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Nutrient removal from piggery digestate using a microalgae—bacteria system and its influencing conditions

LUO Long-zao'?, ZENG Fan—jian®, TIAN Guang-ming”

(1.School of Chemistry and Environmental Science, Shangrao Normal University, Shangrao 334001, China; 2.College of Environmental and
Resources Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: Owing to the high concentrations of nitrogen and phosphorus and the imbalance in the C/N ratio in piggery digestate, it is difficult
to treat this wastewater based on traditional biochemical processes. Desmodesmus sp. CHX1 and agent bacteria with high—efficiency organic
pollutant removal were used in this study to develop a microalgae—bacteria system that effectively treats piggery digestate. The aim was to in-
vestigate the effects of temperature and light on the purification of piggery digestate in the microalgae—bacteria system. The results showed
that the addition of organic pollutant degradation bacteria not only improved the growth of Desmodesmus sp. CHX1(the biomass increased by
23.53%), but also increased TOC (total organic carbon), NH,~N (ammonium nitrogen), and TP (total phosphorus) removals by 13.40%,
3.39%, and 5.90%, respectively, during piggery digestate treatment. Temperature was an important factor in nutrient (TOC, NH;-N, and
TP) removal. A temperature of 30 °C was the best condition for the highest microalgae growth rate and TOC and TP removal rates. The bio-
mass of microalgae reached 2.21 g+ L™, and the removal efficiencies of TOC and TP were 72.64% and 26.66%, respectively. The best condi-
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tion for NHi=N removal was 40 °C, which possibly enhanced NHi=N volatilization. Light radiation intensity was another key factor for purify-

ing wastewater using the microalgae—bacteria system. By increasing the light intensity, the microalgae growth rate and photosynthetic oxy-

gen production obviously increased, and the TOC, NHi=N, and TP removal efficiencies improved significantly. However, the growth rate and

removal efficiency did not increase when the light intensity ranged from 400 pmol-m™+s™ to 600 pwmol-m™+s™. The highest microalgal bio-

mass and pollutant removal were observed under 400 pwmol - m™-s™" light intensity, leading to the highest microalgae biomass of 2.35 g+ L'

and the highest removal efficiencies of 57.03%, 68.01%, and 59.66% removal for TOC, NHi=N, and TP, respectively.

Keywords: microalgae—bacteria system; piggery digestate; photosynthetic oxygen production; nitrogen and phosphorus; organic pollutant

U AR, B [ IR R SR VA e AR K
NG IR K 250 37 8 10 e A5 RS A B AR R ol ™ 1
JEE o T P AR KB SR S AR ) DR AR T Ak
PR GRS IR AT A . FRME K B R4
KT Z2 G040 B S 15 2 (VR W A LY o R R
MY (R RS TR M R ™, Hk A L
P S AN T A A b B e — ol X Ak B (75 K
H AT, 5 R et Oy X R 2 i& e ALY A 4%
A S AR B (I T8 AR IE S Talk Ak Ak
Py v CRLEG A vk M B AL 4 1 )94 LG ib
HH R B A 2 v Ak B R B8R LA B0 /N B 4T A
G H 8 S (HAR AR A FRAICRAIG L o b T Y
KA SR 2 ZE s m ok HERE R 4 5 5k
TGRS o T AR ER Tk SR AR PR
ER A EY N I O N €A CIE &N NE i A S
ML . R, SR —Fh &5 A U R SR Wad ik
AR BN,

A — U B RORAR S I A 7 4 g
WM R ) R B A R A K S B AR A A
R RE IR A P O E A S BB A T E Kk
ABEEFRICE, nIVE M AR RS0k . K
THEERE T SR TR WA L A Ak, T 7R R s
[ SEBTR W el o 55 FLAh b PR AR A L, B
PR IR R IR B B AR A MR R L3 e
whnfkEY e A H R A eI HERE ) R
7 e B IAEL AR P = R AR Rl AR 2 R IF
TUCE R A 200 AT ) 355 % P I 7K A B e B
BRI AN T A7 2 T FE Ok
A AR R AR T R DR A Aot v W e AR R Y
T, R EER 5 K T A HLA o il R AR A Bk, S TR
HAAE R R AL AR UE . A TR RN FEGEE Y B [ A A AR
A DA S e AR e i IR AR SRR X
— M () A= P AL B ISR R ) AR RE A o B A
AEFR ) 509", ORI FH S TR 3R Ge ok A BRI K Rl K
BB AT AS . DRI, - DA e A AR BRI K R

TR EARKILS . BArF2eE 2t R
A K BE R AT RIPTFE , X LeiF T 2 e R
BT ORI BOK AL B R P AEE RS e, DL
JRE 7K P 3 B B A B A 14 AR LR e,
AELT 52 W60 5 T 2% 290 1 [ 2053k e 140 A S 2% AFE 5 4
B AT AR 5 W Gl A 0 B il i AR RN BB RO S
VR, X 102 7K v 28 1) 2 A% e A 7 A JE A 1 R i 2
FI RS2 ma ML i AN 1T B

AR SCLAX F7 48 K BA B AR ROCR 16 3 5 R
SR BT IR R 0 F P AR AL A AL A7
7 N - IERE IR R G, S X iR
AR SCR , [ IRl B DI BEGE BE X R L P iR
W25 BRASCR 2, S 52 B - TR R G 98 DAL o
iR AR PR .

1 #RE7FE

1.1 B E

AR ST Jir R AR A R 55 08 T 7K A BE ) i 1Y) 30
LI #% 7 35 (Desmodesmus sp. CHX1) , FH TR 8T 20 M\ 33
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Table 1 The ingredients of synthetic wastewater(mg-L™",except pH)

f8hr  TOC  HA  BAE  AEBE pH Ca Mg

T 650.01 367.58 370.13 58.02 7.23 9.79 7.38

BEREIR R G (MMS) | (2) A HLY I e 121 Bl B 37 R 40
(MBS) . (3) ¥ AT AL Kok ik v Tl e 15 9% R 58 (ABS) o
FCrh MMS Fl MBS Sy it B4k B, 45> ib BB 34N HE A2
IR R TR R R 222 800 mL I /K Y 1 LHEIE I
e, Horp MMS F1 MBS Ab B 7353 H 4 b i 58 )
R E TOC IR TR A vh S 5 3% R T AR AR 2E
FELABS 1k 252 W e A A HE T RS T e AT 1
pdtas  HITRSIE K . B 25 il EE 30+1 °C O
1 )& 1 24 h/0 h DG RE SR B2 SR 100 pmol photons +m™ -
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1.3.2 U BEXT - R GET5 YA RE ) 1 52 e
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Figure 1 Effect of organic pollutant degradation bacteria on

growth of Desmodesmus sp. CHXI
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1), SCHXF B 9 22 BRSO fe it o
22 BEXME-BHIEFREHRABRLEENHZIE

R 17 0130 25 L | S L B 4 5 A 35 CC R X
FEHE K R B R BRACR R T 15 C i 2s <« (|
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I 15 2 W IR RE T v I A A, SOAR SCIEE T 201,30,
40 °C 34 AR B R FR T I X e - L SR R

K AL RE T . 45 R IR EE 20 CHI
30 CHYEETE 2400 TOC W BEERT 3 d R FEACbR , Bifi i
FEALRRRRRE , IOZ o e A AT L H A T2E
KXFECHT, BRI X TOC B & BRACR S = o 1 40 CAk
PR TOC YR EEAERT S d — H 22018 TR H, WSS
d F25 6 d NRERC, Bl 5 s sk E (B 2a) o SRR
R, 30 CHEE KA ALY L BRACR b %
TOC M 614 mg * L'F& & 168 mg * | B 4 <y 5
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—#(P<0.01,%3).
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P, NS 4 d IR B2 T Rk R (F 2b) . IR 2s
B} 40 CR G & Z W E M 363.31 mg- L' [% % 172.55
mg- L7, KBRFN 52.51%; 1% R 30 CRE P AR MK
JE M 363.31 mg- L7 [ % 19833 mg- L', R E N
45.41%;; 2R 20 CHR G 2 AW E M 363.31 mg- L
R % 234.57 mg- L', KFRFH 35.43% (K 3), &AL
HR R AR A A S U — 2 BRI 3 d R R, A
55 4 dIF IR A RFRRE (B 2¢) , I 2 40 CEAF T A
REBR R E, N 53.27%, F ¥k H 30 °C(45.97%) Fil
20 C(37.22%) Wi AbBE(FR3)

S 2 R AR Dy T R EE Dy 30 CCALFE B 2 R T
T E A 20 °CAT40 CALBE (P<0.05) ,40 CAEFEFT 20 °C
AL PR RIS AE B M 22 5 (P>0.05) (B 2d, % 3) . 4%
ARG R FEAENT 3 AR R 2R 4 d 5 R R
I, B5 6 d AT R, Horb 30 “CA AR A2 7 42
mg- L e A7 (5BRF 41 26% ) , 40 CAEFREE E AE 45 mg-
LA (EBRELA 20%) ,20 CLEFEFE E 7E 46 mg- L
LA (BBREL18%) (£3),

T 85 25 52 W 35 AT 2R 49 TP e 1) A R RN T ) T
£, AT RE M T5 e ) 22 BRASCR o AN ) S A Ay i i iR
JEJO LA BT AN o — PR I 98 ke 1) 3 Uk B 1
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Table 2 Nutrient removal from wastewater by microalgae—bacteria system

i TOC NH:-N
L% LBRHE /mg 1L d LBRFI% EBR# A mg- L LBRFEI% LR mg- L d
ABS 66.85+24.12a 62.08+20.83a 42.33+2.14a 25.93+2.02a 25.90+1.54a
MMS 53.45+16.23¢ 49.63+13.56¢ 38.94+3.01b 23.86+1.31a 20.00+2.2b
MBS 60.29+17.62b 55.99+15.63b 26.6622.83¢ 16.33+2.24h 8.54+1.04c

T R T EUE A PSS (B bR i 22 , HORS R ) 5 B2 A 0 ) £ 7 8 25 122 53 (P<0.05)

Note: Values are means+SE. Different letters indicate statistically significant differences between different treatments (P<0.05).
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Table 3 Nutrient removal efficiency by microalgae—bacteria system under different temperature and light conditions (%)

A TOC NHi-N TN TP
R EE/C 20 61.73+4.30a 35.43+5.01c 37.22+7.69¢ 18.74+1.66b
30 72.64+8.24a 45.41+5.13b 45.97+6.99h 26.13+1.51a
40 42.83+7.01b 52.51+4.46a 53.27+6.29a 20.96+1.62b
SRR S/ 100 10.76+1.12h 35.88+12.60b 39.79+13.21h 26.13+0.93b
pmol photons - m™+ s 400 56.57+3.21a 66.38+10.11a 65.88+11.81a 56.37+1.72a
600 57.98+4.55a 63.33210.75a 63.8714.33a 52.68+1.52a

T B B bR 22, R AN TR 7R 3 A BRIE] 77 A S35 1 22 57 (P<0.05) , o TOC R BRFCNEE 3 d BYKHE , NHI-N TN 71 TP £ Bk

Note: Values were means=SE. Different letters indicate statistically significant differences (P<0.05). The data for TOC were obtained at the third day,

and the data for NHi;=N, TN and TP were obtained at the seventh day.

800

TOC/mg- L™

TN/mg- L™

-©- 20C
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Figure 2 Purification of piggery digestate by microalgae—bacteria system under different temperature conditions
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Figure 3 Variation of microalgae biomass, DO and pH in the wastewater at different temperatures
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Figure 4 Purification of piggery digestate by microalgae—bacteria system under different light conditions
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Figure 5 Variation of microalgae biomass, DO and pH in the wastewater under different light conditions
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