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Effects of factors on extracellular polymeric substances in water-bearing medium
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Abstract: It is important to clarify the effects of factors on the production of microbial extracellular polymeric substances ( EPS) when solving aquifer
bioclogging. On the basis of field sampling and microbial cultivation, the impacts of carbon, nitrogen, phosphorus, salinity and temperature on the
production and composition of EPS in water-bearing medium were investigated by simulating artificial recharge process in sand columns. The results
indicated that the main components of EPS in the sand were polysaccharide and protein, and polysaccharide accounted for 72% ~99% of the total EPS
production. A positive correlation was observed between biological congestion degree and EPS production. Moreover, the maximum EPS production was
reached when carbon, nitrogen, phosphorus, salinity and temperature were 50 mg-L™", 5 mg-L™', 1 mg-L™", 0.5% and 30 °C, respectively. In
addition, carbon, phosphorus, salinity and temperature were the main factors influencing EPS production, while nitrogen concentration had little impact.
Carbon level and salinity were the major factors influencing the composition of polysaccharide and protein in EPS, while the effects of nitrogen, phosphorus
as well as temperature were not significant.

Keywords: water-bearing medium; extracellular polymeric substances; polysaccharides; protein; permeability coefficient
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T XS Y B, O W R R AN RS
Y ( Metzger et al., 2007; Zhang et al., 2007 )
( Extracellular Polymeric Substances, EPS). i ¥} & &
Yyie—2Rm o TRIER G, 8 G e & KA Bt
UL ZRTH , 3T A AL B EE , T 1A= W 3
FE A, Wy bE 28 LRI AE NG W) B0 s LA S LR W)
it PR A7 AE. TS24 (2005 ) 76T 1) A 4 g it
A K S 2 SR W R T T IR AT 45 R U
MIAMRG YRR E BRI B | TS A Yk
MoK R I I bR, & A 7 A A= b 2E . T AR S
BRIt EANR G YR R 2 BN R W I R
Wi TR AR R0 A 4 A DL R 8 4 Y A 5 i
(FEB3R S, 2009) .

WA R SEANR Gy B e, FE B £
WA 5T 20 0, HC O 5 52 1 2 IR R S
(Sheng et al.,2010).Li Fl Yang (2007 ) #F5% T A [l
BRI XG5 VR r= A EPS (52, Ak DL 2 68
IR 15087 A= EPS 7 HE iz 5. Durmaz 1 Sanin
(2001) BF5E TA[E € :N Fid S Jé EPS 4153 1748
1k, LIS C:N FHi EPS th 2 M i £ EH
R AR Jia 55 (1996) TR, 76 4 B X RCE K
N, EPS 5 BESS 77 I8 (8] 28 4 T 5 5 T 720 TR Ak A=
KAGE I EPS % i B 37 i 8] 52 i T B 25 A L
S5 (2002) X BRSAE DM D A W EPS #EATHRSE,
INHZ W EPS S EZ AN, JF H EPS & &
B 1 7K AT By e B I AR T & T R R A A A
(2004) BFFE T Mn** Mo Fl Zn* XH& HET5 ' EPS
AT AR IR RVR I (0.05 g- L") Mn®" B EPS
T I 2R R & BN g I Zo® ff EPS
AU BT EUE F B 2R RS,
Mo JUIXT EPS £ 2 43 FEA B AT 5.

TEME TR, A7 KN R SR 2
SRR XTI 1 75 e B K | 2R EEME | TORR I LA M
Xof 453 J 1 1 TR B A ( B RS, 2005 ) B2 I T %)
THESMRE W AE & KA BT b i AR R AR i
AR SCLARAAD A AR 15 7K A B, 38 5 b A 1 A 4
N T IRIHE AR 25 2 [ 2 A X RLAD A0 b i b 2R
BN BB A5 ] Ry EOK 2 A s
FENLIRFNBI A A5 S AR AR .

2 #Rl577% (Materials and methods)

21 RBEEGHH
SRR L P 10 AT B AR, 7 22

em, NF2 S em HEAR—MFE R HEK T 0.2 .4.6.12,
18 em 443 S0 1 1 35621 FH i 3 0K [ml 9 7K LA
THE T K DA A5 h ok b
HEH.
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Fig.1 Schematic diagram of experiment equipment
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KA BN A BE S A E: (NH,CL) B S 4
(K,HPO, ) YERK EFRIBE IR , I In A A= 9 4 K ir 5
I & (FLAEF,2007) .
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Fig.2 Particle size distribution curve of sand sample
®1 WEERMEMER
Table 1  Physical properties of sand sample
1 | A EL SR A %7 gi/ why 327
ERER AP R RAREKE ( ) e fLEAR
g-cm
R 0.31% 7.87% 1.63 2.65 38.5%

FRRHER 7 8 T R 00 90 B W 300 R A Y 1
FETRIZ M5 7 BV O 80k (i e iR U1
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5,2005 ) I AR A B A RO 20 R A T
BHEANE SR KA R IR RS TF
HE R BT IR R AR (RIS R E 25, 2008 ) B R4

AN R AN R S B IR R T, B
HRIO M 2 AT RE A Y B TS LR 2 A
A 3.

R2 WEMFEEE
Table 2 Microorganism quantity on porous medium
_— YA/ REANH/ W H/ HHE/
(x10° CFU-g™") (x10* CFU-g™") (x10° CFU-g™") (x10* CFU-g™")
K 4.11 0.35 2.58 4.71

L
25 kV 5.00 KX

1 1 1 1 T
10 pm KYKY-2008B SEM SN:1902

B3 EHETHEMEVHUKES(a) MPHBETHEMEY R EPS ZEES(b)

Fig.3 Gram's stain of the attached microorganism on porous medium (a) and SEM image of the attached microorganism and EPS on porous medium (b)

P L 3 WA A BT A8 20 TR 32 LU AT R R
w1 BB AR D e B A R G W B AR R AR
RGAE HIAT, T R 1 I 11 B 3 Rl T T 14 53
WA ARG T LAREAR A 57 A4 A7 AL B R, 48
TRAACRG B 34 5 VAT 1A 48 A =2 ) %) K% B ) Bsf 384
TR BT 18] 1 R 48 g, AT AT 25 K A B2 1 2

Aok SR Tl S I - MR R B IR HEL UK ( PCR
~DGGE ) A XS Pl A= M i L 34 e i i 47 %5
9 JE T H FEAT T8 R ( Methylobacterium ) |8 (0 KT T4
J& ( Janthinobacterium) BB /R ZR AT 1 & ( Yersinia) F
ZEER & ( Staphylococcus ) . B R 1 J& ( Acidovorax ) .
A [ SCHR T A0, AR b b Y T RAT TR SR AT
TR A 2 K A R B R T 2 Sl R AN R
Yy 1R B ( Nakamura et al., 1976).

22 REBF*
2.2.1 BEFH RADHREAAR LN T [0 S

FErP S K2 B A2 038 28 3 i A TS i AR RO R
b, R A R FE 3 JE i B AR T dA A, A Ok
IRXTAERATIRK TR AE R 9] 805 15 R L1540
U5 2 e Ja HEA T N T IRl ks b B AR
B (1) 2RA%

40 - Ax

“wD? - Ah (D

A, Q KW (mL-s™) 3 D G W0 HE Y AR

(em) ; Ax AL RPN RS Z B BE S (em) ; Ah
AR PTIEAE TA) K Sk 22 (em)

MR ZE AT, A (1) IR 2
BRECH T Q0 MK E, D=5 cm, Ax NP FE
b IR A B KSR B A A S PRI R A IR S (18
em) DA AE B35 R EOW BEAR R R A0 A (1 15 2 7R
&, AAE

s

n=- x 100% (2)

0
K, B R BN b W EPHERI 462 5 R
B (emes™) sk N HELE RS BB R E (em-s™").

222 M EFRES, HBRIILIE R 2 h
B R 30 min K L JZTE R PAEE R (1 mLemin™)
FAMKG A, e 6 h, P HE oK I, PR IE
BRI b B TE RS B ATIT G SR, DUE E
T (5 mL-min™") A E IR, BT [0 2.
223 EPS®BBEZ#H Zaaill e [FHELR
J&  HRBREPAE  FRIBCE AP, 1A IR 37 AR 37 X
W (BRRARG I RIS T 5 min, JR37 B9 E— A
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BUS A=Y EPS (Frolund et al., 1996 ) .8 T {41IF £ 4
R FBUARAS | f df REZE S B X R E SR
SR PR BB R 1 (% %55, 2005 ) F1 %5 I 17 5 5 1k
(24052 ,1998) 4 B E EPS Hh Z2 4 K 28 (H 0 7%
IR 2 R EPS M, LA BT b RE
EMESREFR( ng-g") IR 2 AR

3 ZR 5148 (Results and discussion)

LRI AR Bl R U B | BRI B oy 2 4
A HEAT DA IR0, o0 BT 45 DR 28 % T A= )
EPS W 24 A S R
3.1 BmIRE

Pl I K COD:N P g 100:5:1, i NaCl 5
HRFEN 0.5% , S BRI AR i 9 A 4 i —
BRUE. MR I6 E AT 216 h, A AR R B35 R 5L
IREAIG %, I B R L T, EPS Hh 20 E
FE AR (R 4).
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Fig.4 The polysaccharide and protein content under different

concentrations of COD,

HE 4 ATLUE Y HELEEE 216 h 5, DB 5
FEWIR T B R 805 R BN T RER S5 RUEY
EPS & H iR 3 — 3, BT A (3G ZE R
EPS & B IEAHEME.COD, M 50 mg- L', EPS &
KRB AR (0.68 pg-g™") , BETEDH: B 5 R B%
RN 95% , 5 FERR B e ™ . Bl COD ., Wk B (W 4k 2L
BTN EPS BAT FEAR, & KA BT 135 35 R BT
95%8/INK T8% , A= Wy b FE L B W& AT DR O3 D
, M HEK COD, e BEARARET , 334 A4 4 ml R A 1Y)
B YR A28 8 1K T 1 A K T R MR B, BBt Ak A ke
HHETHR AL, AN RGP & AR L, it
B K A S5 3% T B R 6 W, LR 2 ) 4RO Bl B

COD V& B2 1 TH i, Il A= 1 A A 52 i 1 ) PR A1
IR LB EEROR, & 5, WUEY A R
BEIR BRI B 23 WA EPS % Y & SEJE
FHRBAY JBTA E T IE . AR, B EPS RU KRR,
) f A ST FL B BE R ARG, 5 S i AN 2 ™ B A0 B A
AUIEH A, STl EPS & RIS A T [

HIE 4 3B 0] Y U Yo B A R & W h
ZHE R R TEAR, SN EWR 76% ~95%,
X5 Flemming %% ( Flemming and Wingender, 2001 ;
Vocks et al., 2006; Susant et al., 2008 ; Yigit et al.,
2008) IBIFTE — B AM , AR E T, ZHETERUE
P53 WA B AN R A W i b BT o 481 S AR S T
e, UL RIS S e EPS vh 20 AR 1 B4 i
TR EPS a7 R BA T R B A9 67 B AT
BN A B B () JRFE R Z P C—
0—C . —OH % FEx 37K v 1E L i i i 2L 4%
BB BB N T IRE R AT , EPS AN W7 Fff ik K o
AR TREAAR B/ IN T 2 7K A Jo 0 A RCFL R B, DT B A
32 AR

AR ] K coD,, . K,HPO, NaCl ¥
FE5r 9 50 mg-L™" 0.5 mg-L™'(LA P it) .0.5%. %
I NH, CLAE S RIR. R 22 [T 216 h, T EERbEE 2 5
RBFEAR, H AR NH,CLRIE T EPS 2
BEANEE 5 B A, R 4 R LI 5.

r Lh —e— BIBERUMITR N 7 100%

o NNzgpi —4— SIS EPS ES ~100%
N l 1 80% 33
T 081 ] 180% | X
& | Z L] ] 5 [k
S L £ 60% =
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Fig.5 The polysaccharide and protein content under different

concentrations of N

M E S AT LA W ESEEE 216 h 5, ibHERB
75 R B TR, U BRI Ay B kA AR b gE
M. K NH, CL R BEARARET (0 mg L") , MISM R
BV EEN Z M2 IR A B8 3 R AL
TR 35%. BitE K NH, CL YR EE R T1a kR T4



5 SR KA TR AN RS W 52 i R R RS 1203

IR EPS & i RIS L IHEH B A K
PP 2% RECT BRI 63% T+ 2 78% , 41 [t 1 38
TR FE A TR 23 B S R 4 3 7K RO BE AR IR, 3%
AW REHEATIE W BT BRACE, HRERE B IR AL 1k
ZHEERAY) . R IR K B BE A T 55 (0 mg - L' I
£ 1.25 mg- L"), BN B BRI AR P A K i A
2 AR ER I, R EE ) R0, W A R A
YIi B i 22 EPS RGN T % KA R I, 5 2E A
T ALBRE IE |, 5 30 BT ) A RALBR N i A B
RBEHE T (P RERN 63%) . Fifi it 7K R0 B 4k 4k
THE(1.25 mg- L' JFE 5 mg-L7") ,EPS K& T
FHAD A 2R 1, S50 AL PR 5 S BRI, 3046 3 A=
W3, Hor b A R AW R EE B
B AATEAAROAS K WP FE IS FE R AR 218 B i
ZHCF RN 63%TF 3 78%. & 4 B vl LI 1, AN
AR , 2B U W) 5 W LA SR 5 ) e
T EL AR AR O, BB U EPS 2 8E B E
JF AR AN K
3.3 kIR

Pl e K COD,, \NH, Cl, NaCl ¥ J& 4351 4 50
mg-L™" 5 mg-L7'( LA N 1) 1 0.5%. 35 K, HPO, /E
BRI UEAT 216 h A T RIEIRE MR HBE R
B REARR, BN R B N, & KA Bt EPS
SRR S A R 5 s AR A (WLIEL 6) .

r % —e— BERYREER 1 7100%
HER ~A SREN EPS AL 41000% 4
2.0 °

L — 1 780%.3
A 180% | =&
1.5 ] s
~160%E

- 460% H

1
B~
R
N
P!

Y

I
X S
BB R BT
5}

vz

SRREEFSR (ngeh)
T

N

0 0.5 1.0
K,HPO, ¥ i /(mg-L™")

El6 TRBRETZEMEQRARMIETN

Fig.6 The polysaccharide and protein content under different

concentrations of P

6 ATLIAE W, 2SI KBE R 0 mg- L™ A, #bER
HPER EPS S EARME, AU 0.72 pg- g™, IHELS
FIS AT 18 7 R BNy 32% ; Bl W Vi & A 34
K(0.5 mg-L"¥EKE] 1 mg-L7") ,EPS Fim B A
TR, H0.83 pgeg! ETFE 2.03 ug-g W
FEB 15 R BRR R 37% 38 K F] 70%. 1 RHK#E R

S E AR A SRR A 2 (Zhao et al.
2005;Su et al.,2010; Ciston et al., 2009 ). >4 3 7K 5
W EARARIN, A W ATh AR 2 R B — s iy AT AE
RIS B A 2R W A R I BRI PR 3R B A A K
IR, AU D RSN R G Y KA T
BRI A FR R, Xk A oL B T A A9 3 JE RN 4
I, B 1 1o [B] 79 S G, DR B R AT R 212
W ] K Bt B 8 T o, A S P 5, O HL
IKAY BRIAAAE R FLBR 25 ], g HoAR R it 1 b
TR AU YrE kBB A 20 B i b 3R
B, KGR TR RL T, 8 T A S AR 2 (8] Y
JEE4% 1 TR I EPS W 1R AR R, 3 O30k
RSN 2 EPS KM TR Bk, ™ E b
FEFLBIEIE , Bl 2 R LR FERIE 70%. 1K 6 if
LA TEA R BV B2, 2 W 7E A 9 0 Wb 1Y
HLANRG W St b B 7 L8 AR K Ul B I E R
Jes i EPS rh oMl B ) EE AR
3.4 #HE

fli#ksk COD., .NH,Cl, K, HPO, % & 43 5 g 50
mg-L™" 5 mg- L' (ANIF) .1 mg- L' (VAP it), /0
AR T 0] 35, TH R D AR 8 37 AR RO IR
B ATER IR BEXT A ) EPS b 2 R 1 T4
ARSI (DL 7).
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Fig.7 The polysaccharide and protein content under different

concentrations of salt
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EPS S 2T SRR G S E R
R TR 2 IR [ R 3. 2 37K NaCl ¥ FE A 0.01%
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HERE] 89%. F BHKE EPS & & A3 K, WA L Wk
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R AR 0.62 wg-g ' WAL 5 5 R BURAR
BB A HTR I K ER R EE N 0.01% 3 &
0.5%F , 55 85 A P2 R il A 0 B K i R R
HoAE R BT AR E B, 4300 T K Y EPS, K
BT R 1 [ B W B 1 T 80 KA
FORSRLBLHE, J2 Y BB 25 080/, B ARG HE & 7, 481 a4
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AR, KA AN K, R AE Ty A DA
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FL P 35 P 45 8 7K A T G A 5 2 I B 7 — 3, T
I EPS , W0 HE 35 ZERR B A T G2 A, FRAIR N 419% F%
2 30%.HE 7T A LVE N, EARERE T, MR
G 28I e e AR S TR, SR R
e EPS HhZ20E B R R Z—.
35 BE

Pl [ #E 7K COD, \NH, C1 K,HPO, NaCl ¥ &
43959 50 mg-L™' 5 mg-L™' (AN 3F) .1 mg-L7' (LA
P it) .0.5%. A\ T3 216 h, &b k5% R B%
IR, B LR EXT & KA it EPS W 20 B 4L
B Fr i s (LI 8).
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Fig.8 The polysaccharide and protein content under different

temperature

F 1l 8 WA i [ VB 7K UL P 8, T2 )
1) EPS & i 230 R b A: A My i JE R
JREl A 15 ¢ FHE 3 30 C i, AN R S 0.11
peeg WEINE 0.61 pg-g' , NMRIBE REUN 35%
HIRZ 87%. 43 MK, 2 IR BE IR ARAKET, Sl
AR RGNS BT BRI RE ) 45 55 Bl A I 1 T
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[y St iy ALTE /N T SS TN N T 0
ERSGENEIEY; B DNITFANCIN o e D9 E 1 AS D
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AL Bt [ 98 7 1) B B 1 B T L A1 3R Y 3R
T, S B KA A4 LB G e A 3 2 R W, AT
HB BN & 8 ik I A& AR EE T, 20
TERUAE D) 73 WA R L S0 3R 5 1 o o U B AR AR AN K
UERRIRLEEXS EPS 2o bl 8 A A i B2 AN K.

4 2518 (Conclusions)

D) FEFSE M RE ST, S KA B b A R A
Wi B 2R 0, b 20 S S
72% ~99%.

2) WA YK JE R B A B B B EPS &
Tt 5 TR DGR, 2 I K B R B BT SR B R
338 50 mg-L™" .5 mg-L7' 1 mg-L™",0.5% I 30
CHE, 55 R F AP 53 W AN R A 1, 7 4B i e
R R 2 375 Z AR AR IR O, 1 ZE A e /™ Tk
WAV R BRI J2 5 i B A 2R G W A LY
N, i ZX EPS A4 R R I AN K.

3) 7K PR e BE R ER BE X A WM AN R A R
ZH BRI T 2L e AR T AL R R L
SEAHXTIREL R .

EEEER N AT R (1959—), B, %@ LA S, K
WMNERT AT EEEEER AKRARGRY E-FFRF
WAZRMEIR T A5, e E AR K F KB X 130 4
B, HE 4 SCILELISTP Z AR Z A KK FE 504 4.
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