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cel® (BEC). 5 The use of BEC for collecting data on mc IVI asé
b nvestigated by a nunmber of workers in recent years: see for exanple

- (1979) and 10 Eur J. Appl M cr obi al . 10 125 132 (1980) Tur ner

a B [R® AbefCEQY BYE } BQR 401-412;

ne

sbcurate deternination of nicrobial activi ty I's of considerable

I nterest in, for 15 exanmple, the food and drink |ndustré wat er  and
sensitivity under clinical applications, etc The prese tion igs
Girected th PRILSIETEMYS HesTBee ek RS LEGT RREP BEREL £8L T BECOr g 20
m cr obi al %CtIVI ty. According to one aspect of the present I nvention there

t he neasurenment of microbial activity By nmeans of a b
9 05; WO 82/04264; Matsunaga et al. #Appl. Environ. Mcrobial. 37,
et al, Bi ochem cal "Soci ety Transacti ons, 11 445 448 (1983) :
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The use of BEC for collecting data on microbial activity
has been investigated by a number of workers in recent
years: see for example AU 498905; WO 82/04264; Matsunaga
et al, Appl. Environ. Microbial. 37, 117-121 (1979) and

ji 10 Eur. J. Appl. Microbial. 10, 125-132 (1980); Turner et al (f
Biotechnology and Bioengineering Symposium No. 12 (1982)
401-412; Turner et al, Biochemical Society Transactions,
11, A445-448 (1983). The accurﬁte determination of
microbial ‘activity is of considerable interest in, for
15 example, the food and drink industry, water and
envifonmental pollution control, clinical analysis,
including antibiotic sensitivity wunder <c¢linical
applications, etc. The present invention is directed to
den : improvements in BEC methods and equipment_forlmonitoring

Lo ' : {
20 microbial activity.

According to one aspect of the present invention there is
.. provided a biocelectrochemical cell for the detection of
mibfobes in an aqueous medium the-ce}l having a working
e 25 éfectrode comprising a graphitized carbon felt or cloth,
the felt or cloth having porosity such that is possible to

use the felt or cloth for filtering bacteria out of an




provi ded a bioel ectrochenical cell for the detection of microbes in an
agueous nediumthe cell having a working 25 el ectrode conprising a
graphitized carbon felt or cloth, the felt or cloth having porosity such{ ,¢
that id pOSSIb|e to use the felt or cloth for filtering bacteria out of
2 agueous suspension thereof; said cell containing a nediator for

medi ati ng el ectron transfer between said m crobes and the working
electrode. -5 | BUWSREr 25RBEHohNCRECTEH, | BUAY | Q) f1CIE o PhEKEOCY 2

met hod of measuring mcrobral activity rn an’aqueous ne y means

bi oel ect r ochenmiyeali 444 , f‘mer@erélltahﬁrpfl le 1RASE Fo MOl i R LCHERUBen said
conprising electrically conductive carbon-bearing porous material, 10 said

net hod conpri sinig re®Risacind1GHe &raiid G B €ct s DEle-Wi t h aqueous medi um
whose _m.crobial activity is to be measured and neasuring an el ectrical

respoise from the

5 In another aspect of the present invention there is

provided a method of measuring microbial activity in an
aqueous medium by means of a biocelectrochemical cell,
wherein the cell has a working electrode comprising
electrically conductive carbon-bearing porous material,
— 10 said method comprising contacting the working electrode
with aqueous medlum whose microbial activity is to be
measured' and measuring an electrical response from the
biocelectrochemical cell, the response being related to the
microbial.hctivity of said sample; and wherein said carb-

15 bearing porous material is a material which can be used
for filtering bacteria out of an aqueous suspension

thereof.

In a third aspect of the present invention there is
20 provided an electrically conductive carbon-bearing porous
working electrode for use in a bioelectrochemical cell,
..said electrode comprising a graphitized carbon felt or

'Lf:‘w%cloﬁh rolled into a cylindrical roll the felt or cloth
.___ }

}*.havlns porisity such that it is possible to use the felt

Z§ or cloth for filtering bacteria out of an agqueous
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' bi oels rochem cal cell, the response being related to the m crobial.
act pyity\of said sanple; and wherei’n said carb- 15 bearing porous materi al

is fa arial which can be used for filtering bacteria out of an agueous
suspgqngi oh thereof. In a third aspect of the present invention there is 20
pr oXi hn el ectrically conductive carbon-bearing porous working el ectrode
for a bioelectrochemcal cell, ..said electrode conprising a

graphitrzed qabof,lebl :ah Choll Al Pl 0.8 YLl OLbgliiedigld oF

cl oth having "pori Sity such t t71S posSsible t0o usé't | t or cloth

for filtering RAgderlgaPihg0f p8PoREUEPLSK SHEPEOSLOR-LRR €8y ysdN€in a

I nvention al so provides an electrically conductive carbon-bearing porous
wor ki ng el ecty;Qf X rdiSfed fedl PeagheddPchesbcaloCehse and abSailonisa as
a mcrobial filter said electrode conprising a graphitized carbon felt. ~_
filter said electrode comprising a graphitized carbon fel®=
5 or cloth the felt or cloth having a body portion rollable

into a cylindrical roll and a contact strip portion for

connecting said electrode to an electrical connection.

Other preferred and useful features of the invention will

10 become apparent from the following description. o
In the accompanying drawings:
Fig. 1 shows a diagrammatic view of a BEC
L] . .. . .
configgrétion for measuring microbial activity in an
15 aqueous sample;
Figs. 2 to 4 show diagrammatically various
embodiments of BEC according to the present inventioh; and
Fig. 5 shows a blank of a graphite cloth for forming
an electrode. ‘ J

20
Referring to Fig. 1; the bioelectrochemical <cell is
Iqqntained in a beaker 10 with a lid 11, and placed in a
:watefjb;th 12 with a magnetic stirrer 13. If desired,
e.gf %or the analysis of obligate anaercbes, nitrogen is

25 bubbled into the cell from a nitrogen 1line 14. = The
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5 o0r cloth the felt or cloth having a body portion rollable into a :
cylindrical roll and a contact strip portion for connecting said el ectragf
to an eljectrical connection. Oher preferred and useful features of the
invention will 10 becone apparent fromthe follow ng description. In thg
acconpanyi ng drawings: Fig.- 1 shows a diagrammatic view of a BEC
configuration for neasuring mcrobial actgyity in an 15 aqueous sanpl e;
Figs. .2 to 4 show di agrammatically various enbodi nrents of BEC accordi ng
t he present invention; and Fig. 5 shows a blank of a graphite cloth for
form ng an electrode. 20 Referring to Fig. 1; the bioel ectrochem cal cel
i s contai ned i ANE isatRY genfiredly pitd 161, comprdistad Rkntinum ebeekrede hand
12 with-a magnetic stirrer 13. If desired, e.g. for the analysis of
obl i gat e anaer 88e89/ABCA gEk erenss plisstordent o T CBEPUY (heR KDEr GgedF -
line 4. The  coe e L . :
rodes 1is taken to suitable data processing equipment. As

illustrated, this comprises: a low noise current-to-voltage

5 converter 18, a low noise by-pass filter 20, a digital volt

meter 22, a buffer 24 and a precision voltage reference 26.

Figs 2 to 4 show different embodiments of the BEC according
to the present invention whicﬁ.can be used with the config-
10 uration shown in Fig. 1. Each cell contains an agqueous
analyte sample 20, an Ag/AgCl reference electrode 21 and a
working e;sctrode 22, The working electro§e in each case is
made from kVG 1000 grade of graphitized carbon felt, sup-
plied by Le Carbone (Great Britain) Ltd., of Portslade,
15 Sussex, BN4 2LX. The felt has the following properties:
Electrical resistance 1.7 ohms/cm?2
Weight m—2 150 g
Thickness 1.2 mm
Carbon content > 99%

20

In the embodiment shown in Fig. 2, the working electrode
takes the form of a planar strip of the carbon felt or cloth.

In the embodiment shown in Fig. 3, it takes the form of a

-

%ylindrical roll of the carbon felt or cloth. In the embodi-

. 25 meént shown in Fig. 4 it takes the form of a large open

cylinder of the carbon felt or cloth.




3a indicated generally at 16, corrprl se a platinum el ectrode ’
/ Agd reference el ectrode.” The output fromthe elec- trodes is

uitabl e data processing equipnent. As illustrated, this .
_ :\a | ow noise current-to-voltage 5 converter 18, a | ow noise
byipass /fil\ter 20, a digital volt nmeter 22, a buffer 24 and a precision

o the present invention which can be used with the config- 10
own in Fig. 1. Each cell contains an aqueous anal yte sanple 20,

Tt o PSS B R T SR sl i

t1zed carbon

felt, sup Ry ek B4t 18hd) d dBEC Ofan%)rﬁﬁéagésplﬁzse
Sussex, ZiLtaqJ ?ﬁ %e as t% 3'1 ovvltng properti es: - El ectri cal
resi stance obtained from 7a033§4rﬁ']? BEC using a platinum working el&/6
trode. The results obtained are shown in Table 1. 100 ul
5 (250 mM) of potassium ferricyanide were used in each cell as

a mediator.




Wei'ght [err] 150 g _Thi ckness

J 2 mm Car bon cont ent 5 99% 20 In . the enbodlnent shomn
in Fig. 2, the working el ectrode takes the forn1of a planar strip of -the -
carbon felt or cloth. In the enbodi ment shown in Fig. 3, it takes the for,
of a cylindrical roll of the carbon felt g cloth. In the enbodi- 25 nent

shown in Fig. 4 it tdkes the formof a |arge open cylinder of the carbon
felt or cloth. 4 A direct{ conparison was carried out of the response
obtained with these tthree cpnfigurations of BEC, and the response obtai ned
froma normal BEC usijng a platinum working elec- trode. - The results
obt ai ned are shown i Table}l. 5100 [er 5 (250:nm@ of poﬁ333|um
ferricyani de were used gn eich.ﬁell as nedlatorﬁ ﬁ
— ~ o~ ['= =
~ st 8 8 8 8
gg 0w -
i ™ o o~ ) < [+ 0] 0 wn\w .
83 7 2e 134 % ¢ 29 Ss
hd - [Ta o] N 3.—4 oo e~ O~ ~ -
) 2
() _'g‘ -g‘ g g
8 do do 3] o
U h m_s m.t: ¥ ¥ ]
g g5 g2 g6 g§
& § °4 § °83 § °s B <
2 5 5 §% 2 g% 5 §x 5§ g«
R ER I EREIERE
L 2 ¥ g % & Eiﬁ' B 5«6 Y 5:6
E _ _ _
- d -
3
g,
§ - s o
; 33| 88 88 8 g8 g 8
D
— £
8 5
—i ord :
as [} e X < [7s] 2] < o o0 o)
* = < =2 = ~ = <~
3
g
o gl 8
N ol -
o H oK
o = —~
i g
4
§ g
Y gl §
o| «
(s oed od oy L ) orf ot ord orf
e cl ~ = — ~
a"g il 4 8 8 3 d 8 3
g Sl o S OS] e & &l




[err] 6 The results shown in Table 1 indicate that the slope neasurenent’
ol ectrical output) was enhanced significantly using a carbon cloth working
getrode as conpared with a platinumelectrode, single sided of 7.5 cnR
area.\ For 5 exanple, for a strip of carbon cloth of equival ent dinen-
Laons\to the platinumworking el ectrode, the maxi num sl ope val ues were

. 10 Experinents were also carried out to investigate the effect on
ctriGo ef 65P803& #f shifif§23iNNrdBe s f e BE 82 Lfthat the slope

measurement (electrical output) was enhanced significantly
using a carbon cloth working electrode as compared wité#{
platinum électrode, single sided of 7.5 cm2 area. For
5 ékample, for a strip of carbon cloth of equivalent dimen-
sions to the platinum working electrode, the maximum slope
values were incréased S—- to 7- fold. For a rolled up carbon
'cloth electrode of dimensions 3.5 x 4.5 cm, the maximum
slope values were increased 10- to 20-fold.
10 _
Experiments were also carried out to invéstigate the effect
on the electrical response of increasing the surfade area of
the working electrode. The control BEC cpntaiﬁed ferri-
cyanide mediator (500 ul, 250 mM) with 150 ul E. coli (O.D.
15 1.7). The results which appear in iable 2 show that enhance-
ment of the E. coli BEC response relative to that obtained
with standard platinuﬁ/silver chloride paired electrodes
(0.5 x 1.5 cm) increased with increasing area of the working_/
electrode. The largest enhancement was obtained with the
20 12.5 cm2 cylindrical electrode, which was the largest elec-

trode that could be fitted into the 10 ml beaker used.

.




t he working electrode. The control BEC contained ferri- cyani de nedi ator
{500 [err], 250 mM with 150 [err] E. coli (O D. 15 1.7). The results which
appear in Table 2 show that enhance- nent of the E. coli BEC response
relative to that obtained with standard platinum silver chloride paired .
el ectrodes (0:5 x 1.5 cn) increased with increasing area of the working -
el ectrode. The | argest enhancenent was obtained with the 20 12.5 cn® !
cylindrical electrode, which was the Iarg@st el ec- trode that could be
fitted into the 10 m beaker used. [err] As a negative control, RVG
1000 cloth cylindrical electrode (area 12.5 cnR) with 0.1% pept one water
(500 [err]) produced no response in the BEC. 5 Detection of | ow

concentrations of E. coIi-ip t he BEC
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The vior ki ng el ectrode was made from RVG 1000 carbon felt or platinum foi
-platinum foil working electrode was in the standard configuration, that

el ec- trode. The carbon cloth el ectrode was one of two shapes. It

a cylinder of rolled-up clotl, of initial dimen- sions 4.5 ¢mx
(Rei ght x width), or an open cylinder of height 3.0 cm and outside
.3 cm In the forner 15 case the reference el ectrode was &

|ngle sided Ag/ Agd reference electrode (0.5 cmx 1.5 cn). In
the | atter casfiHeGaenvehedrti s BHCRVE U0 @t oy Kidritail dldgtode
coated silver foil (dianeter: 0.95 cm height: 2.00 cm. |0 m of the

st andard BEC(akeatlaIﬁtem@1561hhrm Lﬁ=§Hbmm&ﬁ&mnﬂnf«800cu&ﬁn@eodﬁﬂ@dﬂno_
was used with the platinumworking el ectrode. Wien the |arge (12.5 cnR).
carbon cl ot hresponsedds wheeBESad, the total electrolyte volume was 8.0
The el ectrol yte consi sted of sodi um phosphate buffer (6.4 m, pH 7.0, 50
mV), potassiumchloride (0.8 mM, 1.0 M, 25 potassiumferricyanide (150

[err], 250 mM), glucose (150 ul, 25 mMVM and E._coli cells (0.5 n1 . Al BEC
experingn§s petection of low concentrations of E. coli in the B

The working electrode was made from RVG 1000 carbon felt or

platinum foil. The platinum foil WOrking electrode was in

the standard configuration, that is mdunted on a plastick/

10 support on the opposite éidé to an Ag/AgCl reference elec-
trode. The carbon cloth eleétrode was one of two shapes. It
was either a cylinder of rolled-up cloth, of initial dimen-
sions 4.5 cm x 3.5 cm (height x width), or an open cylinder
of height 3.0 cm and outside diameter 2.3 cm. In the former

15 case the reference electrode was a standard single sided
Ag/AgCl reference electrode (0.5 cm x 1.5 cm). In the

latter configuration the reference electrode was a cylinder

of AgCl coated silver foil (diameter: 0.95 cm, height: 2.00,

S cm). 10 ml1 of the standard BEC eiectrolYte (150 ul of
20 potassium ferricyanide, 250 mM) was used with the platinum
working electrode. Whén the large (12.5 cm?) carbon cloth
electrodes were used, the total electrolyte volume was 8.0
ml. The electrolyte consisted of sodium.phosphate buffer
(6.4 ml, pH 7.0, 50 mM),_potassium chloride (0.8 ml, 1.0 M),

25 potassium ferricyanide (150.u1, 250 mM), glucoée (150 ul, 2%
mM) and E. coli cells (0.5 ml). All BEC experiments were

carried out at 39.5°C. The E. coli was harvested in the




carried out at 39.5C. The E. coli was harvested in the 9 stationar
phase, after overnight growth on nutrient broth in a 250 m shake flZ A
(150 rpm [err]). The results of these experinments are presented in/Tabjed
3. 10 [err] - The | owest concentration of E. coli that was tested Wag
1.1 x 106 cells [err]. The carbon cloth electrode (6.5 cnR) gave al| maxi

current (2.4 [err]) thaf was twelve tines that of the platinun1ele..roo-‘
(0.7 cnR).: The signal to noise ratios

stationary phase, after overnight growth on nutrient broth

S in a 250 ml shake flask (150 rpm, 30°C).

The results of these experiments are presented in Table 3.



5
skiould be feasible to d

et ect

obt'ai ned using the carbon-cloth ranged from2.8 to 21.4. Hence it
| ess than 106 cells [err] Wen a | arger carbon

clothyel ectrode was used there was no significant change in the maxi num

current:

|nvest|gated as follows:
spirals and inserted ing
Known vol unes of aqueou
cul tures obtained from
transferred to the pipe
spiral plug of carbon f
sanple and in the filtr
each experinment by stan
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Detection of low concentrations of

TABLE 3

10 Use of carbon felt or cloth as pre-concentration nedlun1The
effectlveness of carbon felt or cloth asl@ bacteri al

filter was .

15 Strips of RVGLOOO carbon felt were rolled into

0 the bgre of a graduated |Onml pipette (i.d- 8nm.
5 suspengi ons of bacteria (prepared from m xed
Feal sanyl es of used cutting fluids) were
[te and 30 allowed to fall, by gravity, through the
bl t. The jconcentrations of bacteria in the original
At e - were {determined i medi ately before and after:
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lilquid in the plug was known. Results are given in Table 4: 13 [er
14 The use of a filter/electrode to increase the BEC response of
Pseudonmbnas aerugi nosa Fig. 5 shows the configuration of a graphite ft
used to'5 make a filter electrode. The graphite cloth (Le Carbone:

5
/
10
15
—/
20
. 25

11

The lowest concentration of E. coli that was tested was 1.1
x 10% cells m1~l. <The carbon cloth electrode (6.5 cm2) gave

a maximum current (2.4 uA) that was twelve times that of the

platinum electrode (0.7 cm2). The siénal to noise ratios

obtained using the carbon cloth ranged from 2.8 to 21.4.
Hence it should be feasible to detect less than 109 cells
ml-l, When a larger carbon cloth electrode was used there

was no significant change in the maximum current.

Use of carbon felt or cloth as pre-concentration medium

The effectiveness of carbon felt or cloth as a bacterial

filter was 'investigated as follows:

Strips of RVG1000 carbon felt were rolled into spirals and
inserted into the bore of a graduated 10ml pipette (i.d.
8mm). Known volumes of aqueous suspensions of bacteria
(prepargd fiom mixed cultures obtained from real samples of
used cutting fluids) were transferred to the pipette and
allowed to fall, by gravity, through the spiral plug of
carbon felt. The concentrations of bacteria in the original
sample and in the filtrate were determined immediately
before and after each experiment by standard plate count.
The total number of bacterial cells in each sample was cal-
culated from the concentration measurement and the number of
bacteria retained in the felt plug was obtained by differ-

ence. This was expressed as a proportion of the total number



TGM 288\ had a geonetric working area of 17.5cn2. It com prised a
body portion 23 neasuring 7.0x2. 5cm and a contact strip

tlghtly roI ed up with the contact stlﬁnlgp inside the roll and pushed inside
alsyrg Sabre @ 2m @ internal diamSter ca. 9m). The end of the syringe
had bedn¥regnoved to allow the filter/ electrode to be pushed out of the
syr\nge bgfrel with the 15 plunger. The filtration efficiency was

det erwin€d by, r e, S i ‘ h
the filter ana %%%r?%\hg‘plti%esg% t?ggi%hﬁenm ty ‘?gp% gO) ?E‘}Eﬁ trat e. &g%
The final VO'I:HEEVBfluhEeofE' |1t:.h%tla YasS tRAPIRA wat&kdKalll ts are ShOW“ in

Tabl e 5. Table nber of filtration-passes : O D.600 O
1.02 1 0.31
Results are given in Table 4:




15 2 0.19 3 0.16 4 .
0.16 5 0.10 5 ' - 6 '
0.14 Th? sanple was 2. Onl of Pseudononas aerugi nosa (5x109 cells [err].
The optfcal density of the filtrate decreased rapidly with the nunber of
f||trat|on passes and stabilised after three passes, possibly due.-to .
saturation of the filter. After six passesg through the filter 93.5% of t e
bacteria remained on the filter. 15 To exam ne the use of the
filter/electrode as a filter and as a working el ectrode, sanples of a P.
aer ugi nosa suspen- sion (4m or.8m) or of a FAM2 blank (4m or 8m) were
passed through the filter. The filter/el ectrode was eJected 20 fromthe
barrel of the syringe, unrolled and placed around
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the Lpternal

wall of the BEC. Platinumfoil was folded around the ends of ~

crpcodil'® clip connectors with electrolyte that had seeped up the strip.
The celll\yas 25 assenbled with an Ag/ﬁgpl reference el ectrode 'that was
sfi ng| Aled and had a geonetric area 0. 75cnR2. The-elec- trol yte was
sodi u dsphate buffer (8.35m, pH 7.0, 50nV) 16 in potassiumchloride
sl uti {1l OO, glucose (150[err], 25mM, 1, 4-benzoquinone (250 [err],
25mMy) ang/ ferricyani de (250 £errL, 250n“06 The experinents were carried

out [ erki}e focreasecthecBEQ) response
Sanpl e vol . Max. . sl ope Max, current (m) (uA f[err])
([err]) 10 ﬁﬁi@&&%&&s agryginosa 159 58

10

15

20

25

S

Fig. 5 shows the configuration'of.a graphite cloth used to
make a filter electrode. The graphite cloth (Le Carbone:
TGM 285) had a geometric working é;ea of 17.5cm2. It com-
prised a rectangular body portion 23 measuring 7.0x2.5cm,
and a contact strip portion 24 measuring 2.5x0.5cm.
_ : K/

To form a filter tﬁe electrode was tightly rolled up with
the contact strip inside the roll éna_pushed inside a
syringe (Sabre : 2ml : internal_diameter ca. 9mm). The
end of the syringe had beén removed to allow the filte:/

electrode to be pushed out of the syringe barrel with the

plunger.

The filtration efficiency was determined by repeatedly pass-

ing the same sample of P. aeruginosa through the filter and
measuring the optical density (0.D.ggp) of the filtrate.

The final volume of the filtrate was measured. The results

are shown in Table 5.

Table 5
Number of filtration passes 0.D.g00

0 '1.02
1 0.31




FAMR ‘cont r ol 4.0 37 18 P. aerugi nosa
ca. 700 136 FAM2 control - 8.0 ‘ 21

The concentration of the P. aeruginosa was 2x [err] cells [err]. These-
deronsfrated that both the maxi num sl ope and the naximum current ifncr ea
on doubl'ing the volune of the bacterialjsuspension that was passeg t hr

the filter/ 20 electrode. The accuracy of the neasurenent of th
current was consi derably higher than that of the manually neasure
sl opes. The doubling of the sanple volune resulted in an increase
signal to noise ratio of the maximumcurrent from3.3 to 8.4. The nma

current there- 25 fore approx2nmately doubl ed as the s@rpPe vol une was
doubl ed. This denpnstrated that a filter/el ectrode can_enhance the BEC

signal froma sanple of P. aer%glnosa 17 The resul Ps18f the experinents
descr Med above show: -
4 0.16
5 a 0.10
5 6 : 0.14

The sample was 2.0ml of Pseudomonas aeruginosa (5%x109 cells

_ m1~1l),
N\

10 The optical density of the filtrate decreased rapidly with
thé number of filﬁration passes and stabilised after three
passes, possibly due to saturatlon of the filter. After six
ipasses through the filter 93.5% of the bacteria remained on
the filter.

15
To examine the use of the filter/electrode as a filter and
as a ﬁorking electrode,'samples of a P. aeruginosa suspen-

N sion (4ml or 8ml) or of a FAM2 blank (4ml or 8ml) were

passed thfough the filter. The filter/eiectrode was ejected

20 from the barrel of the syringe, unrolled and placed around
the interhél wall of the BEC. Platinum foil was folded
around the ends Of'the contact strip of the working elec-
trode to prevent wetting éf the crocodile clip connectors
with electrolyte that.had seeped up the strip. The cell was

25 agsembled with an Ag/AgCl reference electrode that was
| single sided and had a geometric area of 0.75cm2. The elec-

trolyte wasiso&ium'phosphate buffer (8.35ml, pH 7.0, 5S0mM)



(i) that increasing the length of the carbon felt plug (given by the

vol upe) raises the efficiency of the 5° : separation i.e. %
retgntjpn values obtained with 1.8 ml are consistently higher than.when
usifng~t4 m, (ii) that reasonable ef fi,ci ency and repeatability is 10

obf ai hgd-\ ndependent of the starting volunme of sanple especially:-at t he

hi ghe |l ength, (iii) that concentration factors in excess of half the
t hepr etyital maxi num can be achi eved with relative 15 ease. It

col | sy _hact g ap b8 8ital adhYelyidar §61vdise 01 08aMIGUSy Buepeesi (A6 Gill,
toretain themin a relatively 20 snmall vol une thereby increasing the
concentrat i orz5aM Pacl -, 4eben idqh i@ onleli (250a1 bpn 2fSahM ) orarad ofleraaiicyanide
t herefore be shown to have three nodes of action within the BEC. (a) as~an
el ectrode, entElibg RISOMBEC r eTpensxpmar 2lents were cacriedi ogttabt 22«C.
surface area,

The results are shown in Table 6.

5
Table 6
Sample Sample vol. Max. slope Max. current
(ml) (A min-l) (uh) -~

10 P. aeruginosa = 4.0 159 58

FAM2 control 4.0. 37 18

P. aeruginosa 8.0 | ca. 700 136

FAM2 control 8.0 21 | 16

15 The concentration of the P. aeruginosa was 2x108 cells mi1-1i,

These data demonstrated that_bpth the makimum sLope and the
maximum current increésed on doubling the volume of th_/
bacterial sﬁspension that was_paésed'through_the filter/
20 eiectrode. The accuracy of the measurement of the maximum
current was considerably higher than that 6f the manually
measured maximum siopes. The doubling of the sample volume
resulted in an increase of the signal to noise fatio of the
maximum current from 3.3 to 8.4. The maximum current there-
25 fore approximately doubled as the sample volume was doubled.

This demonstrated that a filter/electrode can enhance the

BEC signal from a sample of P. aeruginosa.



18" (b) as an el ectrode, enhancing the BEC response due to adsorption of
bacterial cells fromthe sanple onto the carbon. This can be deduced fro
the [err] in Table 1, in particular the increase in maxi num5

sl ope feasured when Yersinia enterocolitica were exam ned in the BEC
enhancenent is clearly nore than can pﬁyexplained by a sinple increas
surface area of the el ectrode, 10 (c) as a filter for ‘4
preconcentrating bacteria prior to being used as an el ectrode as abovq. -
el ectrode conveniently uses graphitized carbon felt or cloth, but othe
material s coul d be used which conbine 15 porosity with active electri

conductive carbon of high surface area.
The results of the experiments described above show:

(i) that increasing the length of the carbon felt plug

(given by the volume) raises the efficiency of the

5 separation i.e. % retention values obtained with
1.8 ml are consistently higher than when using 1.4

ml,

(ii) that reasonable efficiency and repeatability is
10 obtained independent of the starting volume of

sample especially at the higher path length,

(iii) that conqentration factors in excess of half the
theoretical maximum can be achieved with relative

15 ease.

It was concluded that carbon felt could be used very satis-
factorily to collect bacteria from a relatively large volume
of aqueous suspension and to retain them in a relativély
20 small volume thereby increasing the cdncentratidn of bact-
eria in the fluid. Carbon felt or cloth can therefore be

shown to have three modes of action within the BEC:

(a) as an electrode, enhancing the BEC response by

25 | increasing the surface area,



19 CLAINSE: 1. A method of nmeasuring mcrobial activity in an

di um by neans of a bioel ectrochem:cal cell, wherein the cell has
a workj ngq el ectrode conprising 5 electrically conductive carbon-bearing
poroyis. pt exi al , said nethod conprising contacting the working el ectrode

wi t hf agielgus\ medi um whose microbial agigivity is to be measured and

measyri anlel ectrical response fromthe bioelectrochemcal cell, the

resp ifg related to the 10 microbial activity of said sanple; -and

wher ei i ¢/ car bon- bearing porous naterial is a material which can be used

for fil g bact@®) 29180 of18F LERAS us SBEARNER Pt PREf repponse dugt Ko d
according to claim1 wherein the carbon of 15 sajd electrode is in _the form
of graphite. 3. A AASRFPHL A Rpeial ifel hAefEiar £he fBmpilsy onto
el ectrode conprises a graphitized c on felt .or clqth. 4. met hod (~—~,
according to any one %I%?ﬁéonT tgf 1ﬁh8ﬁ§rPetﬁsgﬁgﬁﬁﬂﬁﬁﬁmfkh%s¥ﬁﬁukﬁa
cell is preceded by in Table 1, in particular the increase in maximum

5 slope measured when Yersinjia enterocolitica were

examined in the BEC. The enhancement is clearly
more than can be explained by a simple increase in
surface area of the electrode,
o
10 : (c) as a filter for preconcentrating bécteria prior to

being used as an electrode as above.

The electrode conveniently uses graphitized carbon felt or
cloth, but other materials could be used which combine
15 porosity with active electrically conductive carbon of high

surface area.

- S b g as s
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20‘paésing a known vol une of the aqueous nedi umthrough the porous
el ectrode to preconcentrate mcrobes on thé el ectrode. 5. A net hod
neasur“ng mcrobial activity in an aqueous nedium according to /c
1 substiantially as 25 described herein. 6. - A Dbioel ectrochem calf ¢
for the detection of microbes in an aqueous nediumthe cell havin
wor ki ng 20 el ectrode conprising a graphibi zed carbon felt or cloth, fhe
felt or cloth having porosity such that is is possible to use the felt Or -
cloth for filte@LAd¥Sbacteria out of an ‘aqueous suspension thereof;
said cell <containing a 5 nediator for nediating electron transfer .
bet ween sai d niler obed ame thival woifki ngashedhngodfic?obialA hicaalaaty oghenigal
cell according to claim®6, said cell containing an aqueous medi um
cont ai it ng ni cPEMEPUSN medium by means of a bioelectrochemical cell,
wherein the cell has a working electrode comprising
5 electrically conductive carbon-bearing porous material,
said method comprising contacting the working electrode
with aqueous 'meQium whose microbial activity is to be
measured and measuring an electrical response from the
bioelectrochemical cell, the respohse being related to the
10 microbial activity of said sample; and wherein said
carbon-bearing porous material is a material which can be
used for filtering bacteria out of aﬁ aqueous suspension
thereof.
¥
2. A method according to claim 1 wherein the carbon of
15 said electrode is in the form of graphite.
3. A method according to claim 2 wherein said working
electrode comprises a graphitized carbon felt or cloth.
4, A method according to any one of claims 1 to 3
—/ wherein the measurement using the cell 1is preceded by
20 passing a known volume of the aqueous medium through the
porous ‘electrode to preconcentrate microbes on the
_ electrode,
5. A method of measuring microbial activity in an
-aqueous_ﬁhedium' according to claim 1 substantially as
*.25 .described herein.

6. - A bioelectrochemical cell for thé detection of

.
. H

microbes in an aqueous medium

B

}the cell having a working

I
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NM th said working el ectrode; said nediator being 10 dissolved in
Iym 8. A Dbi oel ectrochenical celtl according to claim6 or 7

| d working electrode conprises a graphitised carbon felt.or cloth
a cylindrical roll. 9.A bioelectrochemcal cell according to
7 15 wherein said working el ectrode conprises a graphrtized

tf or cloth, the felt or cloth®faving a body portion rollable
fndrical roll and a contact strip portion for connecting_sajd

el es¢ r ode oebﬁcéFééFHQQQP%ﬁﬁﬁéht?oﬁ?aPﬁétéF&ﬁm?ﬁﬁP%P5535&r&fugéﬂFE‘as

20 a obial filter. 10. A _bi qgel ect hem cal |l ding..t
Claim 6 subsEARt FEREy OFs AOS PRI MoRGrRe 1ty Suok, TRRbctT) £g pyeoinis

duct i hon- i . ' ' tr.ode .f i
Sroel cot v conbh BAF 3B Fohe DO 0B, FoRS-BAREHIRE 00 v ot
felt or ClotRauelofid ChddPongsfX! I PALEEBE,T Ol lad g 1611 0TcSh PR RAY N

porosity suc Rat 1t 1's possSi use the f
5 mediator for mediating electron transfer between said

microbes and the working electrode.

7. A bioelectrochemical cell according to claim 6, said

cell pontaining\gn aqueous medium containing microbes in

contact with said\hprking electrode; said mediator being
10 dissolved in said medium.

8. A bioelectrochemical cell. according to claim 6 or

7 wherein said working electrode comprises a graphitised 

carbon fel? or cloth rolled into a cylindr%cal roll.

9.A bioeiectrochemical cell according to claim 6 or 7
15 wherein said working electrode comprises a_ graphitized

carbon felt or cloth, the felt or cloth having a body

portion rollable into a cylindrical rbll and a contact

strip portion for connecting said electrode to an

electrical connection; the electrode also being usable as o
20 a microbial filter.

10. A bioelectrochemical cell according to claim 6

substantially as described herein. |

11. An electrically conductive carbon-bearing porous

k{?bnkihg electrode. for use in a bioelectrochemical cell,

L,

B A = .

‘-%‘:'25:_sa.id:_;3glectrode comprising a graphitized carbon felt or
- ;glot;ﬁ':rolled into a cylindrical roll the felt or cloth

K _;:';.T‘ ;".;1\! I ’

i :pi%ing porosity such that it is possible to use the felt

T e,

A
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21 or cloth for filtering bacteria out of an agueous suspensi on thereof.
=12, An el ectrically conductive --carbon-‘bearing porous working el ectrode
for Use in a bioelectrochenmical cell and 5 also for use as a mi crobial
filterf said electrode conprising a graphitized carbon felt or cloth the &
felt or cloth having a body portion rollable into a cylindrical roll

a contact strip portion for connecting saijd electrode to an electrica
connection. 10 .13. An el ectrode according to claim1l or 12 substanti
as described dere¢noth for filtering bacteria out of an aqueous

suspension thereof.

12. An electrically conductive carbon-bearing porous

working glectrode for use in a bioelectrochemical cell and
5 also for use as a microbial filter said electrode

comprising a graphitized carbon felt or cloth the felt or

cloth having a body portion rollable into a cylindrical

roll and a contact strip portion for connecting said
" electrode to an electrical connection.
10 13. An electrode according to claim 11 or 12
substantially as described herein.
¥
i\./"

< e,

ARSI ' '.
e | R R O+



