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1 E. T ERBRIRE TSR RN 88 B 4T 4514, UL PLA/PHBV UK o ik Y5 A AR W IR BRAA , B 5E T 7K 1 70 i S RS S A S s
RN #R R A RE R #ﬁ%ﬁ?ﬁﬁ?%?ﬁkﬁ%@i%ﬂ%ﬂﬁbw LERRY], TEHE KR AW E N 100 mg- L, K S R fiH
1.71~8.39 m*-m?-d™ B, A AL R 2 B e 5 B A a3, B R(ER 40.53 mg- L' -h™'s B 7K ) S B3R 5, KRS R B
G , T COD ¥R E B AR s ARk 1 AT 3.54 m*m2-d™ DATF, W AR UE S B 25 09 K 6 R 3R B R R /K AR ERT IS R S W
TEAS R B LR ; e R K 1AM 5.30 m*-m2-d™, SRy 85 19 B4 R 2R 5 HE K S AU AU e AH D (R?=0.937 ), TS S A f i
X 7K COD ¥k B SR & 28 B B i s AERe UK RS B AT AR F 0.16 kg m2-d™, A fRIIE SN 28 /K RS ES WK E MK B
FREFRRE, TS T LUE B, PLA/PHBYV J5URLZR T8 (9 4= WU LA BR R FIFF R A 3 , B0 R A AE Rk TR AR R THT

KRR FEERER ; RO ; FT A= IR AR 3R B4 SRR I N 2%
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Denitrification Performance of a Packed Bed Reactor Using Solid Carbon Source

LI Jun', XU Ying?, WANG Xiu-ling®, QIU Tian-lei?, HAN Mei-lin%, MAO Zhe*, WANG Xu-ming*”

(1.College of Land Resources and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.Beijing Agro—Biotechnology
Research Center, Beijing Agricultural and Forestry Sciences, Beijing 100097, China; 3.Agro—Technology Extension Station of Daxing Dis—
trict, Beijing 102600, China; 4. Shuguang Company, Liaohe Petroleum Exploration Bureau, Panjin 124109, China)

Abstract: PLA/PHBV blend, a new kind of biodegradable polymer, was packed into a lab—scale reactor as carbon source and biofilm support.
Effects of hydraulic loading and nitrate—nitrogen(NO3;-N) loading on the denitrification performance of the reactor were investigated. More—
over, morphological investigation for biofilm attached on the surface of PLA/PHBV particles was carried out by SEM. When hydraulic loading
ranged between 1.71 and 8.39 m*-m™-d™ with around 100 mg- L™ of influent NO;-N, the denitrification rate increased firstly, then dropped
with the increase in hydraulic loading, with a maximum value of 40.53 mgNO;-N-L-h™". NO;-N concentrations in the effluent increased
gradually with the increase in hydraulic loading, but COD concentrations decreased gradually. NO;-N started to accumulate when hydraulic
loading was over 3.54 m*-m™+d™. NO;-N and NO;-N concentrations in the effluent could meet the drinking water standard of China when
hydraulic loading was lower than 3.54 m* m™-d. Denitrification rate was linear correlation(R*=0.937) with the influent nitrate loading when
hydraulic loading was 5.30 m*+m™+-d™". NO;-N and NO;—-N concentrations in the effluent could meet the drinking water standard of China
when influent NO;—N loading was not more than 0.16 kg*m™-d™. NO;—N loading had little effect on COD concentrations in the effluent. SEM
micrographs from biofilm samples showed two different morphologies(rods and cocci) colonizing the packing material in clusters.

Keywords: nitrate; denitrification; biodegradable polymers; packed bed reactor
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M KA D AR AKSRIR, HoK BOR L5 A
KA AT RFE R R B B TR ER
RE R R B0 5 7K REME LA B Tl b & BB K ik
SR, AL T T K P ERER VR BEAR TS A, X E
JA T 55 R ALK AR5 G 9 58 H T2, B T g R 2k
A5 E R4 LR R AR I AL 8 AR , 5F AT BB 5 R LT 1k
A e R A SR, 56 ] Ik S B L AE B 7K P NOs -
N BB AFREDH8 10 mg- L7 1 11.3 mg- L7

T 7K R B R R XE L S K B R ALK Ak B
TZERR, MY LR TE K AR G A
BOTHEZ — , A SE OB RN BRER A A Fd 80 B P
HER B TR AR O oA SR 2. 5
BT BT B BB AT A L A
RS TT B LA T2 T MR RS, T EE TR
RN, IS, T 7K AP MUK & B, DI ab 250 [
AU MR BRI . KRB [ (A BT , 4
Z AT MRAED (PCLI PBSIP M S BRIK , BE vE iR
R TP AR IR (AN R B 1% L PR55 ) B 5
Fohnid & , RGRIFEE BT FIGED HUAE N MESF Bk o

AL —Ff i B A AL W A 4 4l ——PLA/PHBV
FIR Y [polylactic acid/Poly (3 -hydroxybutyrate—co-3-
hydroxyvalerate )blend , RF /3R B-FZ T RS AR

RELTRY] A0 S A AR 4 O B DR R o A, R
FRSEFE IR S 25 Bt T /K ORISR ER , E 25T
K I3t 4 SRS AS BTN SO AR S S A RE AR,
PUMRAL SRS BB AT , 3 T 7K i RRER i) B BRBEE
SLHRHEA

1 #BE57FE

1.1 RIGH#

DL BRI AT R A AR PLA/PHBV SRR (W FERI
e SV A BRA R ) AL B IR . PLA/PHBV
AR SR, LLRTE A 0.015 m?-g7!, 3
k123 kg m3,

SE K N AL R AR Besth T K, HIRALAHE
WMF AR (NO;-N) 3.0~4.2 mg-L™* . Cl” 11.3~25.0
mg L7 pH7.74 . 7% i 4A. (DO) 4.17 mg-L7,NO;-N ¥
EAML TR AR (COD) MR R TR R AR
FREAFIBEIR — S , (AR S A VR B 25k
50mg-L" 5 10 mg-L", DIEHIZASRREN TS YL ib T
Ko FHRFAHR T #1458 NO;-N(5 000 mg-L™) 5
TeHLE(1 000 mg- L) A

TSV B AU T R S 5K AR ), 5K & e

WEH 8 gL,
1.2 LWRE

Bl 1 RiRm BN E R, RS AL,
AU G EREE , EREEMIEM, ERE
6 cm #7550 cm,3H 78 350 ¢ (3 )PLA/PHBV , HR{
PRRR (OB s R AR I 5 AR )l 1.248 Lo BV
K, KR RS R . [mFK P EA AR
R, DO WREART 0.5 mg- L7, ARIUES A ALAE A IE
Wi T,

Bl AuXEREE

Figure 1 Schematic representation of the experimental set—up

1.3 KB FHZ*E
1.3.1 a5 E3h

KRG HEK 19 77 A TR, 2 L Ed/K[NOs -N
W 80 mg- L' 245, pH K7 (7.5+£0.2)]% A 20 mL
EMETS U, K35 B BF A (HRT) A 4 h, iR (29+
1)C, TEAHEK 3 d JFFirZES#EK , HRT 50k 2 h,
HA SR, #4794, & H 2 Bt
T5E H 7K NO;-N NO;-N b2 A & (COD)WE
1.3.2 R #RETT

YRR (GESE 3 d RN A8 K
NO;-N ¥R FEZFTE 5%Z W), I #sYIbEE R, it
U 7K I SR K T e, 8 2 A K R A A
FEVAT KA A AT . IR 1, B—KT
Tt MR R AR T ELLE1T 3d, B HERH
FE i 7% H 7K ) NO; -N \NO;-N,COD ¥ il pH 1,
FERUAFERR
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Table 1 Experiment design for the reactor operation

BFTIRF *Running sequence 1 3 4 5 6 7 8
7K F154 47T Hydraulic loading/m®sm?-d™ 1.71 3.54 5.30 8.39 5.30 5.30 5.30 5.30
HEKIEA R SR Influent NO;—N loading/kgm2-d™ 0.53 0.53 0.53 0.53 0.48 0.37 0.27 0.16

Y T BE 1~4 SR I ST BRI s B B 5~8 SR E KBS AT R o

FAHAE R E A AHLER=(3 K NOs-
N ¥ BEE-H47K NOs-N ¥k )/HRT
1.3.3 HEME

Y Ek IR BT TIE , W b gs HEUH AR K
B Y R O (2 0.15 g), FZEMS/K IR b vk , ik
NERRE , AZIBKEERG , B R B AW, R
J& FAZEM/K ph T4, 30 CF T 48 ho K JEAA K}
J58 R P URE 0 S 4 OB o B AE I F L BR (S-
3400N, HITAHI) P M HEREIEA,
L4 BtAE

JKBE(50 mL) B 4542838 0.45 pum F5CFLUE B 3 38
NO;-N.NO;-N ¥R B 43R Fl 2 50 o e B vk (3h R
Z5 TRt ™, N A 5B-3(B)% COD £t
WAL GEAERHE )M RE COD V& ; {8 F T i PHSJ-
3F L= pH (&K R 0.01, EigAER) I &
pH {E . {# H EcoSense 200 %5 fif &AL (I X B K
0.01 mg- L7, 3 E YSDJllZE DO,

2 HR5HR

2.1 KA LTI
2.1.1 RREIK 56T MR i 3

X N AR TRRRE ST, 38 3 A T K R AR
DR 7K 17 (1.71~8.39 m*m-d™) , 7K I3 1 i A
PR, A R R TR, KB R 40.53 mg-L7-
h, BB K S AR 5.3 mem?-d (B 2),
— BB INIK 1 60 i 455 | S R A A T R A X2 TR
T VR 7K T S A B A 5 K A Ak s ) 3 e, T
L FEFE A3E N , W] B S R AL A i Ok i BE
B, B N A A S A R A R,
X ST AR IR A J2 AR IS A TR AR, A 2
WA LLE 1, BEK F1 s 38 , 7K NOs-N k%
BN, X7k S farikE) 5.30 m m2-d™ B, 7K NOs-
N RIS 15.22 mg- L7, #8353 T F B K Kb rER
FERIBR AR (10 mg- L) o 27K 154K 8.39 m
m - d™ B KA AS AR B =5 56 mg- L
2.1.2 RNRPK 16 T H7K ) NO;-N 5 COD ¥

100} 1o
o 807 Iss 7
o n
£ 6ol KSR :30 &
2t - KRR |~
& 40F -O- itk Jos &
@ g
£ 20} 1, &

_ 10 =
or 115

2 z 6 8
K1 Ha G /m* e d
B 2 KA G T3 R AR R E R AR
Figure 2 Effect of hydraulic loading on denitrification rate of the
reactor packed with PLA/PHBYV as carbon source

TEK TR 1.71~3.54 m®-m2-d7 JEE N, BEZK
SRR, K NO;-N ¥k B %A & 4254k
(NO;-N ¥ EHR TR H R ) ; 2K i fafarly 3.54~
8.39 m*-m2-d B}, H7K NO;-N ¥k EEFl & 7K 7 1 fef 14
hnmgm(E 3), NO;-N 2 sk EZE S =), K
S ZMEERA R, AWK E pH AV ER
R SR IR RS 1, B 3 5 RERM, LA PLA/
PHBV ShHk IR AR T PR S A , 7K 7 57T A 48 v 25 3
B K H RS ERER (9 FH B . Moreno S5 F iR 1% I8
IREEARITAR FK #E47 R A AL R R B A5 2] T A DL AY
558, Soares FHIIA K I T iR R &5 R HK
PR ERER IR 2R

AT, #EKH DO HEEH 0.5 mg-L7 DLIF, i
JK# DO ¥R —HE KT 0.05 mg L™, A5 WAHAR
LR B, T RSRRER R 7K 7 50 AT A3 I i 3 fn o2&
BRI A 7K 3 87 A ) 15 s S e A S 1 B B TR 4 4, ANE
51 KR ERER R B 3G = (B 2), T B 5 1 T Al
=R &,

ME 2 1 3 M RIATTLAE H, 43K NO;-N
A 100 mg- L7 2B}, 4EReK S AME 3.54 m®* m?.
d? DI, ATPRUE SN #% A 7K 2 3R R K A v
FO A A S WA AS AR B AR, B %o 10z A4 S A
A A 33.70 mg-L7'+h7,
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250 r O HKIESRIRE 1
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o 100f 1054 220 1 S
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501 0 H 37 10} X
i | ¥ 110
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7K1 fif/m® e m2-d !
B 3 kA fafmxdtsk NO;-N F0 COD iR BRI =M
Figure 3 Effect of hydraulic loading on the concentrations of
NO:-N and COD in the effluent

K3 f e B AR AR 7K COD Mk EEZ AR K (4
F 9.23~247.7 mg-L™), Hi7K COD ¥k & & 7K 77 171 fof
RGN REAGR (B 3) o FEREAS RN SRR, FEK AR T
f1EFT , PLA/PHBYV JSURL R i s N 3 B TR BRI
Bk, A A B R RS K T BN PRI E A
FRHAY SN B F LR (AR AR IR A R L
s TR B E Z )5 , KRR 43 f# PLA/PHBYV B
NG LR AN R A AL B T A K A8 BBk TR Y BB
PRS2 7K I SR far BB, X S s N B AR
PlssER] TRBIER , 23K F COD MR EEREAL. 24
KAHHH 1.71 m* m2-d? BF, H7K COD ¥R &5 ik
247.70 mg-L™; MK S fafardE i 2 8.39 m*m2-d™', i
7K COD ¥ EREH 9.23 mg-L7,
2.2 KSR AR
2.2.1 AR

HeF5K S A E (5.30 m*-m?-d ™), BUR K
HARSAT, FOVAs B RS 3 S 7K NO;-N ¥
JERAGINE 4 Fis . EIFPEERERY], R SR
7 fAT VG B P9 (0.16~0.48 kg-m2+d ™), Hi7K NO;-N ¥k 3
Wi 7 A A R0 A 3G I T3 5 S A T i e gk K
FHAS A AT 3G N 2 A RS N (Y =56.22X+6.057 , R*=
0.937) ,4+F 14.14~31.07 mg-L'-h™ 2],
2.2.2 Xt 7K NO;-N F1 COD ¥ B /52 M)

BEFEKASAS BT A R, 7K NO;-N ¥ EE
BB 5) . 32l TR R E R B hn,
R AE AL RN BRI A RE S 2R L= AR,
ST R AR MR, AR H K
NO;-N 1 NO;-N ¥, FFERERIEKMHERR
firo B 4 FE 5 ATLAE H, K16k 5.30 m?-
m2-d? B}, ZERFHEKASAR MM AE 0.16 kg-m2-d™

AR RS kg m2-d!
4 FKFEER X RAEKIERR HK NO;-N iRER =N
Figure 4 Effect of nitrate nitrogen loading on denitrification rate

and NO;—N concentration in the effluent

DU, A ARHE R I 0 K6 A KRR Xt
A S AR IOER . N 5 BT LI
Hi7K COD W BE (T 18~22 mg L) 3K A A5
TR R A

231 ]
2+ 130
- 21f £5 2
p bho 2
;én 20F t2.0 @
19} q1.5 ¥
¥ 1 &
o 18f 110 &
3 1. %
17 - COD e 105 =
161 -0~ HAKTHESE 0

—
W

0.15 020 0.25 0.30 035 040 0.45 0.50
KSR kg m?-d?
B 5 ARIZKMESEGE FaIHK NO:-N & COD RE
Figure 5 Concentrations of NO;—N and COD in the effluent with

different nitrate nitrogen loadings

2.3 PHBEERMT

&l 6(1)F1E 6(2)43 %14 PLA/PHBV iaf 7R FIfE
PAYIRE AR R ERE . YRS, R PLA/
PHBV ok R a4 &4 0 8 281k, a2 15 211
T, MY A G 6(2) B o FERAEAL SR, PLA/
PHBV f50kL 2 161 25 5 B i A= W R R B30 43, ek R i
PR AT A, R H W Bk S A A AR A W A P 4 AT 1k
TR, ) (5 50k 2 T A8 A5 1M1 ™ RS, S0 e 2R T AU
K, B FHAEYHHTE—SHENER, BEIRBUR
fi5{L B 7€ PLA/PHBYV S0k 22 1Y LB 1 AE M1 M\
&l 6(3)F LAFE H , PLA/PHBV A (94 YR LIBR G F1
FFEA R 32, U e A AE BRI SORE R 1A , A= 0% R, T
Xo EL R B B AR T AR S B PR P E A o
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REEWEREG)NE#HBRERRA
Figure 6 SEM images of PLA/PHBVcarrier(1),used PLA/PHBV
(2) and biofilm attached to PLA/PHBV(3).

3 it

(1)243k7K NO5-N Y& #E 4 100 mg- L™, 7K 7 f1 fif
#1.71~8.39 m*-m?-d" B, LA PLA/PHBV 23R4 ks
HIRBURFNAE W B Bk AR AR 3B TR R B vy 2, HoRR R R A Ak
HAH 40.53 mg-L'-h™; A% 7K B COD ¥k FEFE
7K 3 A0 46T B HE I AL s PEK T3 s A 3.54~8.39 m?-
m?2-d™ B}, H7K NO;-N Y& BERf7K 57 B far (1) 384 fin iy 3
s 4ERKpoK S A far e 3.54 m*em?-d? IR, AT ARIE S
o7 7% B H 7K R R B B A AR E X I S RS A2

(2)FEZK S1 MR 5.30 m*-m-d™, HE/K A AR A
TITEE R 0.16~0.48 kg m™-d™ S50 , AN AL R BE
KRS Z 0 far A3 I 2 2R M3 i (R2=0.937) ; th 7K
NO;-N 1 NO;-N ¥ & Bl /K A 25 20 50 1o A 338 o i 334
s 7K COD ¥ BE (4 F 18~22 mg-L7) Z#EKAH A
RITRIEAK ; GERF KSR A M 7E 0.16 kg

m?+d™ AT, ATORUESOSAR ) H 7K i R e TR 7K A
HEXT AR S LM SRR EHZK

(3)PLA/PHBV J5UA: 2 1 A4 4= 497 5 L BR B8 FIAF bR
NE, BEREE  FEA YR PR AT,
PR IR T AR MM A, B E AL . PLA/PHBV
PRI A REUR VA, 5 THRGE R SO IR
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