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Abstract: Heparin sodium production wastewater (HSW) is rich in nutrients, making it a potential culture
medium for microalgae. To explore its feasibility for microalgal cultivation, three strains of Chlorella sorokiniana
(GT1, XY3-3, and CMBB276) were cultured in HSW at varying volume fractions (10%~40%), and Chlorella
sorokiniana CMBB276 with high tolerance to HSW was screened. To determine the optimal volume fraction of
wastewater, the author investigated the removal processes of nutrients, along with the variations in biochemical
composition and calorific value, during the growth of the strain CMBB276 in HSW at different volume fractions.
Results demonstrated that as the wastewater volume fraction increased, the maximum cell density, total nitrogen
(TN) removal efficiency, mass fractions of carbohydrates and fatty acids, and protein productivity of CMBB276
gradually decreased, while the total organic carbon (TOC) and TN removal rates and protein mass fraction
gradually increased. The TOC removal efficiency and calorific value remained relatively unchanged. The optimal
wastewater volume fraction was determined to be 20%. At the end of cultivation, the cell density of CMBB276
was 6.4x107 cells/mL, with TOC and TN removal efficiencies of 83.3% and 63.0%, respectively. The mass
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fraction and productivity of protein was 52.5% and 22.22 mg/(L-d), respectively, with a calorific value of 20.37

MlJ/kg. Therefore, cultivating C. sorokiniana in HSW at an appropriate volume fraction can efficiently remove

TOC and TN from the wastewater, while the cultured CMBB276 strain, characterized by its high protein content

and calorific value, holds significant potential for resource utilization.

Keywords: heparin sodium; production wastewater; Chlorella sorokiniana; protein; purification;resource utilization
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Table 1 Physicochemical characteristics of heparin sodium
production wastewater
EizR ZH
TOC (4236.6+133.3) mg/L
TN (1510.5+49.4) mg/L
% (2.13£0.06)%
pH 8.3+0.0
112 3 % A& BGIl ¥ 3% % : NaNO, 1.5 g/L.

K,HPO, 0.04 g/L. MgSO,7H,0 0.075 g/L. CaCl,-2H,0
0.036 g/L F7 % 0.006 g/LF7 45 % 2k 45 0.006 g/L <
Na,EDTA 0.001 g/LNa,C0O;0.02 g/L..H;BO; 2.86 mg/L+
MnCl,-4H,0 1.86 mg/L. ZnSO, 7H,0 0.22 mg/L.
Na,Mo0O,-2H,0 0.39 mg/L. CuSO,-5H,0 0.08 mg/L.
Co(NO,),"6H,0 0.05 mg/L; 21 K hit Endo 1% 77 5 : ] %]
BE 30 g/L. KNO; 3 g/L. KH,PO, 1.2 g/L.MgSO,-7H,0
1.2 g/L F7 B R =4 0.2 g/L.CaCl,-2H,0 0.105 g/L.
FeSO,-7H,0 0.016 g/L. EDTA 0.002 1 g/L. H,BO,
2.86 mg/L. ZnSO,-7H,0 0.222 mg/L. MnCl,-4H,0
1.81 mg/L. Na,MoO,-2H,0 0.021 mg/L. CuSO,-5H,0
0.07 mg/L.
12 NEEEE

JLBWW-TSTI12F B! ) [ A= 4 15 7% 42 = b ifg A
A F ;ZHIH-C115B B % TAE & - B W A
; CX31RTST 2 % 18 & 7 4 : H & Olympus &
;Freezer 12 B B 5 ¥ 5 T 1 1 : 3 [E Labconco
2 H] s ProQuarto B 2 S HUK B 73 A : R EH YSI A
F] ; TOC-L CPH/CPN i 5 HL B 43 M A« H A&
Shimadzu 7 & ; PE204E % CHNS 7T & 7> BT 4% : &
PerkinElmer 24 & ; DR 6000 7 4& 41 73 5 6 FE i -
5% [ Hach 24 7] ; 7890B B4 < AH £ 1% i 1% 16 FH A% < 55

DA
|
|

0

MBS : FFRENE BRI DEKREKEFYERIZM

[E Agilent A #] .
1.3 7%k
1.3.1  SEAF 5 % 7F 250 mL 4 /23 o 2 5 m A
120 mL A AR 43 B0 (10%.20% +30% A1 40% ) [ 1T
RNV IR K AL T o0 H A KA I R 2 4 /N BRI
XY3-3.GT1 il CMBB276 F J& & /K i& ¥k 3 ¥, ¥ 2
BRAT 85 72 5L 5, 1 HEATT 0 40 8 5% 10° A /mL 43 5l
FEFP 2 DL b 4 Bl R4 Hr) PR K R, B R 14 ds
MEBEE2ANES BRTIERER. HR%k
PR R (2342) °C, %, Y658 % N 100 pmol/(m™s) .
76 1.2.4.6.8.10.12.14 d BUAE 2 mL H T 40 1 %4
132 KA RMNZ  5HT7E2.6.10.14 dHL
5mL &P 4 /NekiE CMBB276 Fl T /K it # 4k 48 b
M 5E
1.3.3 mEA K w  FFH A MR RE R ok s AR
KA B o A R L 240 A v B0RR £ 8 R T I e
41 i %, iR 9 CMBB276 A4 & 5 41 i %5 & 2 8] 1)
LR R, TG A RO~ HEAEY %,

v X

1x10°

v

N—E Y &, mg/L;

X— T 48 i % F , A~ /mL.

g NN

=t
X
B—— A 77 2, mg/(L-d);

QP)

(2)

N, IS HT R AE M) B, mg/L s
N— 5 t RIWEE Y & ,mg/L;
t—— 0K ;

— 5t K.

1.3.4 ZEAKRZAIKARMNZ  F 5 E O 4000 g,
10 min) Ji B & 3% 000 5 BEAL 48 b o 1 H B ML
B4 B G 5 TOC AT TN. B 7R £ R EME 5%
Y2 BRI R % A N~ .

2 Co=C.

0

x100% (3)

A

R HIRMERE, %;

o RS H O AE Y B, mg/L s
C— it RWMEAYE ,mg/L.

4

135



136

Journal of Food Science and Biotechnology

v

S B IR EREE , mg/(L-d);

C, RIE AT A Y & mg/L s

C— Bt RWMEEAYE ,mg/L;

Lh— % 0K ;

— R
135 #Esfemmn g S A RN E: KH
JGER TR E R AR RIS 1 d B0
(3000 g5 min) i £E 5 40 0 , I FH 20 /K38 Bk 20k LA
FRIRAFE TR R VR T 18 J5 3RS K . MR
B3 mg #EAy , BB A IR R B R & L 1R R
ANFES B . FTIF T E AL CHNS J6 K 23 1 ORI S,
W&, FH T 2 AR b A, AN 28 38 AT 5 Wl 5 4
ME TR E S H . B ARG~ HE R EN
J5R R R 4 BOR R A R R

Wp=6.25 % wy (5

X

w,— By B 2R B B R B CRAEE R T R
=), %5

Wy B I B TR R %

O=Bx*wp (6

vl L

O—EHM% ,mg/(L-d);
FERy B EE A O B B C AR T
211),%;

B—"EW) % ,mg/(L-d.

TR B K AL & 5 < R R I -1 R 2 (80
D5 B HE OB K A B R A B . R
10 mg # K 2 15 mL &0 7,3 000 g &0 1 min;
i\ 0.5 mL UK Z & , 85 °C 7K ¥ 20 min; 5 i1 A
10 mL A i, 3000 g & 0> 10 min & 25 K B & W
A 2.5mL )4 mol/L =4 & &, 100 °C/K it 4 h, &
30 min $& % VR &) — K KR J5 BUORE S B T UK B YA
H1, W B 200 pL 7K fi# A1 800 uL & 18 7K %2 1.5 mL
BT, 12000 g B0 5 min: W HL 100 pL & W
215 mL &0, BT UK B ks R A
4.5 mL & 4% (15 mL H,S0,.7.5 mL H,0.0.15 g
), 100 °C /K ¥ 20 min, = & W& , W &
490 nm &b WG FE AR 4 OG T BB KA S )

L5 i 17 TR I 22 < >R F GC-MIS ¥ 3 5 ol 355 20
it i 7 R R & 4 2. FREX 10 mg K & 1.5 mL

w,

BE292H1 2024 7 A | ERE5EYBARFER

FE SO, N 200 pL 505 5 W BEIR & W (AR R
2:1).300 pL & HCICH AR 73 # 5% ) 1 FE I v v A
25 uL 1 10 mg/mL + =B K ;85 °CTLE 1 h, &
A 15~60 min, ST 1 mL 1IE &%, R RS G
FEEE 1~4 hsbric —HF I 1.5 mL A 8O, 9
AN 960 L IE &% 1 400 uL # B & W, A
25 uL 1 1 mg/mL -+ ke, PR 3% W 50 f5 B AL FE
13.6 #AEM 2 RIE 1.3.5 % 70 20 B A il 5
MBI R R E S A n R E S B E T &
JR o B FE IR A RO IRV .

H,=(3.55%®c¢?-232%wc-2230 X 0y +51.2%

we X oyt 131 x wy+20 600)x0.001 @)

vl

H,—#d ,MJ/kg:
R 1) Bk 7GR R B, % s

Wc
B E TR R %
o B R ITTR TR E %
137 %o 41 BE P B E b M 2 320K, Al

H Origin 8.5 % & . ] H] SPSS 16.0 # 17 J7 % 7
M, P<0.05 M %55 B 3E .
2 RS0
2.1 EMIFELER

3R Y & /NERE GT1.XY3-3.CMBB276 1 4
o R R B ) 2R B A P R K R B 37 14 d I 4 i
FEAR AL 1. 45 FAR B, 75 AR AR 43 B 10% 1) R 7K
L3 RRNER AR K. GTIEM G A 1 dIER I,
XY3-3 il CMBB276 2% J5 , 40 ffd o] DA ARk 73 2 4
K 15 9% 45 RIS, CMBB276 48 i) % i (7.1x107 4> /mL)
BT XY3-3(5.1x10" AN /mL) A GT1(4.2x10° /mL) .
JH 2 B AR 77 TR K AR FR 4 B0 20% I, GT1 A K 47
18, 55 7% 55 10 RIRAF 5 K40 M % & 1.5%10 4 /mL,
4k 2 15 77 0 40 Mo % FE gk /b, XY 3-3 Al CMBB276
P51 Be PR R AR K B 9R 45 R, CMBB276 fil XY3-3
() 20 B %5 B (6.4x107. 5.9x10" /mL) & T GTI
(1.1x10" A~/mL) « 7E & K & B4 0 30% B,
CMBB276 4l Jitd % B ¢ 5 » GT 1 41 Jifd % FE e ik, H. 91
AR T L A P A T I 41 M B s XY3-3 /5 0~2 d
N SE B, 45 I 40 M % R A 3.6x107 AN/mL;
CMBB276 1E 4K F173 $ 30% I & /K Hh J0 4E i 19, 45
TR 2 B %5 5 O 3.9x107 A~/mL, 5 XY 3-3 41 i % &
FHAL o TEARFR 5 50 40% (1) T AN 7= K K, GT1



Vol. 43 No.7 MMEE: FEMEFEASNKEERKNERYERNZ N
810 o Xy33 BT vaa
7x107 | GT1 7x107 GT1
—+— CMBB276 —e— CMBB276
_6x107 __6x107
— =
£ s5x107 £ s5x107
< <
LM 4x107 M 4x107
g 3x107 g 3x107
S o107 tox107
1x107 1x107
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1 23 45 6 7 8 910111213 14 1 23 45 6 7 8 910111213 14
i) /d i 1e)/d
(a) RBUE 0% TR fi A IRk (b) PRFRSTHE20% T BN A K
810" —o— XY3-3 810" r 4 XY3-3
7+ GT1 L GT1
T o CMBB276 70T cMBB276
. 6x107 F 6107 |
3 3
S 5%107 S 5x107 |
x40 X107
%ﬁ 3x107 %ﬁ 3x107
& 2x107 ¥ 2x107
1x107 1x107
0 | | | 1 L 1 L 1 | | | 1 | | O 1 1 1 1 1 1 1 1 1 1 1 1 1 1
123 45678 910111213 14 123456 7 891011121314
o g
(c) TRFRGIEL30% 1 I B AR K (d) F T EA0% R 2 dh A ™ K
A1 #%%& ) #¥EGTI.XY3-34 CMBB276 /& 4 # 4k AR 5 T F M £ & R K ¥ a9 £ K IF A
Fig 1  Growth of C. sorokiniana GT1, XY3-3 and CMBB276 in heparin sodium production wastewater at 4 volume fractions
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Fig 2 Changes of TOC in heparin sodium production wastewater

at 4 volume fractions
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8.7 mg/(L-d) ; JE /K A& FH 73 0 20% ), 15 77 0
10 d TN V38 FE AR, 85 9% 45 R, TN 2 B 2 f &
B3 3 R 23 5N 63.0% F1 14.0 mg/(L-d) 5 & K 1k
BN 30% B, TN TE /T 6 d PR R B&, 6~14 d 2%
18 B AR, TN 25 Bk 26 A1 25 B 3l R 4 51 8 64.1% F
21.4 mg/(L-d) ; J& KA T 5 B0 40% B, TN 7E 5
FEHT 10 dEE T BE, B TN 225 N 63.1%, 5
32 10~14 d TN b Jb, 55 58 45 I TN 22 [ 8 fl £
B3 38 43 ) N 54.4% A1 24.2 mg/(L-d) , 2 B AL
FARB B 10% K L Br R, 5 H A4 T8 W
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Fig3 Changes of TN in heparin sodium production wastewater
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JR B AR B 1) 38 0 RE 9% (i 3 CMBB276 X TOC Fl
TN . 3% 5 FL A S5 0 78 45 SR AR BL, B R K AR
RS I AT A 3 0N ER g e A A R e

F2 CMBB276%t TOCHM INMEBRIERSHREREMN
XE
Table 2 Correlation between the removal rates of TOC and TN

and their mass concentration levels by CMBB276

ENCRVDH ERES e R
TOC 0.059 4 0.316 8 0.994 5
TN 0.034 6 3.5929 0.9519

2.3 CMBB276 ZE A EMAFR 7 R 7K P B & (L 2H R
CMBB276 1£ A A 44 73 Hi 2z 7K H i A Ak 4
W 4. BEE R AKARTS 208 i, CMBB276 {144k
2 R 2 R AR A, B T 0T R A0 HOE R
KA & W) R 7 R 5 & Sy BOZ W R AR . AE R K
RFL BN 10%.20%30% A1 40% I 4614 F , &
5T 43l 5 48 T B & 47.9%52.5%61.7%
1 65.2%: Bk K AL & W 43 il o5 48 T i E
37.8%36.1%18.9% 1 15.6% ; Jig 7 & 2> 7 o5 40
LT 5 B ) 7.3% 6.5%+5.6% 1 5.9%. 45} %
B, H 280 AR 77 B K B 92 CMBB276 1 LLAR
KARBEHEAN, ML —ENoKkEw D&k
Ui B o AE A [E A B Ay B AR AR R K
CMBB276 [ & H Ji ™ 2 75 7l 4 22.46.22.22,
15.18.14.44 mg/(L-d) , F| F B % 84 4 7= 1% 7K 3K
5 T B B 0T R IS BTN I 2 O AR AR 4 2 10% AN
20% . fot AT DL I [E 46 AE S NO,-N A NO,-N
¥ 4L N NH;-N, NH,-N #F A 8 A MR Qg 2 i &
GREAR. HFRERMNETEKEASAR, AR
FEEARM A K. Yang 2R KA Kk B R
K B I BE B R K AR R o Ho o, O BR B
JoT 32 T 15 0, 2 B R AR R O B KB R T O R
M A B0, Metsoviti 5 B 58 28 B /N BR 35 1% 9%
e RN G AW G AL R 6 R S L - S W
JoT B 5y H, ) a6 A B 2 L 10 mg/L 3 N =
800 mg/L B , B E A M I T 30%°Y . Xu %R
B 7% CMBB276 I, 8 H it it & 4> N 33.6%~
40.0%" 7, A% F- 12 30 56 0 A5 1) B 0 A A
R S ) FH 2580 AR 77 IR K 85 97 CMBB276 4E 7~
AR SR K Ak Rt YR AL R R B R0
1o U/ BB K iR K & 7R R 4 %1 20%
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Fig4 Biochemical compositions and protein productivity in heparin sodium production wastewater at 4 volume fractions
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Table 3 Elemental compositions and calorific values of CMBB276 in heparin sodium production wastewater at different volume

fractions
mi@fi;im CICHE &7 #/% HILZRESH/%  NILERES % S JG i & 0 HU/% B/ (MI/kg)
10 47.09+0.05° 8.60+0.60° 7.66+0.01° 1.00+0.02° 20.10+0.08"
20 47.67+0.08" 7.89+0.11° 8.40+0.04" 1.2140.04° 20.37+0.02°
30 48.29+0.30° 7.34+0.39" 9.880.04° 1.09+0.07% 20.75+0.23°
40 48.70+0.10° 9.84+0.19° 9.51+0.04° 1.16+0.05" 21.56+0.11°

o F B [ NS 2 BEEROR 22 57 12 3 (P<0.05) o

3w

25 A8 35 40 A 77 R K 8% 77 B0 L W0 1R
KT IRRD &/NERIEN A KA O, % H ReTE R
K P AE KA R Rl CMBB276. R 9T T E
AN TR) A R 23 BORF 2280 A 77 IR K R 2 T R T A Ak 4
S Fo X TOC A1 TN I 5 BR AR . 45 R K ,20%
N IR IE TR K AR AR 2 B, 7R % 4 1F R CMBB276 [ 4
Ji %5 i e i N 6.4x107 S /mL, TOC AT TN £ B& 4
Al N 83.3% 1 63.0% , 85 i1 it & 4y FUA 7R RN
52.5% 12222 mg/(L-d) . F| 3 B A& F5 B
I F AN A 7 R K B IR R B G /N BREE R 08 1 A AL

% 7K HF ) TOC A1 TN, J& /K £ 77 1) CMBB276 B
TR R R P SRR W A RO S BT R
BN A PR R K IR 1A R PR AL R ARt T
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