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W OE Wik AEREMOKFIRGHLNA S G, RBE T2 EATRITEAEKMEZE L, (HAELRRY
FHId R, 25%~50% B3 T 75 7K 2 55 AL R 18 B K (ROC) . ROC BB A, (TN) . S (TP) FIAE BF B F (Ca®'.
Mg?") [t v B A AR AR s . IO L R A . BRI Ca®'. M@ R I T 75 7k ROC Ab B A Bs 2 22—, Hoalse
BB PR e, (H B Ay H R 25 1 I R R SR AT D o I B Scenedesmus sp. FACHB-1574 4b B 35 117 75 7K
ROC, 7E [F) B M R (TDS) Bt ¥ BE (135 gL' M1 2.70 g L) . JEBSEFA H (12 0/12h, 16 /8 h, 20h/4h,
24h/0h) . JEIR (25 pmol'm >s™', 50 pmol'm>s™!, 100 pmol-m s ") MIE M & L (107:1, 14:1, 7:1) &4, BF
T IR IE K A B B A KR . 5 K, Scenedesmus sp. FACHB-1574 1] 38 v 3 717 75 7K ROC H
TDS B W 2 2.70 g L7 W25 445 X TN A9 25 o5k 3202 238 i 5 JIR A ] 0 D 6 09 385 I 385 K5 0wl T 2= L Oy 141 B AL
PEXT TN () R BRI R KA A Y SR LR L . TR BEA A T OBIEIT A E 20 /4 h, 658 100 pmol'm *-s ™',
AW 14:1) 408 10d 5, BT 15K ROC o1 TN F TP 25 % K45 5l 92.83% F11 99.68%, M | R
Wl (THE) . JBRSRSMN23.62x10° cellsmL™" . 1.10 gL', 34.55%, FE&EMBENERK, £ CO,MEHT,
JEKH pHAEM 7.5 THE 2 107, FE AT FBR 52.7% B Ca>" 1 33.9% Y Mg*" . A F 5 AT S 30 38 78 I8 117 75 7K Ak B I W%
AL T2 iRt 5%

KHBIR RBBEWK; I BIEMERE R SRR R L ObsR; AR Cca’; Mg

IR GRS HUAHE S 1 38T V5 K RLSCR B R A it S5 0 1, 2019 4%, B in sk 40% i) HIK 75 5K
A E P AR K P, {HIR ] 2020 A 9 30 T 5 7K B B AR K R RN 23.7%, 31X 3% W1 3R 1 30 T 4 7K
o e A HAEAE B R B, [ 815 (reverse osmosis, RO) £ R B 15 e ¥ L BRcr & . KoK iR
L BAESER A, EW WK R R E BEEAEMNY, K, RBE T2 AEmTRK
(reverse osmosis concentrate, ROC) J& H §if BR il RO 72 AR 73z ni H 1 = 2 Mk 55 P, ROC 2 Ry i#E 7K 11
25%~50%, WAEALPEZE . ROC AL (AZHN 23~62 mg'L™") . B (WM 0.4~20 mg L") ¥ i LL ik K 5
T O, T RV i B A (total dissolved solids, TDS) (i /¥ & & 1 129~5 560 mg-L™") . Ca®" (250~
400 mg-L™") . Mg* (70~250 mg-L™") S5 i ik AR # &, & S 8Ok AR T,

= A Ak 1.7 (advanced oxidation processes, AOPs) & ] 72 F T 4b ¥R 3% 17 75 7K ROC H X [ fift
ALY R R TS Je s B 3~10 mg L' 19 R AR HEAT 30 min A EAL AL, ROC HAT AL Y AT A=
Ve AT 2 5 1.8~3.5 451, it vk A Ot A Ak 5 ] K BR ROC H 2 50% B9 A ALY, 4 Ak vl 25 B
ROC #1244 62% BIA P, ROC H 4 Rl 26i5 gy (e | 4-Z R FE 2 bk . 283854 3k
Wi EEA: 2022-11-08; A A#HA: 2023-02-08
E¢WB: BRARBZEESFFEIHE (52100067) 5 FEH LK (bat) KL QHHE SRR H (202103063)
$E—1E%: i (1989—) , Z, W1, Y, xiayu@cumtb.edu.cn; BRI fEIEH
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Ty EREMN 20 G, BERREWIRE T 929", SR, AOPs X3 i i5 7K ROC H A (LA NO, k).
B (LA PO, F) M b B2 BS F (Ca® . Mg™) MY R BRACRAR . Tl Ry W] IF 25 BR & /K ) 5V &L (total
nitrogen, TN) . G\ (total phosphorus, TP) &4t 7 J7m™", fEAOGRE A FRAA Y, TR AIDIE
FRRIE, ATAERT A (TN 4 5~900 mg'L™") . #f (TP 24 0.1~200 mg- L") ¥ BE S0 I A K, IR A&
EBEI 5K ROC g Z A . e AE Kad B, pH & Th i, JF38 i 28 B8 85 U0 vE 9 ik 2 B AIK
B AR U B G M s T B A = A R R . B SRR 2 0T

HuEr, © A k5% &8 s v A T 31 15 K ROC 4k B v . MOHSENI % " 3% B Chlorella
vulgaris I Nannochloropsis salina A ¥ 15 75 7K ROC, 2 Fhidiie7E 48 h N HEA AL 2R 50% B9 TN Fl
80% f TP, WANG W Xt H. T Chlorella sp. ZTY4 Fl Scenedesmus sp. LX1 XF 3% 117 75 7K ROC ) b B %%
B 2 PP XK A A TN, TP BR8] 89% F1 92% UL . DO ZEP M| Chiorella sorokiniana
KNUAO71 £k B3 7 75 7k ROC, H TN Fl TP £ BR 2453510 91.9% 1 97%. SR 101, (43X ROC (14 4k
AL I K H N AR B BF 5 0% R /. TDS 42 ROC Y B4y, — it EALE: dn& e |
BEOBEL OB OBN. BRMREEL . BRIRER) AIA MK PR A P ALY, B R E R 1.13~5.56 gL',
BRI Ry 1.13~3.50 g L7 P21 TDS = B2 38 i 8 3 B s ™ A 2 ), 3 v i AR ML S ik
JEE 2 0 UK A0 M 5 LA R A B 2 (R 38 A, AT B B K L PP AR R K R T, A A e
PEBEIREY, R L, FE7 TDS (5.00~15.00 gL B ROC H, IR 7K e il A= Kl A5 e ) LB R 4
B % TDS 9 5 o v B2 T o 1 AR A, Ao 9 A 1 ol B 37 B LA A B [ s, ok
i, GRERTE G, EBERE . B . JUHURE A IR, GRAN  E e [E] bR PR AR K
FER) B R R O S A KA AR K e )

98— Fh 5041 g 2 €6, A6 7 B R (Scenedesmus sp. FACHB-1574) 4b B35 117 §5 7K ROC, £ 9% A
TDS. JGHEEF] L . o R U I LA 45 1 T, GRS Qe W i R BR AR & A A KRB, JF
BT s AR K51 pH THE X Ca', Mg iy 25 BREZ I, 11 X 3 s b B8 ROC 3 2 v A ) 5 FRL 2
BTG e Wi K B S R AT AR, DA S e b BRI T 15 K i R 4R IS
1 MB5ERF*®
1.1 SSIEMH

T ROC B 3 A6 5 S 3k T 15 /K A KT o %S08 3 e /K Oy i 0 7K B S8 3 IR RR A,
KIFEHE RN . TDS H (2 700+38) mg-L™', COD Jy (114+1.7) mg-L™', pH N (7.5+0.08) , TN N (47+
0.81) mg-L™", TP >4 (0.44+0.02) mg-L™", HL78 fH 5§ 7 7 & ¥k & 43 %I . Na' (233.8+4.08) mg'L™', K*
(41.1£1.23) mg-L™', Ca* (320.122.02) mg-L™", Mg (118.8+2.44) mg-L™'. L 5[] 55 + Ji & ¥k J& 43 5l
. CI' (674.5+3.16) mg'L™", SO, (421.95+3.26) mg-L™", NO, (42.81+0.38) mg'L™",

SC 55 BT ) Scenedesmus sp. FACHB-1574 Wy | v [E B} 22 B iR K A0 o BEFPFAE 25 pmol-m™-s™' Jf
P, 12 /12 h BOGREIEE] G, IR 25 °C F, 7E BG-11 ¥R e h gk f7 97 8% .

1.2 WHE

FIHESOHL (BFPE AT, H/TI6MM, HE) ¥4 155 19 Scenedesmus sp. FACHB-1574 £ 6 000 r-min™'
B2 E T B0 15 min, 855 Ve 45 M w5 4l K BRI 2 YRS B AE B ROC HY, 3@ o i Bk B0k A1
PRV W W) 06 %% R Dl 2%10° cellssmL™' o &R AN HEJE L H E A 200 mL 9 ROC, &4 & 3 P
Mo SLER I R P 2 A 5% B CO, fEMBRIR, WK 50 mL-min's SCE IR RIFLE 25 C. Mkt
ORI S S5 SR TP, K e WG AL 0.45 um R (L2, poED) o B8 IS ST A2 B A b
X} Scenedesmus sp. FACHB-1574 7 A [R] TDS. GBS [A] Hb . o't 5 A1 08 07 & b 2% 40 T X 3l 75 7K
ROC 19 b BRI B oAz KR BLHEA T I A o
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1.2.1 TDS A =RE A EIILGIXER LIREE

SC Gl FH iR K TDS it g B 2.70 gL', Fi B 5 ROC (19 TDS T Wk FEl 1.35 gL', XLk
e X5 e W 0 L BRAE I e H B i AR KB B . B BEK I TC I R AR B 25 O R T IS K
ROC i B — 1%, % NaNO; Fl K,HPO, #h 70 & U5 A8 R, (1 4% BE K A 5 KK BERT 46 TN, TP —
., 2 FhE B B TDS i ROC 1, Scenedesmus sp. FACHB-1574 %} TN, TP f4 2= 4175 i B Hi2k KA
o SR ESI R K A TN, TP, M % . FEANE R & &

6 5 I ] % B N 12 W12 h, 16 /8 hy 20 h/4 h, 24 h/0 h, X [t 76X 4 B OGS tL & 4 F
Scenedesmus sp. FACHB-1574 %} ROC 1 TN, TP [ 2B XA A 2500, Wl g K TN, TP,
P EER B . TEANER Y &,

TEAS B e LY B 1) Y 25 1R 5, 6FEE 25 pmol'm™s™' . 50 pmol-m™-s™", 100 pmol-m™>-s™ 5
fEEXT TN, TP 0 KBRS KA KA, WM KR TN, TP, o MrdEry® & . TEMIER
e
122 RBERZTWERE

A B 5% 9 9981 5 7K ROC 9 & B i & e o 107:1. £ 80k i 75 7K ROC h & B ot & L T
2010219261 3 A Ik T V5 7K ROC A Ul o 1 FU A 7:107 %27 oA i 98 31 89 ROC #8575 2 D 11K -
— PN R, R Y S U T A LG O 10~207%, PRI, AR IR O T AT Y i P O I B TRD EE RN G Ak R
T, B K HPO, AR, X HLJEOK (GRBETE LE 107:1) . RSB L 14:1 (RniEE 16.39 mg L)
A 7:1 (N 35.25 mg L) 3 PR T G XT TNL TP A K BRGSO A KRB
13 WL KA Ca? Mg* HI EBRBUR

BB 50 pmol-m s, JEWERFE oM 12 W12 h, BHK 22d. 7EARE A CO, G T,
5% Scenedesmus sp. FACHB-1574 it fig 15 2| i fe = pH M X 7K Hr Ca** . Mg™ i S BRACE .

14 BEZE . FEMERIERKRSH

PR R L I BRI BOE VAT IR Y T R AR AR A B AR SR pH Y B R
PE, DA R IR . A0/ B (2:0) SR BUE IR B, MU /G AR . R AR 2o A R 4 71
fife 20 o3 66 T2 (GB 11894-89) Ml TN, R FHSHIR 82 73 O B2 L (GB 11893-89) illl i TP, R I &S
T35k (F 5 B CIC-D100, H[E) Ml & FH B F (Na™, K'. Ca*", Mg™) I & ¥ (CI'. SO, .
NO, . NO,) M . R &% E TDS &, it pH X (FEZL A3 PB-10, v [E) I & %
W pHe BIR AT E 3 D FATHE
1.5 HESH

TERESE R R R 2 IF, SR HTBCXT T A 9% (L) >R oAt W0 20 [A] A B a2 AP e Bog e 25
2 #HR512
2.1 AETDS RERE THENKD TN.TP EBRYREEEKIFR

25658 R 50 umol-m-s™' . YRGB [A] b A 16 h/8 h i, AN [H] i i ¥k B TDS T Scenedesmus sp.
FACHB-1574 X & 2s B e HAE KRB 1 rzn, AL HE TDS Fi & Bk 1.35 g L' 176 B KR
W, TESCIGAE 6 K, TN £k I KA 93.81%, T4k B TDS i & ¥k J& 0 2.70 g L7 9 J5L K 1),
JIV Z 5 8 K TN 2B A K B e KAA 90.98%. Joit B Fi B/K AR SR K, W 7E 2d N TP ¥ a3
FIAR LB, LBEFHH 96.36% 1 92.73%. i ROC H 1 3 % B 78 56 10 Kk 2 e KA, HAEH
oK AR H 43 0 R 25.6%10° cells-mL ™" 1 26.7x10° cells-mL ™", IEHF, 2 Fl TDS B B, #A4E
Y (TE) 7350 1.01 gL F11.09 g L', BBtk 7 5 0.42 g L7 #1043 g L'(B 1 (d)) , R
J ) R 41.58% F1 39.45% .
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50 120% 0.6 —120%
WA —=—135 g'L" %Iﬁ*i ~-m--135 gL WeJEAR L ——1.35 gL' L -n--135gL"
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Fig. 1 Effects of TDS concentrations on TN and TP removal and microalgae growth

— % Scenedesmus sp. FACHB-1574 7E /N [] TDS i & W T TN, TP 2= i % il s 2 & 504 iF
TS BEESN, SRWFE 1R, £ TDS K 2.70 g LI X TN (9 £ B R T 78 1.35 gL i}
TN 1) £ BR R (p<0.05) , HHE 1 (@) ATAT, X PR TDS ¥ T 1) TN KB RAEH 8 Kt 4 5 vl ik
89.64% Fl 92.91%, A #%ik . TDS Ji it ik i 22 5 JF AR X TP 2 B 8508 T3 2% B2 7= AR I 35 5% )
(p>0.05) . PHtk, JEKd TDS W EE K 2.70 g L' B &1 A 2: B A Scenedesmus sp. FACHB-1574
MR P, O 225255 34 R 3 15 7K ROC 7K R IF R
22 AEIZERERTELE 4 TRHEEX KRS TN TP AR REKER

25658k 50 pmol-m s B, AN  IG BRF [R] H X ok s 25 o3k 20 8 2R e Bl A A 1 g 4 11 2 o
IR AEJCIERTE] FE N 24 h/0 h (SR 40F T, TN LR, N 90.35%., 7EGREE A H 12 b/
12h, 16W/8h, 204 h'F, H i TN LBR# 53518 82.49%. 90.08% 1 90.23%. TE 4 FlOGE L 451
T, R 2d N TP A K BRRIAE 90% LA b, X BEEA G o 45 1 X TP L BRACR A Ko
PEAT B4 10 KIF, 78 4 FOGRE & 4F (120/12h, 16 h/8h, 20h/4h, 24h/0h) T, B E /5N
20.33x10° cells'mL ™", 21.96x10° cells:mL™", 23.27x10° cells-mL~" 1 23.73x10° cells-mL™", A% Jii & ¢ J&
(FE) %8 081 mg'L™, 098 mg-L™"', 1.18 mg-L™" Al 1.19 mg-L™", & A A5 It Ji &= ¥k B 43 5
031mgL"', 042mg- L', 0.4l mg L' 031 mgL", MISESETH N 38.27%. 42.86% . 34.10%
1 26.05%.
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®1 TETDS RERE. SLEREL., XBMAHRBLLZHET TN, TP EREMREERIENTH
Table 1 Analysis of TN and TP removal efficiencies and algal density under different total dissolved solids (TDS), light/dark
time ratios, light intensities and nitrogen/phosphorus mass ratios

2 4153 TNEBRFpfH TPEBRFRp(E* PR p(E®
TDSJ5 e i 135 g L'fI2.70 gL * p>0.05 >0.05
12 /12 hfi16 h/8 h ok p>0.05 ok
12 h/12 hF120 h/4 h *o >0.05 o
12 0/12 hF124 h/0 h * o o
SEHE ] L
16 b/8 hfiI20 h/4 h Ho p>0.05 4
16 h/8 hfil24 h/0 h o o H
20 h/4 hfi124 h/0 h o p>0.05 p>0.05
25 pmol-m™s”' 150 pmol-m 5™ ok p>0.05 ok
S 25 umol'm2's 'A1100 pmol-m2-s™ ok p>0.05 ok
50 pmol'm*+s™' #1100 pmol-m>s™ * p>0.05 ok
107:17114:1 * >0.05 *
ER TR 107:1417:1 * p>0.05 *
14:117:1 p>0.05 p>0.05 p>0.05

TE: *p<0.05J*RR, REBFES; p<00I3R, KERMEFESR; p>0.05, RERRE.

1209 . 12
60 HeJFARqf, —a— 12 h/12 h L% - =--12h/12h % 06 0%
—e—16h/8h -e-16h/8h
50t ——20h/4h -4--20h/4h 1100% 0.5 _ - 100%
v—24h/0h - v--24 10 _;1 S R St e D)
L 1 w 2
~ ~ ;R PRI
L, 40r 80% L 04 ! ——12w12h  -=-12w12n | 30%
& o 2 / —e—16h/8h -e-16W/8h W
= 30} 60% & =03 )/ ——20h/4h -4--20h/4h 60% &
Z X = ! ——24h/0h -%--24h/0h %
k% %
2= 20t 40% 2= 02 40%
II
10+ 20% 0.1} 20%
,I
0 0% 0.0% . - 0%
0 2 4 6 8 10
RE Rl /d KRl /d
(a) TNZEB (b) TP
30r
—=—12h/12h 1.4 - 100%
25l  —e—16h/8h Z RS
NN gt

—A—20h/4h 12l : T
T: —v—24h/0h ? 7 80%
3 T 60% s
[5) — L
< o 0.8 7 4
X =1 &
= i 0.6} § 400 =
Eé 0.4} § §
§ 20%
02}
0 . . . . . 0.0 0%
0 2 4 6 8 10 12h/12h  16hW/8h 20h/4h 24h0h
REFEmal/d SEmE A
(c) W (d) 55 10K T AR I &

2 ERERTEIEE ST TN, TP AR RACRE K
Fig. 2 Effects of light/dark time ratio on TN and TP removal and microalgae growth
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HE— W BT TR RS R, 250U 1. 78 3 MRS R L (12 h/12h, 16 /8 h T 20 h/4 h)
FAEF L TN B 5 % R 2 ' R (] ) B R T 84 . Ak e i IR [ 22 24 h/0 h, If5 20 b/
4 h Y S 5G S5 RSN . FE R NV IEAT B 10 REF, TN KBRS 90.17%, W& T 20 h/4 h i (1
88.69% (p<0.05) o 2 4P % B W ENEZE R (p>0.05) 5 H 24 h/0 h 21 B9 g it & 1 W] AR T H A 41
(Fl2)). BHEBNBESEIAC, B NAMMIEIT %, 68 RN &0 T WE17 9 5k
TR R0 BB [B) i S I OB C A R, Eimisg g FLAE PO, Rk, A B A GG B[] L
B FRMEOCEERNIET LA S ENF R 456 MEExE Y ZBRBCR LY R BB
B, A 5 1 22 B A G S IS A] HE A 20 h/4 he
23 ARIZEEBTREEXTKF TNGTP R ERE KK

FE B AECRE BT L 20 b/ h R, o R 0B 25 B 5 R R A i A ROIR I s e G 1] 3 B OR o E
100 pmol-m*-s™ YR T, X TN 1Y K BR R AL 8 K ik 2 K{H 90.38%; #E 50 pmol-m™>s™' Sk
T, EERFIES 10 KK B R MH 89.27%; 7E 25 pmol'm s ' JGIR T, KERHRIE 10 Kb KMH
84.56%., £ 3 Fh w254 (25 umol'm s, 50 umol'm2-s™', 100 umol'ms™") T, TP £ 2d N5 5|
BRER, EBRBEYLE 0% UL, VAT RS 10 KEF, 783 FOGE T, B 514 20.70x10°
cellssmL™", 22.51x10° cells-mL™" 1 23.31x10° cells-mL ™", fafe i ik & (T 8) 4 0.96 g’ L', 1.13 gL
121 gL', BB W E N 038 g L', 046 gL' #1043 gL', R &N 39.58%. 40.71% Fi

. 120% 0.6 120%
O rwEER TRF ‘ ‘
—=—25 ymol'm2-s”! - #--25 pmol'm s
50} —*—350pmol'm™s" --e--50 umol'm™s™" 1100% 0.5 ea {100%
AL+ 100 pmol'm 25! -4~ 100 pmol-ma-s*f | @I FmmemoRen
~ S . ' WL
z - 1 ~ 2 52 ]
L, 40 80% @ 0.4 05 pmol-m s 80%
%‘3 M %n —e— 50 pmol'm2s™! M
= 30 160% & = 03 —— 100 pmol'm™s™ 1 609, &
& H A H
& &=
3= 20 1 40% 3z 02 -m- 25 umol'-m2st | 40%
- @- 50 pmol'm2-s™!
- A- 2.1
10 { 20% 0.1 4- 100 pmolrm =7} 500
x’
08” 0% 0.0 = * s 0%
0 2 4 6 8 10 0 2 4 6 8 10
KRt a)/d iRt a)/d
(a) TN R (b) TPER
30
—=—25 pmol-m2-s”! 1.4 T 100%
25 —e— 50 pmol-m™s™! - NN enii
~_ m2.e1 ..
2 —4— 100 pmol'm™*'s N / 0%
E 201 10f . /
e AP 7 60%
& 15 o 4o
< S s
i & 06 5 40% =
= 10 H- \
= 0.4
I 20%
5 0.2
L
0 : . . . . 0.0 0%
0 2 4 6 8 10 25 pmol'm2s™' 50 pmol'm2+s™' 100 wmol-m2-s!
BiFR e /d i
(c) WS (d) #5 10K F AR B &

B3 H3EX TN, TP EBREHEEKEN
Fig. 3 Effects of light intensity on TN and TP removal and microalgae growth
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35.54% (K13 (d)) o — M5, MMM SRS A K, (H 2000 A 2DEI I BE R, SBiR iy
51 A PR )| R K 0 s ol v L @ VAR 111 = R o D - & Fa .7/ i1 )i =D il 1 -1 VAN PR R
PP 552, O[] S A X6 i S B AL P BB A AE 22 57, INTT S BUIR W7 & = i FH s sl BRI . 7EAC
roErr, GBEAR BT B i B G SR 0938 0 S T S WA D, A E A DGR A S g . W R
W TEDERAMAT, PAENRRREYH TR R, WA Z LRI A6, R, duf aF
K& KM, Scenedesmus sp. GUBIOTIT1165% | Desmodesmus sp. Fl Scenedesmus obliquus % 55358 73 i 2
e TR B AR B 25 P, X 0] Rt TR RREE e, B 2 A Bt R e W i Ak Sk s i
iR KXo Bt A A DL

TR SRR, 3 ESAMT, M@EXTTPE’J%I‘%A&%%E%?’%# GR 1) . Tk
25 umol-m2-s™" Y A5 B R A9 4L 55 50 pmol-m ™5™, 100 pmol-m>-s™ Y B 5% BE T 1Y 2 2H K4 E 47 %t
e, XTTN%V]}K*Mﬁ AR 25 JEIERE R 50 umolm s ' #1100 pmol-m>-s™" A}
TN 19 2B 22 M 3, (A SRR AR BN, PIZLAY TN LERFRAEE 10 K2 T8 (B3 (a))
R 225050 R P B OGRS 100 pmol-m™>-s™ A SEER A .
24 ARIRABMREBLETHRUEXKF TN TP HERBREEEKIE

TE 5 AEE R 100 pmol-m s FIGHEIS [A] 20 h/d h '~ , U BT ik L % 00l 25 B S 0 26 K A 52
WK 4572 76 3 M A B & 1L (107:1. 14:1 F1 7:1) 514 F , Scenedesmus sp. FACHB-1574 Xf /K

60 120% 10 120%
WAy, —e—107:1 25K - = 107:1
e 141 - e--14:1
50 —a— 7:1 - 4--7:1 100% 8 coorr&ccooogrcooog-ooo-a 1100%
4 80% 4 . 254 —a—107:1 - a-107:1 ] 30%
& . & —e—14:1 - e--14:1
g e £ -
\2-/ 60% i_% E/ —a—7:1 - A--7:1 1 60% &
H E H
e 40% = 1 40%
20% 2 1 20%
0% 0 . - . - 0%
0 4 6 8 10
REFRmt ) /d KGR /d
(a) TNZEBR (b) TPZ:&
30
—=—107:1 14 100%
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Fig. 4 Effects of N/P mass ratio on TN and TP removal and microalgae growth
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Optimization of treatment conditions of reverse osmosis concentrate d
wastewater from municipal sewage by microalgae
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Abstract The reuse of municipal wastewater is an effective measure to solve the shortage of water resources.
The reverse osmosis (RO) process has the characteristics of being efficient and easy to operate, which is an
important method to produce high-quality reclaimed water. However, reverse osmosis concentrate (ROC) will
be produced during the RO treatment process, which accounts for 25%~50% of the municipal wastewater
treated. ROC contains high concentrations of total nitrogen (TN), total phosphorus (TP) and hard ions (Ca®",
Mg*"). Microalgae can provide an effective way to simultaneously remove nitrogen, phosphorus, Ca** and Mg
from water, and can achieve resource recovery at the same time. However, there are still few studies on the
condition optimization of municipal wastewater ROC treatment. In this study, Scenedesmus sp. FACHB-1574
was used to treat municipal wastewater ROC. The treatment efficiency and growth status of microalgae were
studied under different total dissolved solid (TDS) concentrations (2.70 g-L™" and 1.35 g-L™), light/dark time
ratios (12 h/12 h, 16 h/8 h, 20 h/4 h, 24 h/0 h), light intensities (25 pmol'-m*s™', 50 pmol-m s, 100
pumol-m*+s™") and nitrogen/phosphorus mass ratios (107:1, 14:1, 7:1). The results showed that Scenedesmus sp.
FACHB-1574 could adapt to the condition of 2.70 g-L™' TDS in the investigated municipal wastewater ROC.
The removal efficiency of TN increased with the increase of lighting intensity and time. Increasing the
phosphorus content of ROC to achieve a nitrogen/phosphorus mass ratio of 14:1 could improve the TN removal
efficiency and the biomass of microalgae. After microalgae treatment for 10 days under the optimal conditions
(light/dark time ratio 20 h/4 h, light intensity 100 pmol-m2-s™', nitrogen/phosphorus mass ratio 14:1), the TN
and TP removal efficiencies were 92.83% and 99.68%, respectively. The algal density, dry weight and lipid
content were 23.62x10° cells'mL™", 1.10 g-L™" and 34.55%, respectively. During the growth of microalgae
without CO, addition, the pH value of wastewater increased from 7.5 to 10.7, and 52.7% of Ca*" and 33.9% of
Mg*" were removed. This study can provide reference for the application of microalgae in municipal wastewater
treatment and recovery.

Keywords reverse osmosis concentrate; microalgae; total dissolved solid; light/dark time ratio; light
intensity; nitrogen/phosphorus mass ratio; Ca’"; Mg**



	1 材料与方法
	1.1 实验材料
	1.2 实验方法
	1.2.1 TDS质量浓度、光暗时间比的设置及光强设置
	1.2.2 氮磷质量比设置

	1.3 微藻生长对Ca2+、Mg2+的去除效果
	1.4 藻密度、干重和脂质含量及水质分析
	1.5 数据分析

	2 结果与讨论
	2.1 不同TDS质量浓度下微藻对水中TN、TP去除效果及其生长情况
	2.2 不同光暗时间比条件下微藻对水中TN、TP去除及生长情况
	2.3 不同光强下微藻对水中TN、TP去除及生长状况
	2.4 不同氮磷质量比下微藻对水中TN、TP的去除效果及其生长情况
	2.5 未通入CO2时微藻处理ROC的效果

	3 结论
	参考文献

