 0.221£0.069"
72 2.060+0.161 1.745+0.413% 1.565+0.531 0.258+0.025% 0.232+0.019
AR #h 4 0 0.088+0.005" 0.088+0.003 0.088+0.002" 0.087+0.002* 0.088+0.003*
(NO, -N)
nitite 12 0.085+0.002" 0.098+0.010° 0.1210.003 0.092:£0.004"° 0.109+0.017"*
nitrogen Db b Ba Ab Be
24 0.0890.003 0.112+0.018 0.170+0.027 0.098+0.003 0.0020.001
36 0.098+0.003%° 0.124+0.035" 0.187+0.035™ 0.054+0.009" 0.002:£0.001™
48 0.104£0.003%®  0.130+0.036" 0.220+0.052*™  0.017+0.003 0.005:£0.004™
60 0.108+0.004™ 0.151+0.062° 0.262+0.071°™  0.010+0.002> 0.0030.001™
72 0.116£0.002" 0.168+0.088" 0.332+0.108™ 0.007+0.001% 0.004+0.001%
FRR% AR 0 — —0.39+0.62 —0.49+0.73 —0.07+0.05 ~1.06+0.83
removal (NH,4'-N)
rates ammonia 12 — 0.80+2.73 2.23+3.81° 92.48+1.72° 94.67+2.52°
nitrogen ) . b
24 — 3.60+6.16° 11.7749.95° 85.89+5.05 96.89+1.49°
36 — 1.53+5.78" 16.00+£21.28" 91.77+2.22° 93.86+0.73°
48 — ~5.25+16.41° 8.04+20.66° 77.5143.16° 91.30+2.12°
60 — 5.50+14.89" 20.44+22.18" 90.72+4.23" 89.31+3.16
72 — 14.83+21.69° 23.14+28.07° 87.40+2.13" 88.66+1.74°
AR #h 4 0 — —-0.23+4.72 0.24+3.89 0.92+4.19 —0.1442.47
(NO, -N)
nitrite 12 — ~15.11+£10.36 —41.85+6.48" ~7.34+6.45" ~28.11422.12°
nitrogen b b
24 — —25.87+22.59 —91.18+34.15°  —10.256.10 97.24+0.81°
36 — ~27.80+38.58° —91.66438.26" 44.50+7.76 97.500.89"
48 — —24.97£35.69°  —112.91£53.77* 84.03+3.11° 95.06+4.42°
60 — —40.17£57.58°  —144.22469.41° 90.90+1.89" 97.04+0.61°
72 — —45.03£77.47°  —186.59+96.39" 93.88+1.06" 96.62+1.26"
e E /N BR R 2 R/ 0 — 25.33+2.80 25.33+2.80* 25.33+2.80° 25.33+2.80°
(1.0x10* A~/mL) ] ]
C. vulgaris 12 — 23.20+4.18° 29.33+2.20"° 189.33+20.53 206.00+26.46
denSity b BCb BCa Ba
24 — 16.93+5.16 12.13+3.80 197.33+27.01° 305.33+55.08™
36 — 24.13£1.97° 17.33£3.80""  300.67£67.72* 452,00+82.07*
48 — 25.47+6.90° 10.27+4.64 288.67+63.00* 486.00+£100.94*
60 — 29.07£11.32° 9.20+3.60% 273.67+54.24" 444.67+85.70"
72 — 24.67+8.78° 4.93+].89™ 329.33+78.01* 507.33+117.65"

e RO AP IR LR T R R AL AFIKE RN R I () S AR bR R, AN NS R (R — I i) R % A LA [R) 7 S B
(P<0.05), T

Notes: "—" means that the concentration in the treatment group is higher than that in the control group. Different uppercase letters indicated temporal
differences in a given group, and different lowercase letters indicated significant differences among groups at the same time point (P<0.05), the same
below.

B (X;) SR Vg, n=0.888X,1.02%10 °X;+32.555, 6. P RIS NO, -N S/ BI7ESS 48
R=0.408. 24 F1 24 /NS AR TR IRAL, th, R A
https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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R2 FREIFHERBETNEKEERRR NH-N. NO, -N YR EZETL
Tab.2 Removal effects of NH,-N and NO, -N by C. vulgaris under different light intensities and the changes of algal density

o o
IRr IR Al 3000 Ix(B4l)  6000Ix(CZL)  9000Ix(DZ) 18000 Ix(E4)
index time

W E/(mg/L) A 0 4.83620.044" 4.832+0.020" 4.860+0.053* 4.869+0.045" 4.829+0.055"

concentration (NH,"-N) 5 " N . -

ammonia nitrogen 12 4301+0.121™ 3.236:0.079 2.924+0.050™ 2.019+0.192B 1.935+0.055
24 4.063£0.067 1.265+0.198 0.573+0.040% 0.166+0.029% 0.177+0.029%
36 3.770£0.193>  0.415+0.243™ 0.225+0.052™ 0.195+0.042 0.181+0.035
48 3.279+0.274°  0.217£0.175™ 0.166+0.011™ 0.155+0.022 0.122+0.040®
60 2.895+0.356™ 0.166:0.048™ 0.122+0.029™ 0.129+0.039 0.133+0.022®
72 2.649+0.277™ 0.144+0.058™ 0.170+0.023™ 0.155+0.050 0.148+0.028®
LAGTSHe 0 0.33120.004° 0.328+0.004" 0.3310.003" 0.329+0.010" 0.332+0.005""
(NO, -N) Eab ABb ABb Aa Aa
nitrite nitrogen 12 0.366+0.007 0.354+0.015’ 0.348+0.011 0.377+0.007 0.385+0.016'
24 0.380£0.012°%  0.372+0.004" 0.362+0.014" 0.313+0.007 0.294+0.034%
36 0.391+0.014™ 0.357+0.016™ 0.294:0.044% 0.012+0.002™ 0.004:0.001
48 0.437+0.015 0.330£0.073*™  0.005+£0.001" 0.004+0.001"™ 0.006:0.001
60 0.463+0.014™ 0.198£0.077°™  0.005+0.001 0.004+0.001 0.005+0.001%
72 0.488+0.012* 0.117+0.033™ 0.005+0.001 0.005+0.001% 0.004+0.002%
LBRE /% A 0 — 0.08+0.49 —0.49+0.37 —0.67+0.61 0.16+0.27
removal rates (NH,"-N) . N A s
ammonia nitrogen 12 — 24.77+0.63 31.96+3.11 53.09+3.63 54.98+1.98
24 — 68.90+4.58° 85.92+0.75 95.91+0.78" 95.65+0.71°
36 — 89.08+6.33 94.08+1.11 94.82+1.08 95.17+1.20
48 — 93.46+5.05 94.93+0.27 95.25+0.81 96.23+1.32
60 — 94.29+1.32 95.80+0.76 95.48+1.41 95.41+0.40
72 — 94.39+2.69 93.52+1.36 94.09+1.99 94.37+1.26
IR E[ & 0 — 0.89+1.89 -0.12£1.97 0.54+4.06 -0.46+2.51
(NO,-N) a a b b
nitrite nitrogen 12 — 3.45+3.05 4.97+4.48 —2.98+1.39 —5.20£6.37
24 — 1.94+4.03° 4.55+2.03° 17.5940.92° 22.74+6.54°
36 — 8.48+7.19° 24.66+11.17° 96.99+0.61° 98.89+0.37°
48 — 24.60+14.81° 98.97+0.22° 99.02+0.24° 98.53+0.25"
60 — 57.38+15.90° 99.02+0.34° 99.19+0.17° 98.99:£0.23"
72 — 76.00+6.05 99.08+0.29* 98.96+0.32° 99.12+0.33"

Wi NER R FE 0 25.19+3.61* 25.19+3.61° 25.1943.61° 25.1943.61° 25.1943.61°

(1.0x10* /~/mL) - - " co c

C. vulgaris density 12 38.60+4.00 122.60+15.55%  182.60+20.03 316.00£41.40%  336.00:£40.73

24 29.33+2.20°%¢  217.33£29.28™  323.70+35.57™ 540.67£102.89™  674.33+£56.62*™
36 227743455 376.67+41.26%  414.20+29.72% 727.33£5021%  743.33+£112.40™
48 17.17+4.27°%  450.67+66.49°®  514.00+55.03% 780.00+87.18"  740.00£124.90™
60 12.20+4.65" 553.33480.83%  626.67£100.66™  710.00£65.57"  665.33+48.19"%
72 9.90+2.62" 527.33£76.43"®  620.00+52.92"° 760.00+£96.44*  580.00£40.00™

6] JC A2 25 22 5 (P<0.05); KWW LN 2.5%10° 4
/mL BIAE #4F 1) NO, -N EBRBCR . 765 60 /M,
o R 2 ELA R R B NO, -N EBR %, H 99.05%
(F 3); ZEF5H, NO,-N R (v) 56t E
(X)), BEEE X)) KRN Yno, n=1.746X+1.64x
10°X5-17.250, R*=0.613,

AN Ab PR A s R T T (R 3), K

R E K7 2: 2 E /) sponsored by China Society of Fisheries

B 5B B AESS 48 /NI IR BRG] s R
FES 24 /NP IREPE 51, 36 h G TTIR FRE;
JiE o T AR AR 48~72 /NI W 3 T b 2 4
(P<0.05), HAth 2 2 2 [W]JC b 3 25 7 (P>0.05), %%
b, FEFRMEFRARMS, o S R b
FERE IR, 0 SR = i, A AR
B
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£33 FAEEZE/NKEZEERR NH, N, NO,-NHRIEZELTL

Tab.3 Removal effects of NH,"-N and NO, -N by C. vulgaris at different densities and the changes of algal density

<ol Sy 5 N
IR i )/ 0 MmL 5.0<10° AMmL  2.5x10°AmL  1.25x10° AM/mL
index time
W /(mg/L) A 0 4.535+0.038" 4.550+0.034* 4.598+0.030* 4.606+0.055"
concentration (NH,"-N)
ammonia nitrogen 12 3.910+0.151™ 3.723+0.122* 1.251£0.524" 0.203+0.034™
24 3.400+0.349" 0.734+0.255% 0.170£0.034> 0.173+0.052%
36 2.807+0.362 0.261+0.085° 0.206+0.013> 0.23240.033%
48 1.858+0.267™ 0.272+0.088°®  0.254+0.067" 0.166+0.058™
60 1.126+0.108™ 0.148+0.066> 0.115+0.032™ 0.155+0.029™
72 0.822+0.181™ 0.199£0.058™  0.151+0.082™ 0.192+0.112%
AN TR 55 0 0.166+0.007° 0.163+0.002° 0.165+0.002* 0.167+0.002*
(NO, -N) _
nitrite nitrogen 12 0.179+0.015° 0.220+0.034" 0.240+0.096" 0.227+0.058"
24 0.197+0.029% 0.259+0.046™ 0.007:£0.005" 0.016+0.013"
36 0.191£0.013™ 0.176£0.061*™  0.007:£0.004® 0.0110.006™
48 0.219+0.013% 0.009+0.002%° 0.008:0.002" 0.009:£0.006™
60 0.238+0.013™ 0.004+0.002%® 0.002:£0.001<° 0.010£0.008™
72 0.316+0.086" 0.011£0.007%® 0.0060.002" 0.012:£0.006™
EBRE/% A 0 — -0.37+1.58 —1.38+0.30 —1.56+1.61
removal rates (NH,-N)
ammonia nitrogen 12 — 4.72+3.48° 67.66£14.31° 94.79+0.96"
24 — 78.36+7.92° 94.92+1.41° 94.84+1.79°
36 — 90.70+3.01 92.55+1.24 91.64+1.76
48 — 85.59+2.73 86.46+1.78 90.77+4.27
60 — 87.16+4.94 89.94+1.96 86.26+1.89
72 — 75.13+7.53 80.22+13.02 77.48+9.47
TEAHFR 2R 0 — 1.58+3.53 0.34+3.38 —-0.67+3.88
(NO, -N)
nitrite nitrogen 12 — —24.08+29.28 ~34.65+55.65 ~27.74+38.19
24 — —35.32+43.88" 96.53+2.31° 91.56+7.95"
36 — 6.05+37.22° 96.36+2.12° 94.62+3.04°
48 — 95.78+1.13 96.32+0.92 95.79+2.66
60 — 98.17+1.00 99.05+0.46 95.89+3.39
72 — 96.2242.66 97.92+1.08 95.74+2.82
38 /N EREE  FE/(1.0%10*4~/mL) 0 — 5.40£1.25" 24.70£6.26™ 124.00+31.32%
C. vulgaris density
12 — 28.53+2.34™ 168.67+70.44<  490.00+60.83"
24 — 97.33+27.15%  285.33+95.86°®  686.67+80.83*
36 210.00+£52.57™  356.00£79.70™  690.00+30.00*
48 — 473.33+61.10™  603.33£106.93"  356.67+70.95™
60 — 420.67+71.00"  790.00£105.83""  410.00:+45.835®
72 — 452.00+65.57"  796.67+90.18*  396.67+40.41°®
= - ba: Ny - ,
24 BN NO, -NWERBREKEEERE 3 NO, NB KL B FHME, 12 h/53EM”

(DO) Tk

& 1-a BRSO NO, -N 1 £ R, 3 fpik
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Fig. 1 Effects of aeration on NO, -N content and dissolved oxygen at different initial concentrations

Different uppercase letters indicated temporal differences in a given group(P<0.05), the same below.

NO, -N. 341 DO kil ¥ —=, Sothig LTt
WS TET- G E RIS (K 1-b),

2.5 ELE/EREXT NHS-N. NO,-N. NO;-N
MERYREETHME

40 NH,-N. NO;-N. NO, -N % 43 I
0. 12 A1 18 h J5 TP T % (&l 2-a~c); dmem R
39N 94.73% . 92.24% K1 98.99%(# 4), FKIH
H/NRBEREA LR A THLER . RBRIFUT A NH, -
N>NO; -N>NO, -N, 54 0~12 h #E4L I i & &
o FE g (B 2-d), 17 e A BE NOy-N, NO, -N
WA B A AL, R NEREOE A AR
FHP= A R/ STE A NO, -N 4L NO; N,

S, B NS H B T (K 2-6),
A 5XF 4] DO, pH #1 3#% Jt (P<0.05), {H
P E TR EE R X R, Hh s DO & B A
12~30 h ¥ g & & F XHR 40 (P<0.05; & 2-d), W
#H pH 7E 6~30 h ¥ i 3 K TR 4H (P<0.05; 4] 2-
e)o L, FiE/NER R F A Eh A R T2
w7k DO 5 pH.

2.6 NH,-N. NO,-N & T i2h i@/ okE
T AEER Eh I R ERSE METk

% 6 F 24 /NEF 43 5 NH,-N 5 NO, -N &
R DR, /INER 20 A P IV TR R 8 R T 1 4
B (56.59+3.56) ng/L Fl (130.62+7.41) ng/L, —#%%
S (P<0.05; [ 3), SEEREIRERY], i/ ek
PN N AEAE A R R IR, NO, -N T REFE 1%
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it R/ R BRI R, i IE i 24~30 h &
AEBRFREMTIE R 4.
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3.1 BENKENKEDENRER

AWFFE R BAEIE B IRA T, HaE/NER
HOEA LR A E R, R NI ] g b
TRBE . JEHRAMET, B RBUEHE AT NOy -N 11
LB, WHERE CO, MMM IR N T K A
TR A LG, HI55 T 8 N EREE BEA A Rk R T
Felith, FEHFED LM, BEH HCO; MY
i, S Nk A BTN, BRI R,
ANER ARG BT BB A FH IS HLAR VR HE AT B 3R A,
(7] Fsf 5 30 /N BRI B A 45 R A A B . D-2R b
SEA MURR IR 1T 5 97 B 5", Babaei 50" DL A
HEPRERRUE , AF SRS IAEE v S R b IR /N R
REA AL AP NH, -No 28 I, e LA A0
MURIA HLRRIR T 058 /N ek s 22 B CHL AU R
B EAARROR A T 2L — 2 oY

55 Syrett™ I 45 R — 5, AW Kk B
JNEREEXT NH,-N. NO, -N. NO; -N 4 H 7 45 i
M 2BRfE Ty, H A/ NER R RS F2 50U R
NH, -N>NO; -N>NO, -N. 7Efi A5 H A A
[ HE , A 3h A5 58 /N ER i v A 5 B 7K A4 K
JEES, & B NOy -N Joik bR o Xk S5 I F B
HERGAN K SR R AK RS, BB TG
AR NOy -No ZBHAE W5 /N sk xt B Rt 57
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Fig.2 Removal effects of C. vulgaris on NH,-N, NO,-N and NO; -N and the changes of
DO, pH and algae density in water

"*" means significant difference between treatment groups at the same time point (P<0.05), "**" means extremely significant difference between treat-

ment groups at the same time point (P<0.01), the same below.
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F=4 TE/N)EEX NHS-N. NO,-N 5 NO;-N #J
EBRETL
Tab.4 Removal rates of NH;-N. NO,-N 5 NO;-N

by C. vulgaris %
mFE/A EENHS-N)  HEREEENNO, -N) WAHIRERE(NO, -N)
time ammonia nitrogen  nitrate nitrogen nitrite nitrogen
0 —0.15+1.40¢ 0.79£1.11°¢ 0.54+0.37¢
6 34.94+6.44% 1.71+0.56% 3.45+0.55%°
12 88.99+1.34* 3.15+3.87% 6.62+3.76%°
18 94.73+2.98" 43.93+6.88" 13.82+3.19%
24 93.57+0.29™ 88.02+4.76™ 35.24£12.69%
30 93.34+3.17* 92.24+4.82% 98.99+0.08"
250
~~
= O NH,"-N % ammonia nitrogen decrease
%D 200 8 NO,-N Ff% nitrite nitrogen decrease
£ L
o) *
=
z g |
~ 9 150 ¢
2 1
g3
&2 00 |
K E
& =
E st :
Fid
=
=
0
6 24
i [f)/h
time
B3 NH,-N. NO,-N T 32 &l Bk fHER &L
T REEMT L

Fig.3 Changes of nitrite reductase activity during
NH,"-N and NO, -N descending process

B K PRI R 5 ), 45 3R 36 /N BR 36 NO, -N
5 NO; -N 0 & BRRER . Lkise 545
S LA Y JE DR AR T /N ER s R R B A
BEPE, KR NH, -N FREefrAend, 55m 7 ek e
PSR NH,-N, $E( NO, -N. NO;-N £B&
ORI . SR, R S50 i 2R (A% /N Bk
HAL LN IR SR A IR K, & BRAR F1 R /INBR AL
He B NO, -N 5 NO, -N, X g & F NH,-N
WRE R T 2 A B AR W S 20U 5 Ohmori
EUTIR R, EAWE AR — e R, T
P A W SGH R S B
3.2 KXREESYISEEZEX NH-N. NO,-N
A EBRIR

A S 6 R 4] NH,'-N & R AL 5 < 5
HA NO, -N F T, nlRgE NH, -N ¥4 59
FAL TR, A R T Al R 40 K
NH, -N 1k i NO, -N, 11 i i 20 7 2 5 J) 301 4

R E K7 2: 2 E /) sponsored by China Society of Fisheries

SRR, ANRE BB NO, N & 4Ll NO;-N, Al
T E NH, -N FEIRS NO, -N HEFH ),

BB AT A B A AL, ARSI A5 R
7N, JGIEEEE N 18 000 Ix B NH,-N 22 (R R 1] ik
96.23%, % Bl W] 46 % B R 2.5%10° 4> /mL B
NH,-N £ K15 94.92%, i % NO, -N 2 [§ 51y
LI 100%; BCERIE T XA bt 5
{49 526 NH,-N Fll NO, -N 1Y £ RSO, %
B PR R RSO S i 25 . RSB UIAH
AWFFEZEH, 1F 18 000 1x I NH, -N 2[4 35 5
TE 9 000 Ix I NO, -N ZBRR e, WIIh s EE
2.5%10° /~/mL B %F NH,-N. NO, -N £ [R %55,
{H'E B 5 i 28 1 <2 A G U A 25 BRASOR o 75
HE—2 % .

3.3 NO,-N HEIMLIER

ARG, BEYA PR AR 9 me/L
DI ENO, -N AR & B AR L, [R5 /)N
BR g P A (0~12 hy K fA B NO, N 5
NO; -N &t R kA B E L, RUAITLERAL
NO, -N, X A[fE5 NO, -N [ & HA — & & 1
AALTEA S, e, IR AL RE BRI 57
Bt % NO, -N Fr i, H R DR Al RE 2 il 16 20 B s
NO, -N &AL FTE, A7 A IREE TP s £k 4 14 Ak
% K NO, N & L &= NOy -NY, AR SL g
NH,-N T BB BE (6 h) Vil /iR £ 3 J5 i % P 441K
[(56.59+3.56) ng/L], TifE NO, -N TR BL (24 /)N
BF) RS PR EL I R EE G M TS T 2.3 £, Kk, A&
SIS TR/ NERIEE 2R NO, -N BIHLEE . 840 9 I A
PR £ 18 R K NO, -N i JFU A NH,-N #E 1fi 9% [ 1k
W

34 T@E/DIKEXTKEE DO pH M IERE
T

B AN C 6,630, 10N P, 5 H A3
— R, I NER EE A B4 (R e AR I R U
TRARRRAE R /INERBE A VR A BR DR R AR
SEOKE %R CO, FrmAR /b, A B S ) AR
W CO, M s, & MKIARS Y H K EHFE,
pH Fhim; [FIBEYEA 1R R K i A, B
KRR R A S, R, AR SEOG P N BR
20 DO 5 pH 35 i TXT R . ARWF5 H/INBRBEAE
W TEAL R IR, AR B K S FE T KK
W B TR SR, BRI TS U 3 R e 4
TR B AR A
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35 EE/NERERAEKSEFES I _EHR A

FRBA ARG N B/ NERBE S, E /R AT
LR EE I LR E T, Al A S EYa,
B U A TE LA — /N Bk /BRI B
PRSP SRR B, AU AR ek
W (Y EA)-KESY GWER), @i
ANBREEXT KA T EUE SRR ORI, T A BB
1R ZUE RS R = g R R R T, )
BRI AR K KA A CO, AR R Bk 5
AW, PRAFK RS M A, RN 40
BRI AR R, BEK A
AL, WMt E G O, ORI AR
FHEEHEN LS, JEA BB NOs -N 7 Bl S A 85
THAHIE A NO, N, I FRIE s fa 3>
TR SR T WA 0T I A R /N BREEXT NO, N
(2B R 5 BRR, [RIR ATk NH, N #2555,
PR, R A 3 /) sk i Ak 3 7 R A R B K AR i
AIHC A (3 AL 385 Y 00 5 A A 4
5 NH,'-N 5 NO, -N LBR A, Kb, NxfFR5HE
W NH,-N. NO, -N IRSRFt i, Nk #f A i
TR B, T 5 A it ¥ NH,-N. NO, -N
Thim, BRI AL BRI AT, ) 3 /N Bk
WAL ER TR SR R K, A B R O I
JES R, RIS T M B RS, T
PRI A o 3 1) 2 B DA B 7K T

4 ik

DGR B /N IK E BR 8 A S 2 BR K A
NH,-N. NO, -N 5 NO; -N, HF| ¥ K NH, -
N>NO; -N>NO, -N 53 7]NER 35 W U0 i 2 46 1
FErp, HLZ0 A Py VA IR R A D e S M T
S B b i 5 8 2 P 08 i o LR A B BR B — E )
PESEVERT, SRR T AT 3 8 i i Bk
WX NO, -N W RBRHR S KBRS, LKk
JERLAE MBS, AHIEGE 45 ST Lk (6 felt B 77 4 42
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(= 7 WA A U 52 PR v A2 B Al 22 )
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Removal effect of NH,-N and NO, -N by Chlorella vulgaris and the
assimilation pathway of NO, -N

SHEN Lei', GAO Jiancao’, NIE Zhijuan®, ZHENG Zhaowei’, HU Jiawen ’,
SHAO Nailin?, SUNYi? XU Gangchun "**

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
3. Wuxi Fishery College, Nanjing Agricultural University, Wuxi 214081, China)

Abstract: Since the non-ionic ammonia and ionic ammonia can be converted into each other, in aquaculture,
ammonia nitrogen (NH,-N) and nitrite nitrogen (NO, -N) are the key factors that affect the growth and develop-
ment of aquatic animals. Therefore, the removal of NH,'-N and NO, -N in aquaculture water is of great signific-
ance to ensure the health of aquaculture animals. As we all know, microorganisms and algae play important roles
in maintaining the ecological balance of aquaculture ponds. It has been proved that Chlorella had the ability of
purifying aquaculture water, with different Chlorella species different removal efficiency on NH,-N and NO, -N.
Chlorella vulgaris is widely used in aquaculture, however, we know little about the removal effect on nitrogen
nutrient especially NO, -N by C. vulgaris. Given the shortage of effective ecological control measures in aquacul-
ture, it is of great significance to illustrate the removal effect of NH, - N and NO, -N by C. vulgaris and related
influencing factors. Aiming to evaluate the application prospect of C. vulgaris in purifying NH,-N and NO, -N in
water, in the present study, C. vulgaris was taken as the research object and feed wastewater was taken as the cul-
ture medium. We firstly detected the cell density of C. vulgaris and the temporal variations of NH,'-N and NO, -N
in water under aeration, light, combined light and aeration conditions. Then we analyzed the effects of time (X)),
light intensity (X,) or initial C. vulgaris density (X3) on the removal rates of NH,"-N and NO, -N (¥). Finally, we
evaluated the removal efficiency of NH,'-N, NO, -N and NO; -N from water by C. vulgaris, and we analyzed the
potential pathway of NO, -N assimilation by C. vulgaris. The results showed that C. vulgaris could remove NH,'-
N, NO, -N and NO; -N significantly under suitable light conditions. The NH,'- N removal rate reached up to at
18 000 Ix (96.23%), and NO, -N removal rate reached up to 99.19% at 9 000 Ix. The initial density of C. vulgaris
at 2.5x10° cells/mL had the highest removal rates for NH,-N and NO, -N, accounting 94.92% and 99.05%,
respectively. The regression equation of NH,'-N and NO, -N removal rates with treatment time and light intensity
was as follows: YNH4‘_N:1.189X1+5.79X10’4X2+24.158 (R*=0.664), Yo, ~=1.562X,+1.909%107°X,—26.078
(R’=0.762). The regression equation of NH,'-N and NO, -N removal rates with treatment time and initial C. vul-
garis density was as follows: Yy, N =0.888X,+1.02x10°X5+32.555 (R*=0.408), Yno, N =1.746X+1.64x
10°X;—17.250 (R’=0.613). The order of nitrogen removal by C. vulgaris was NH,-N>NO; -N>NO, -N, and the
activity of nitrite reductase in C. vulgaris at NH,'-N decline stage was significantly lower than that at NO, -N
decline stage. In conclusion, C. vulgaris can significantly reduce the contents of NH,-N and NO, -N in water, and
NO, -N may be reduced to NH,'-N by intracellular nitrite reductase and assimilated by C. vulgaris. These results

provide scientific basis for in-situ bioremediation of aquaculture waters.
Key words: Chlorella vulgaris; ammonia nitrogen; nitrite nitrogen; assimilation pathway; nitrite reductase
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