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Basic Study on Conditions and Analytical Methods of Biofilm Formation
for the Bioassessment of Artificial Groundwater Recharge System

In Chul Kong' - So Ra Lee' * Kyoochul Ha’ * Kyung-Seok Ko?*

! Department of Environmental Engineering, Yeungnam University
’Groundwater Department, Korea Institute of Geoscience and Mineral Resources

ABSTRACT

For the preliminary investigations of the bioclogging on groundwater artificial recharge system, studies for conditions and
analytical methods of biofilm formation on sediments were performed. Based on the tested results, following conditions
were determined for biofilm formation on batch process: optimum period for biofilm formation (30 days), the proper
inoculating water (pond water), medium (minimum salt medium with 0.1% yeast extract). Procedures for the measurement
of ATP and DHA were also determined. Biomass extract was used for ATP measurement, while sediment itself for DHA.
Effects of metals on the biofilm formation were investigated under the determined conditions. Different sensitivities and
orders were found depending on tested metals and measurement methods. In general, biomass measurement by ATP and
viable cell count showed higher sensitivity than that of DHA. Following toxicity orders were also appeared for ATP and
viable cell: Cu ~ Cd > As(III).
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Table 1. The characteristics of sediment and pond water used in
the study

(a) Physicochemical properties of sediment

Parameters Value
organic matter (%) 0.30
pH 6.41

bulk density (g/cm?) 1.647
porosity 0.39

(b) sediment particle size distribution

Opening (mm) Proportion (% wt.)

fine sand (<0.300) 13.2
medium sand (0.3-1.7) 80.8
coarse sand (> 1.7) 6.0

(c) Properties of pond water

Parameters Value

T-N (mg/L) 154.6

CODyy, (mg/L) 4.6

pH 7.81

Total coliform (MPN/100 mL) 1300
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Fig. 1. Effects of boiling water quantity on ATP extraction.
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Fig. 2. DHA activity of soil itself and soil extract at different
volume of inoculating water.
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Fig. 3. Protocol for the measurement of ATP and DHA.

Hjokst 3 ATPS} DHA Zloll 278lke] e A==
H| W ATHFig. 4).

AET v 717H10, 20, 30, 40Q)0] wE ATPS}:
TPFS| Hzks ¥lwst 23E AE™ gol25(DW)
o] Z}z} 3.8 ATP ng/g, 169 TPF nglg, AAE(PW)
o|x Z}z} 93 ATP ng/g, 20.1 TPF pg/g, 18]l &5
TS BCOIA 242E 9.0 ATP ng/g, 18.8 TPF pg/
g2 AXFPWY HETE ARE 194 7P =
< ks VRIS 1ev ATP S ATE Bk A4A|
3] AR ol A v 7|zt e ErkE
21olE BHAFR] QQIANE, AR 40 vl SBEAS

l

o 302 wjkst ARTE ATPZ} 50% ©)d 7Hashs AS
50 miod 020 d
=30 d =40 d

40 M average

% 30

E

B 20

o
10 i
0 [N\ EN

DW PW ) BC
Inoculating solution

o} 4 220 % BAE B4 el B 7)1 2AT 27

ARG dibd o g BAE] S A= 4
% HieF 7IZES 10Y oo = k= 97 Ad(Lee and
Chon, 2000)9} ¥ A5 B3l ozl ATP Fhell <ASH
AEE FAAE 98 HA g 7Rk 309 A=t A4
3 Roz A=

HA W 7RI 30¢e] APANE BY, JEF F
Foll w2 dge gol24=DWyt ZHzt Hit 4.7 ATP
ng/g, 156 TPF pglg, AXFTPW)= ZH7; 222 ATP
ng/g, 16.6 TPF ng/g, 183l st (BC)e] 2zt
7} 13.8 ATP ng/g, 15.5 TPF pg/gl@ S7=o] ATP
g DHA 0lA B AR5 PwWelA =41 et
UthFig. 4). ol & w59 EAdhs STl
BOH 7571 fie gol2-DW)Rke 2] AX(PW)
o] ZAgole gt TR EF vAEEo] SAlRER
ol5o] HAE AET Ao nX= Jgo] 71F FA)
Ueh}] wiiEel Aoz Azt wepr & et 3
d AdM= AER o] B golsHA o)Fold
UEE 37| 93t ARG (PW)E HETE ARSI

A FAel viA] o] mIXle Y AR 9
3lo] 332 Z70l4 MSM B AJol] yeast extractsS ZFzZ}
0.1%%} 0.5%= H7FF A%S F3lsle] vlal 4438159t
Hlw AEe MSMel| yeast extract®] &X(0.1, 0.5%)%
2T W8NS 104 21 Bl TPF ol <3l 1t
Efjojx]= DHA SAEE vlwsle] 1 J3e dolHt
T} DHA B5e HFEFE ARFPW)Rt S5l
H(BCYE ©]83F 49 yeast extract 0.1%= 713519
W TPFE= 212} 29434 pglg, 33 £3.5 ug/e@IR0H, 0.5%

30 1 mi0d
830 d
laverage

[
=1

Yot
2% %%

-
30

>
NS

2]
>0

7

N

A
Xk
33

o
(X5

TFF (ug/g)
&
K

)
%%
%%t

X205

KKK
o20%e%!

R
"%

Ko
K
QL

=
=3

o*s
X

.’.’
QL

X

o
5 NS o
K] {4 ]
120 S £l
4 <X <
{0 15 Lo5d
] ] B2
0 " RSP PR

DW PW BC

Inoculating solution

Fig. 4. Effects of inoculating solutions and incubation times on biofilm formation based on ATP content and DHA.
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Fig. 5. Effects of yeast extract on biofilm formation, based on
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Table 2. Comparisons of metals toxicity on biofilm formation at batch experimental condition

Heavy metal
As (II) Cu cd
1.52 0.62 0.83
ATP (ECsp, mg/L) (0.26~8.76)* (0.55~0.71) (0.63~1.08)
DHA (ECsy, mg/L) > 100 > 100 > 100
. 11.44 0.60 0.52
VCC" (ECs, mg/L) (7.52~17.39) (0.54~0.67) (0.46~0.59)

* VCC : Viable Cell Count

? Values are the range of the 95% confidence level (low limit~ high limit)
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