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CHAPTER 5

VI RUS ADSORPTI ON- ELUTI ON (VI RADEL) DI SC FI LTER PROCEDURES
FOR RECOVERI NG VI RUSES FROM SEWAGES, EFFLUENTS, AND WATERS

Waters that contain chlorine and cannot be processed

i mmedi ately nust be dechlorinated i medi ately upon coll ection.

| medi ate dechl orination may be acconplished by placing into
the collection vessel 0.8 nL of a 10 percent solution of sodium
t hi osul fate (Na2S203) for each liter of water to be coll ected.
That quantity of Na2S203 is sufficient for neutralizing 15 ny
of chlorine per liter.

Use aseptic techniques and sterile materials and apparat us
only. Sterilize all contam nated materials before discarding
them (see Chapters 2 and 3).

1. ADSORPTI ON -- METHOD ONE

This procedure may be used for volunes of 100 mL to 20 liters
for all sewages and for all heavily polluted waters.

1.1 Preparation

1.1.1 Apparatus and Materials. Unless thunb-screwdrive-clanps
are to be used to connect tubing to equipnent, install
qui ck-di sconnect connectors on the ports of all apparatus.

(a) Disc filter holders -- 47, 90, 142, or 293 mm di aneters
(M11ipore Corp., or equivalent). Use only pressure type
filter holders. The dianmeter of the hol der used depends upon



the volunme and turbidity of the water tested. Experience with
the cloggi ng potential of the volunes of sewage, effluents, or
ot her waters under study dictates the dianeter of the filter
hol ders used. See Sections 1.2 and 2 for further guidance.

(b) Virus-adsorbing disc filters -- 0.45-m croneter pore size
(MIlipore Corp. HA series, or equivalent). Select diameter of
filter appropriate for the disc filter holder that is used.

(c) Fiberglass prefilters (MIlipore Corp., AP15 and AP20, or
equi val ent s).

(d) Di spensing pressure vessel -- 20-liter capacity (MIIlipore
Corp., or equivalent).

(e) Positive air or nitrogen pressure source equi pped with
pressure gauge. Pressure source, if laboratory air line or
punp, nust be equi pped with oil filter. |If source is capable
of producing high pressure, deliver to pressure vessel and
filter holder no nore pressure than recommended by the filter
manuf act urer.

(f) Carboy, autoclavable plastic, or flask of a size sufficient
to collect total volunme of sanple.

(g) pH neter, neasuring to an accuracy of at least 0.1 pH unit,
equi pped with conbi nati on-type el ectrode (Van London Co., or
equi val ent, for electrode only).

(h) Autoclavabl e inner-braided tubing with netal

qui ck-di sconnect connectors or with thunb-screwdrive-clanps
for connecting tubing to equipnent to be used under pressure.
Qui ck-di sconnects can be used only after equi pnent has been
properly adapted.

(i) Magnetic stirrer and stir bars.

(j) Filling bell attached to inner-braided tubing.

1.1.2 Media and Reagents

(a) Hydrochloric acid (HC1) -- 1 M Prepare 1 liter of 1 M
hydrochl oric acid solution. This solution may be stored at room
tenperature for several nonths.

(b) Sodium hydroxide (NaOH) -- 1 M Prepare 100 m. of 1 M
NaOH. This solution may be stored at roomtenperature for

several nonths.

(c) Magnesiumchloride (MgCl 2 - 6H20) -- 1 M Prepare 50 nL



of 1 MMC for each liter of sanple.

1.2 Procedure (see Figure 1 for flow diagram of procedure)
Usual |y virus-adsorbing filters with diameters of 47 or 90 mm
coupled with prefilters of appropriate size, are adequate for
raw sewage and primary effluents where vol unes of 200 nL or

| ess need to be filtered. Filters of |larger dianeter are
required for the larger volunes of secondary and tertiary
effluents that nmust be processed.

1.2.1 Assenbly of Apparatus (see Figures 2 and 3)
Use inner-braided tubing to make all connecti ons between
apparatus to be used under pressure.

(a) Renove top of filter holder C

(b) Wth two sets of forceps, place 0.45-m croneter
virus-adsorbing filter onto support screen of hol der.

(c) Wth two pairs of forceps, place AP 15 prefilter on top of
0.45-m croneter filter.

(d) Wth two pairs of forceps, place AP 20 prefilter on top of
AP 15 prefilter.

(e) Replace and tighten down top of filter holder C

(f) Connect positive pressure source A or AAto inlet port Bl
of 20-liter pressure vessel B.

(g) Connect outlet port B3 of pressure vessel B to inlet port
Cl of filter holder C

(h) Place filling bell D, with inner-braided tubing attached,
over opening of flask or carboy (E) of a size sufficient to
coll ect the total volunme of sanple.

(i) Connect free end of tube on the filling bell to outlet port
C3 of filter holder C

1.2.2 Salt Supplenentation of Sanple.
(a) Place stir bar into container holding sanple.

(b) Place sanple container on magnetic stirrer, and stir at
speed sufficient to devel op vortex.

(c) Add sufficient quantity of 1 M MyCl2 to bring the
concentration of MgCl 2 in the sanple to 0.05 M



1.2.3 Adjustnment of pH of Sanple. Optiml conditions of pH
vary for concentrating different viruses, especially viruses
fromdifferent taxonom c groups. Condi tions that favor
recovery of enteroviruses are described bel ow.

(a) Place pH electrode into salted water sanple.

(b) Add sufficient 1 MHCI to bring pH of salted sanple to 3.5
plus or mnus 0.1. Rapid mxing of acid into sanple is

i nportant because slow m xing may result in pH levels
sufficiently lowin parts of the sanple to inactivate viruses.
(c) Turn off magnetic stirrer.

(d) Renove pH el ectrode from sanpl e.

1.2.4 Filtration of Salted, pH-adjusted Sanple (from Section
1.2.3, Step [b]).

(a) Renove top from pressure vessel B.

(b) Pour salted pH-adjusted sanple into pressure vessel B.
To prevent transfer of stir bar into pressure vessel, hold
anot her stir bar or magnet underneath flask when decanting
sanpl e.

(c) Replace top on pressure vessel B and tighten down.
(d) Wap vent/relief valve C2 on top of filter holder C
wi th disinfectant-soaked gauze, and open val ve about one-half

turn.

(e) Apply pressure sufficient to purge trapped air from
filter hol der C

(f) Close vent/relief valve C2 as soon as sanpl e begins
to flow from val ve.

(g) Wpe up spilled sanple with | aboratory disinfectant.

(h) Increase pressure sufficiently to force sanple through the
filter (usually 0.4-1.5 kg/square cm.

(i) When all of sanple has passed through filters, turn off
pressure source A or AA.

(j) Wap vent/relief valve B2 with disinfectant-soaked
gauze, and open valve to relieve pressure in pressure
vessel B.



(k) When pressure is relieved, close vent/relief valve B2.
(I') Discard filtrate.

(m Elute viruses fromfilters imediately as described in
Section 3.1.

2. ADSORPTI ON -- METHOD TWO

This method is recomended for volunmes larger than 20 liters
but not larger than 400 liters (e.g., tertiary effluents,
surface waters, ground waters, and tap waters). The useful ness
of this nethod is limted by the clarity of the water that is
filtered. Prefilters nust be replaced as they clog. WMore than
ten changes of prefilters are generally inpractical. Usually,
20 liters or less of river or ocean water clog a prefilter with
a dianmeter of 293 mm For chlorinated waters that contain
sufficient solids to require elution, do not use this nethod.

| nstead, use the Viradel Cartridge Filter Procedure Method Two
in Chapter 6.

2.1 Preparation

2.1.1 Apparatus and Materials. Unless thunb-screwdrive-clanps
are to be used to connect tubing to equipnent, install

qui ck-di sconnect connectors on the ports of all apparatus
except on the additive punps. Provide physical support as
necessary for equipnment that is not free-standing.

(a) Disc filter holders -- 142 and 293 nm di anet er
(MIlipore Corp., or equivalent).

(b) Virus-adsorbing disc filters for 142 mmfilter hol der
-- 0.45-mcroneter pore size (MIlipore Corp., HA series, or
equi val ent) .

(c) Fiberglass prefilters for 293 mmfilter hol der
(M11ipore AP15 and AP20, or equivalents).

(d) Di spensing pressure vessel -- 20-liter capacity (MIlipore
Corp., or equivalent).

(e) Positive pressure source equi pped with pressure gauge.
Pressure source, if laboratory air line or punp, nust be
equi pped with oil filter. |f source is capable of
produci ng high pressure, deliver to pressure vessel and
filter holder no nore pressure than recomended by the
filter manufacturer.

(f) Plastic-coated drum(s) -- 200-liter capacity, or other



contai ner of size suitable to hold sanmple if sanple is not
punped directly from source.

(g) Sterilizable self-primng water punp that delivers
approximately 25-50 liters per mnute. Punp is not needed if
sanpl ed water is under pressure, e.g., tap water.

(h) Carboy, autoclavable plastic with nipple on bottomfitted
with tube clanped to a dispensing Y (clanp tube cl osed between
ni pple and Y) -- 20-liter capacity. |If the water at the
sanpling site is to be drawn directly froma pressurized source
and is to be dechlorinated, then two simlarly fitted carboys
are needed. Otherw se only one carboy is needed.

(i) Fluid proportioner consisting of fluid-driven notor with
four additive pumps (Johanson and Son Machine Corp., Mdel M
14 Qwith one P-562 and one P-750 additive punp affixed to each
side of the fluid-driven notor, or equivalent). Assenble fluid
proportioner, and connect tubing in accordance wth

manuf acturer's instructions.

(j) Mxing chanmber (Johanson and Son Machi ne Corp., C-SS, or
equi val ent) .

(k) pH neter, nmeasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbination-type el ectrode (Van London Co., or
equi val ent, for electrode only).

(I') Tee, stainless steel, with three fenmale NPT (National Pipe
Thread) ports. Equip center port with pH el ectrode in-line
adapter (Van London Co., or equivalent, for adapter only).

(m Autoclavabl e i nner-braided tubing with netal

qui ck-di sconnect connectors or with thunb-screwdrive-clanps
for connecting tubing to equipnent to be used under pressure.
Qui ck-di sconnect connectors can be used only after equi pnent
has been properly adapted.

(n) Filling bell attached to inner-braided tubing.

(o) Magnetic stirrer and stir bars.

(p) Sterile alum numfoil.

(q) Water neter (Badger Meter Inc., or equivalent).

2.1.2 Media and Reagents

(a) Hydrochloric acid (HC1) -- 0.12 Mand 12 M (concentr at ed)
solutions. Prepare 100 nL of 0.12 M HCl.



(b) Sodium thiosulfate (Na2S203-5H20) -- 40 percent stock
solution (with respect to Na2S203-5H20). Prepare 50 mL of 40
percent (w v) stock solution for each 100 liters of water to be
processed. Prepare one liter of Na2S203 sol ution by dissolving
400 g of Na2S203-5H20 in 500 nmL of deionized distilled water
and bringing final volune of solution to one liter with

deioni zed distilled water. |If |esser quantities of Na2S203

are needed, |esser quantities may be prepared. Sodium
thiosulfate is used for dechlorinating waters that cannot be
dechl ori nated except immediately prior to test procedure
(e.g., tap water tested directly at source). For
dechlorinating all other waters, see beginning of chapter.

(c) Magnesium chloride (MgCl 2-6H20) -- 5 M stock sol ution.
Prepare 1 liter of solution for each 100 liters of water to be
processed.

(d) Tween 80 -- 0.1 percent (v/v) prepared in deionized
distilled water. Prepare 6 liters of 0.1 percent Tween 80.

2.2 Procedure (see Figure 4 for flow diagram of procedure)
Usual |y, prefilters with dianmeters of 293 mm and
virus-adsorbing filters with dianeters of 142 mm are
appropriate for volumes greater than 20 liters.

2.2.1 Preparation and Inplenmentation. It is usually convenient
to sterilize each piece of apparatus and equi pnent one or nore
days before it is used (see Chapter 3). It is convenient to

sterilize apparatus in small units when sterilization is
acconpli shed by steam or ethyl ene oxide. However, it is

advi sabl e to assenbl e and connect units of apparatus that are
to be sterilized by chlorination. The interconnected apparatus
can be disassenbled after the chlorination procedure is

conpl eted, the ports covered with alumnumfoil, and the units
stored until used.

(a) Assenmbly of apparatus (see Figures 5 and 6). Use

i nner-braided tubing to nake all connections for apparatus to
be used under pressure. To sinmplify procedures and maintain
sterility, the apparatus is totally assenbled at this tinme

al t hough sections of the apparatus will need to be di sassenbl ed
and reassenbled | ater.

(a.1) If sanple is under pressure (e.g., tap water), connect
water source Hto inlet port 11 of filter holder I (293 mm.

| f sanple is not under pressure, connect sanple source to inlet
port HH1 of self-primng water punp HH, and connect outlet port
HH2 of punmp HH to inlet port 11 of filter hol der |

(a.2) Connect outlet port 13 of filter holder I to inlet port



J2 of fluid proportioner J.

(a.3) Connect outlet port J4 of fluid proportioner J to inlet
port ML of m xing chanmber M M xi ng chanmber nust be supported
to prevent it fromfalling.

(a.4) Connect outlet port M2 of m xing chanber Mto one arm of
pi pe tee N. Support pipe tee Nto protect electrode, if
necessary.

(a.5) Lock pH electrode Ol into pH electrode in-line adapter O2
in center post of pipe tee N. Sane pH el ectrode (after
sterilization) that is used to adjust pHin Step (d.4) may be
used.

(a.6) Connect other arm of pipe tee Nto inlet port P1 of
filter hol der P.

(a.7) Connect outlet port P3 of filter holder P to inlet port
QL of water neter Q

(a.8) Connect outlet port Q2 of water neter Q to discard.

(b) Treatnment of prefilters with Tween 80 to prevent adsorption
of viruses (see Figures 7 and 8; also see Figures 5 and 6).
Treat AP1l5 and AP20 prefilters separately. AP15 and AP20
prefilters cannot be readily distinguished one fromthe other.

(b.1) Renove top of filter holder I.

(b.2) Wth two sets of forceps, place AP15 prefilters onto
support screen of filter holder I. Up to 10 prefilters may be
stacked in filter holder |I for treatnment. The nunber of
prefilters stacked is the nunber that experience suggests wl|
be needed to filter the waters to be tested. 1In the absence of
experience, treat five prefilters of each type for relatively
clear waters and 10 prefilters of each type for nore turbid
waters. Unused Tween-treated prefilters may be stored
aseptically at 4 degrees C for up to two weeks.

(b.3) Replace and tighten down top of filter holder I.
(b.4) Open vent/relief valve I2.

(b.5) Disconnect tube frominlet port 11 of filter holder I
Protect sterility of exposed tube.

(b.6) Wth a new | ength of tubing, connect inlet port 11 of
filter holder | to outlet port U3 of 20-liter pressure vessel
u.



(b.7) Connect pressure source T or TT to inlet port Ul of
pressure vessel U.

(b.8) Renobve top of pressure vessel U

(b.9) Pour 2 liters of 0.1 percent Tween 80 into pressure
vessel U.

(b.10) Replace top on pressure vessel U and tighten down.
Check vent/relief valve U2 on pressure vessel U to be certain
it is closed.

(b.11) Disconnect tube at inlet port J2 of fluid proportioner
J, and place end of tube into 6-liter flask V.

(b.12) Cover inlet port J2 of fluid proportioner J with sterile
al um num foil.

(b.13) Apply pressure (T or TT) (about 0.4 kg/square cm
sufficient to force Tween 80 through prefilters.

(b.14) Close vent/relief valve 12 on filter holder I as soon as
Tween 80 flows through vent, and allow all of the Tween 80 to
flow through the prefilters.

(b.15) Turn off pressure source (T or TT).

(b.16) Relieve pressure in pressure vessel U by opening
vent/relief valve U2.

(b.17) Rempve tube fromflask V, discard Tween 80, and return
tube to flask V.

(b.18) Renove top of pressure vessel U

(b.19) Pour 4 liters of deionized distilled water into pressure
vessel U.

(b.20) Replace and tighten down top of pressure vessel U
(b.21) Close vent/relief valve U2.
(b.22) Open vent/relief valve 12 on filter hol der |

(b.23) Apply pressure (about 0.4 kg/square cm sufficient to
force water through prefilters (prefilter rinse).

(b.24) Close vent/relief valve 12 on filter holder |I as soon as
water flows through vent, and allow all of the deionized
distilled water to flow through the prefilters.



(b.25) Turn off pressure source (T or TT).

(b.26) Relieve pressure in pressure vessel U by opening
vent/relief valve U2.

(b.27) Discard rinse water, and replace tube outlet port |3 of
filter holder | into sanme fl ask.

(b.28) Renove top of filter hol der |
(b.29) Wth two sets of forceps, renove the AP15 prefilters

fromfilter holder 1, and place the prefilters on al um num
foil.

(b.30) Cover the stack of prefilters with another piece of
foil.

(b.31) Repeat steps (b.2) through (b.10) and (b.13) through
(b.30) with AP20 prefilters.

(b.32) Renove alum numfoil frominlet port J2 of fluid
proportioner J.

(b.33) Renobve tube fromé6-liter flask, and connect to inlet
port J2 of fluid proportioner J.

(b.34) Wth two sets of forceps, renove top AP15 prefilter from
st ack.

(b.35) Place the AP15 prefilter onto support screen of filter
hol der I.

(b.36) Wth two sets of forceps, renove top AP20 prefilter from
stack, and lay the AP20 prefilter on top of APl5 prefilter.

(b.37) Replace and tighten down top of filter holder I

(b.38) Disconnect tube fromoutlet port U3 of pressure vessel
U, and cover tube end with alum numfoil.

(b.39) Disconnect tube frominlet port 11 on filter holder |

(b. 40) Reconnect tube from pressure source Hor HH2 to inlet
port 11 on filter holder I

(c) Preparation of salt supplenent. Preparation of sufficient
salt supplenment for 400 |liters of processed water is described
below. |If less water is to be processed, proportionately |ess
salt suppl enment needs to be prepared.



(c.1) Renmove cover from 20-liter carboy K
(c.2) Pour 8 liters of deionized distilled water into carboy K

(c.3) Add 4 liters of 5 MMC 2 solution to the deionized
distilled water in carboy K

(c.4) Replace cover |oosely on carboy K.

(d) Preparation of acid for adjustnment of pH

(d.1) Pour 380 mL of test water into a 600-nmL beaker.
(d.2) Place stir bar into test water.

(d.3) Place beaker on magnetic stirrer, and stir at speed
sufficient to develop vortex in test water

(d.4) Place pH electrode into test water. pH nmeter nust be
st andardi zed before it is used.

(d.5) Add sufficient 0.12 MHCI to test water to obtain pH 3.5
plus or mnus 0. 1.

(d.6) Record volune of 0.12 M HC used.

(d.7) Add to salt solution from Step (c.3) above a volune of 12
M HClI equal to 11 times the quantity of 0.12 M HCl needed to
produce the required pHin the 380-nL volunme of test water.

(d.8) Bring acid-salt solution to 20 liters with deioni zed
distilled water, and m x solution well.

(e) Preparation of Na2S203 solution for dechlorination Step (e)
applies only to chlorinated waters processed directly froma
source (e.g., tap water). All chlorinated test waters obtained
from sources outside of the processing facility nust be

dechl orinated i mmedi ately when the sanples are obtained (see
begi nni ng of chapter). Preparation of sufficient Na2S203 for
dechlorinating 400 liters of processed water is described
below. |If less water is to be processed, proportionately |ess
Na2S203 needs to be prepared.

(e.1) Renmove cover from 20-liter carboy L

(e.2) Pour 10 liters of deionized distilled water into carboy
L.

(e.3) Add 186 mL of 40 percent Na2S203 solution to the
dei oni zed distilled water in carboy L to give a final nolarity



of 0.03, and m x solution well.
(e.4) Replace cover |oosely on carboy L.
(f) Fluid proportioner

(f.1) Connect a long length of tubing to each end of dispensing
Y on 20-liter carboy K that contains the acid-salt solution
prepared in Step (d.7) above. Tubing is already in place if
additive punps are sterilized with chlorine (see Section
2.2.1). In this instance, disconnect tubing from bottom of
additive punp Jla, and continue with Step (f.2).

(f.2) Renobve cover fromtop of carboy K
(f.3) Place free end of each tube into nouth of carboy K.

(f.4) Release pinch clanp, and allow acid-salt solution to flow
into tubes.

(f.5) Renove tubes from nouth of carboy K, and insert tubes
into the inlet (bottom ports of larger additive punps Jla.
Al'low acid-salt solution to flow freely into tubing, but
mani pul ate tubes to prevent overfl ow.

(f.6) Replace cover |oosely on carboy K

(f.7) Adjust the calibration on the metering rod for each punp
Jla to a setting of 3.2. This calibration equals delivery rate
of 1 part of acid-salt solution to each 19 parts of test water.
| f dechlorination is not necessary, |eave the ports of the two
remai ni ng additive punps J1lb covered (see Section 2.2.1), and

go to Step (f.15). |If pressurized source is used, water should
first be run for a length of tine sufficient to cl eanse spigot.

(f.8) Connect a long length of tubing to each end of dispensing
Y on 20-liter carboy L that contains the 0.03 M Na2S2C3
solution prepared in Step (e) above. Tubing may already be in
pl ace if punps are sterilized with chlorine (see Section
2.2.1). In this instance, disconnect tubing from bottom of

addi tive punps, and continue with Step (f.9).

(f.9) Renove cover fromtop of carboy L.
(f.10) Place free end of each tube into nouth of carboy L.

(f.11) Rel ease pinch clanp, and all ow Na2S203 solution to fl ow
into tubes.

(f.12) Renove the tubes from nouth of carboy L, and insert



tubes into the inlet (bottom ports of smaller additive punps
J1b. All ow Na2S203 solution to flow freely into tubes, but
mani pul ate tubes to prevent overfl ow.

(f.13 )Replace cover | oosely on carboy L.

(f.14) Adjust the calibration on the netering rod for each
additive punp Jlb to a 1.3 setting. This calibration equals
delivery rate of 1 part of 0.03 M Na2S203 sol ution to each 99
parts of test water.

(f.15) Disconnect tube frominlet port ML of m xing chanber M
and connect tube to discard.

(f.16) To renove air fromtubes, prinme punps by hand-operating
metering rods in a reciprocating notion.

(f.17) Reconnect tube fromoutlet port J4 of fluid proportioner
J to inlet port ML of m xing chanmber M

2.2.2 Filtration of Sanple
(a) Make initial reading on water neter Q and record reading.
(b) Renpve top of filter hol der P.

(c) Wth two sets of forceps, place 0.45 mcroneter
virus-adsorbing filter onto support screen of hol der.

(d) Replace and tighten down top of filter holder P

(e) Open vent/relief valves 12 and P2 on filter holders I and
P.

(f) Open pressurized water source H or start water punp HH and
purge trapped air fromfilter holders I and P.

(g) Close vent/relief valves 12 and P2 on filter holders | and
P as soon as sanple begins to flow from val ves.

(h) Wpe up spilled sanple with | aboratory disinfectant.

(i) Read pH neter O to ascertain that proper pH is achieved.
Check neter periodically to be certain that proper pHis
mai ntained. |If pH readjustnment is necessary, appropriately
alter settings on netering rods for additive punps P-750.

(j) When appropriate volume has been filtered, or if flowrate
becomes significantly reduced, turn off pressure either at
pressuri zed source H or at water punp HH.



(k) Open vent/relief valves 12 and P2 on filter holders |I and
P.

(1) Disconnect tube from pressurized source H or water punp HH,
and connect free end of tube to positive air or nitrogen
pressure source.

(m Close vent/relief valve 12 on filter holder 1.

(n) Apply pressure sufficient to force remaining sanple water
fromfilter hol der |

(o) Turn off pressure at positive air or nitrogen pressure
sour ce.

(p) Open vent/relief valve 12 on filter hol der I

(q) Disconnect hose from positive pressure source, and
reconnect to pressurized source H or water punp HH.

(r) Renpve top of filter holder 1.

(s) Replace clogged prefilters with new prefilters as descri bed
in Steps (b.34) through (b.37). If appropriate volunme of
sanpl e has been filtered, do not insert new filter into filter
hol der .

(t) Place each set of clogged prefilters on alumnumfoil, and
cover. See Section 3.2 for processing solids on clogged
prefilters. |f appropriate volunme of sanple has been filtered,

proceed to Step (cc).
(u) Close vent/relief valve 12 on filter holder 1.

(v) Continue filtration procedure. Bleed air fromboth filter
holders | and P at vent/relief valves 12 and P2 each tine
apparatus is opened to replace prefilters. As many changes of
prefilters should be nade as are necessary to process entire
sanple. Steps (qgq) through (t) may be conpleted for each set of
prefilters as filtration procedure continues.

(w) Uncover one set of prefilters.
(x) Wth spatula, scrape solids fromtop prefilter (AP20).

(y) Place solids in a tared beaker, and cover nouth of beaker
with alum numfoil.

(z) Maintain beaker at 4 degrees C. See Section 3.2 for
processi ng solids.



(aa) After required volunme of water has been filtered, turn off
pressure either at pressurized source H or at water punp HH.

(bb) Open vent/relief valves 12 and P2 on filter holders |I and
P.

(cc) Disconnect at pipe tee N the tube leading to inlet port P1
of filter holder P, and connect free end of tube to positive
pressure source.

(dd) Close vent/relief valve P2 on filter hol der P.

(ee) Apply pressure sufficient to force remaining sanple water
fromfilter holder P

(ff) Make final reading on water nmeter. Subtract initial
reading fromfinal reading to determ ne total volune filtered.
Subtract volune of acid-salt solution and, if used, volune of
Na2S203 solution fromtotal volune filtered to determ ne vol ume
of water sanpl ed.

(gg) Turn off pressure at positive pressure source.
(hh) Open vent/relief valve P2 on filter holder P

(ii) Disconnect tube fromoutlet port P3 of filter holder P
and replace with tube connected to filling bell.

(jj) Elute viruses fromvirus-adsorbing filter as described in
Section 3.

3. ELUTI ON AND RECONCENTRATI ON

3.1 Procedure for Eluting Viruses fromFilters (see Figures 2
and 3,and Figures 5 and 6)

3.1.1 Apparatus and Materials

(a) Positive pressure source equi pped with pressure gauge.
Gauge necessary only if pressure source is capable of producing
pressures exceedi ng tol erances of equi pnent. Pressure source,

if |laboratory air line or punp, nust be equi pped with an oil
filter. If source is capable of producing high pressure,
deliver to pressure vessel and filter hol der no nore pressure

t han reconmended by nmanufacturer.

(b) pH neter, nmeasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbinati on-type el ectrode.

(c) Autoclavable inner-braided tubing fitted with netal



gui ck-di sconnect connectors or with thunb-screwdrive-clanps
for connecting tubing to equipnent.

(d) Magnetic stirrer and stir bars.
3.1.2 Media and Reagents
(a) Sodium hydroxide (NaOH) -- 1 M Prepare 500 nL of 1 M

NaOH. This solution may be stored for several nonths at room
t enperature

(b) dycine.

(c) Beef extract powder (Grand Island Biological Co., or

equi valent). Prepare buffered 3 percent beef extract by

di ssol ving 60 gm of beef extract powder and 7.5 g of glycine
(final glycine concentration = 0.05 M in 2 liters of deionized
distilled water. Autoclave beef extract solution, and adjust
pHto 9 with 1 M NaCOH

3.1.3 Procedure

(a) Place filling bell attached to outlet port of filter holder
C (Method 1, Figures 2 and 3) or P (Method 2, Figures 5 and 6)
on receiving flask. To prevent toppling, it nay be necessary
to support fl ask.

(b) Disconnect tube frominlet port of filter holder C
(Method 1, Figures 2 and 3) or P (Method 2, Figures 5 and 6).

(c) Open vent/relief valve on filter hol der.

(d) Pour into inlet port of filter holder 0.45 mL of beef
extract (pH 9) for each square cmof effective filter area.
Determ ne total effective filter area from manufacturer's
specifications. Volume of beef extract thus needed for 142 mm
filter is 44 nL.

(e) Close vent/relief valve on top of filter holder.
(f) Connect tube to inlet port of filter hol der.

(g) All ow beef extract to remain in contact with filter(s)
for 30 m nutes.

(h) Apply pressure sufficient to force beef extract through
filter(s). Lower receiving flask and tilt filter holder to
permt conplete evacuation of buffered 3 percent beef extract
fromfilter(s).



(i) Turn off pressure at source.
(j) Open vent/relief valve on filter hol der.

(k) Unl ess beef extract eluate is reconcentrated or assayed
for viruses immediately, refrigerate eluate imedi ately at 4
degrees C, and maintain at that tenperature until eluate is
reconcentrated or is assayed for viruses. |If reconcentration
or assay for viruses cannot be undertaken within eight hours,
store eluate immediately at -70 degrees C. The nunber of cel
cul tures necessary for the viral assay may be reduced by
reconcentrating the viruses in the beef extract by the organic
floccul ati on procedure of Katzenelson (see Section 3.3).

3.2 Procedure for Processing Solids. Often nore viruses are
recovered fromthe solids in waters than fromthe waters from
which the solids are obtained.

3.2.1 Apparatus and Materials
(a) Magnetic stirrer and stir bars.

(b) Menbrane filter apparatus for sterilization -- 47 mm

di ameter filter holder with 30-mL slip tip syringe (MIIlipore
Corp., Swinnex filter No. SX0004700, or equivalent for filter
hol der only).

(c) Menbrane filters, 47 mmdiameter -- 5-, 1.2-, 0.65-, and
0.45-m cronmeter pore sizes (MIlipore Corp., HA series, or
equi valent). Place filter with 0.45-m croneter pore size on
support screen of Swinnex filter hol der, and stack the
remaining filters on top in order of increasing pore size.
Filters stacked in tandem as described tend to clog nore
slowly when turbid material is filtered through them

(d) Refrigerated centrifuge capable of attaining 2,500 x g.
3.2.2 Media and Reagents

(a) Di sodium hydrogen phosphate (Na2HPO4- 7H20) .

(b) Citric acid.

(c) Beef extract powder (G bco, or equivalent). Prepare
buffered (pH 7.0) 10 percent beef extract by dissol ving

10 g beef extract powder, 1.34 g Na2HPO4- 7H20O, and 0.12 g

citric acid in 100 nmL of deionized distilled water.

3.2.3 Procedure



(a) Weigh beaker that contains solids scraped fromprefilters
(from Section 2.2.2, Step [z]). Calculate weight of solids by
subtracting tare wei ght of beaker from wei ght of beaker with
sol i ds.

(b) Place stir bar into beaker.

(c) Measure into beaker 3 mL of 10 percent buffered beef
extract for every gram of solids.

(d) Place beaker on magnetic stirrer, and stir for 30 m nutes.
Viruses elute from solids.

(e) Pour suspension of solids and buffered beef extract eluate
into 250-nmL centrifuge bottle. dass centrifuge bottles may
not be able to withstand g force that will be applied. To
prevent transfer of stir bar into centrifuge bottle, hold

anot her stir bar or magnet underneath beaker when decanting
sol i ds.

(f) Centrifuge suspension for 30 nminutes at approximtely 2,500
X g.

(g) Decant buffered beef extract eluate into beaker of
appropriate size, and discard solids. The nunber of cel

cultures necessary for the viral assay may be reduced by
reconcentrating the viruses in the beef extract by the organic
floccul ati on procedure of Katzenelson. |If viruses in eluate

are to be reconcentrated, proceed to Step (h). If reconcentration
is not required, proceed to Step (i).

(h) Add 7 nL of deionized distilled water to each 3 nm_L of
eluate if reconcentration is required, and proceed according to
Section 3. 3.

(i) Load eluate into 30-nL syringe.

(j) Place tip of syringe into filter holder, and place filter
hol der on a 125-nL receiving fl ask.

(k) Force eluate through filters into 125-mL receiving fl ask.
Take care not to put pressure on receiving flask. If filter
clogs, invert filter, draw remaining fluid fromtop of clogged
filter into syringe, and replace filter holder and filters.
Steps (i) thru (k) may be repeated as often as necessary to
filter entire volume of eluate.

(') Refrigerate eluate i mediately at 4 degrees C and mmintain
at that tenperature until eluate is assayed for viruses.
| f assay for viruses cannot be undertaken w thin eight hours,



store eluate immediately at -70 degrees C.

3.3 Organic Floccul ation Concentration Procedure of Katzenel son
(see Figure 9 for flow diagram of procedure). It is preferable
to assay eluted viruses in the beef extract eluate wi thout
further concentrating them because sone |oss of viruses may
occur in concentration. However, the nunmbers of cell cultures
needed for assays nmay be reduced by further concentrating the
Vi ruses.

3.3.1 Apparatus and Materials
(a) Magnetic stirrer and stir bars.

(b) pH neter, nmeasuring to an accuracy of at least 0.1 pH unit,
equi pped with a conbination-type el ectrode.

(c) Refrigerated centrifuge capable of attaining 2,500 x g.

3.3.2 Media and Reagents

(a) Disodium hydrogen phosphate (Na2HPO4-7H20) -- 0.15 M
(b) Hydrochloric acid (HCl) -- 1 M
(c) Sodium hydroxide (NaOH) -- 1 M

3.3.3 Procedure

(a) If concentration of beef extract in eluate is 10 percent,
reduce it to 3 percent with deionized distilled water; if

vol une of beef extract eluate is |ess than 100 nmL, add
sufficient 3 percent beef extract to bring total volune to 100
L.

(b) Place stir bar in flask that contains beef extract eluate.

(c) Place flask that contains beef extract eluate on nmagnetic
stirrer, and stir at a speed sufficient to devel op vortex.

To minimze foam ng (which may inactivate viruses), do not m X
faster than necessary to devel op vort ex.

(d) Insert pH electrode into beef extract eluate.

(e) Add 1 MHCI to flask slowly until pH of beef extract
reaches 3.5 plus or mnus 0.1. A precipitate will form |If pH
is accidentally reduced below 3.4, add 1 M NaOH until pHis 3.5
plus or mnus 0.1. Avoid, if possible, reducing pH below 3.4
because sone inactivation of viruses may occur.



(f) Continue to stir for 30 mnutes nmore, and maintain pH at
3.5 plus or mnus 0.1.

(g) Renove pH el ectrode from beef extract.

(h) Renpve cap from 250-nL screw-capped centrifuge bottle.

G ass centrifuge bottles may not be able to withstand g force

that will be applied.

(i) Pour contents of flask into 250-nL screw- capped centrifuge
bottle. To prevent transfer of stir bar into centrifuge

bottle, hold another stir bar or nagnet agai nst bottom of flask
when decanti ng contents.

(j) Replace and tighten down cap on screw capped centrifuge bottle.

(k) Centrifuge precipitated beef extract suspension in
refrigerated centrifuge (4 degrees C) for 15 mnutes at 2,500 x g.

(I') Renove cap from screw capped centrifuge bottle.
(m Pour supernate into graduated cylinder, and record vol une.
(n) Discard supernate.

(o) Place a stir bar into centrifuge bottle containing the
precipitate.

(p) Add to the precipitate 5 nL of 0.15 M Na2HPO4 for each 100
mL of supernate decant ed.

(gq) Replace and tighten down cap on screw capped centrifuge
bottl e.

(r) Place the centrifuge bottle on a magnetic stirrer, and stir
slowly until precipitate has dissolved conpletely. Support
bottl es as necessary to prevent toppling. Avoid foam ng which
may i nactivate or aerosolize viruses. Precipitate my be
partially dissipated with spatula before or during stirring

pr ocedur e.

(s) Renove cap from screw capped centrifuge bottle.

(t) Measure pH of concentrate (dissolved precipitate). |If pH
is above or below 7.0-7.5, adjust to that range with either 1 M
HCl or 1 M NaCH.

(u) Replace and tighten down cap on screwcap centrifuge bottle.

(v) Refrigerate concentrate inmmedi ately at 4 degrees C, and



mai ntain at that tenperature until assay for viruses is
undertaken. |f assay for viruses cannot be undertaken within
ei ght hours, store concentrate imediately at -70 degrees C.

(w) Assay for viruses in accordance with instructions given in
Chapter 9.
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FI GURES

Figure 1. Flow Di agram of Method for Recovering Viruses from Smal |

Vol unes (100 nmL to 20 Liters) of Water, Sewage, or Effluent.

WATER, SEWAGE, DR EFFLUENT
Water, sewage, or effluent that On magnetic stirrer, add 1 M Mgt1,
contains chlarine must be {to final concentration of G.OEIH}.
collected in vessels that
contain 0.8 mL of & 10% !
solution of Na,5,0, for each H

liter of sample, \lr

SARLTED WATER, SEWAGE, OR EFFLUENT

On magnetic stirrer, adjust pH of
salted water, sewage, or effluent to
3.5 + 0.1 with T M HCT,

W

SALTED, pH-ADJUSTED WATER, SEWAGE, OR EFFLUENT

Filter salted, pH-adjusted water,
sewage, or effluent through a filter
stack consisting of AP20 and AP15
Tiberglass prefilters and a 0,45-um

virus-adsorbing filter, in that order,

| V¥iruses adsorb to virus-adsorbing filter,

to prefilters, and to solids trapped on
prefilters,

N

VIRUS-BEARING FILTER, PREFILTERS, AWD SQLIDS

Place buffered 3% beef extract (BL)
{pH 9) onto filter stack, allow 30
minutes contact, and force BE through
filters with positive pressure,

1+
ELUATE
or
,ff#’#’ e
b ey
Assay for viruses Concentrate viruses by organic
(see Chapter 9). flocculation procedure of

kKatzenelson [see Figure 5-3),



Recoveri ng

Volume Filtrations.

Smal |

Schemati ¢ Representation of Apparatus for
Viruses by the Virus Adsorption-Elution (VIRADEL) Disc Filter
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Figure 3. Photographic Representation of Apparatus for
Recovering Viruses by the Virus-Adsorption-Elution (VI RADEL)
Disc Filter Procedure for Small Volune Filtrations.




Fi gure 4.

Ef fl uents.

PREFILTFRED WATFR, SEWAGE, OR EFFLUENT

Fl ow Di agram of Met hod for
Large Volunes (More than 20 Liters) of Water,

WATFR, SEWAGE, OR EFFLUEMT
Filter sample through AP0 and AF1S

prefil ters.

prefilters,

Recovering Viruses from

Sewage, or

Replace and save clogged

SOLICS-BEARING AP20 PREFILTER

nechlorinate sample, 9F Ay continuous flow, Collect solids from
necessary, To dechlorinate, add to saople sufficient NP0 prefilter.
flow 0.03 N II-‘!E.‘:zlzl3 acidified (with 12 M HC1) W
{to find]l comcamtration ‘of TH Hg!:'lz to bring YIRUS-BFARING SOLIDS
1.0003 K] cantinucusly into pH of cample to 3.5 + 0.1 Mix 10% buffered
sarple, amd concentratian of r'|§:12 beef extract (BE]
in sample ta 0.05 M. (o 7.0 # 0.1] with
s211ds For 30 minutes,
centrifuge, and
discard solids.
Viruses elute
from so11ds,
1%
BEEF EXTRACT ELUATE
¥ / “’\
PPEFILTERED, SALTER, pH-ADJUSTED WATER, SEMWAGE, assay for wiruies Concentrate viruzes
nfr FFFLLUENT [See Chapter 87, by organic floccula-

tion techmique of
Eatzene]lson [See
Figure 5-9),

Filter sample through
0, 88-pm virus-adsorbing
filter, Maintaim pd 3.5
+ 0.1 by readjusting
addi tive feed pumps
appropristely.

L

VIFNS-EFARTHG FILTER

Flace buffered 13 beaf extract [BF)
fpH 9 + 0.1} on virus-bearing
filter, allow contact bhetween 3F
and filter for 30 minutes, and force
BE through filter.

¥iruses elute from filter.

e

BEFF EXTRACT FLUATE

/N

Aszay for viruses concentrate viruses by organic
{5ee Chapter 3. flocculation procedure of Katzenelson
(5ee Figure E-8),



Recoveri ng

Figure 5. Schematic Representation of Apparatus for

Viruses by the Virus Adsorption-Elution (VIRADEL) Disc Filter

Pr ocedure for

Large Volune Filtrations.
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Figure 6. Photographic Representation of Apparatus for
Recovering Viruses by the Virus Adsorption-Elution (VI RADEL)
Disc Filter Procedure for Large Volunme Filtrations.




Figure 7. Schematic Representation of Apparatus for Treatnent
of Prefilters with Tween 80 to Prevent Adsorption of Viruses
to the Prefilters in the Virus Adsorption-Elution (VI RADEL)
Disc Filter Procedure for Large Volune Filtrations.
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Fi gure 8. Photographic Representation of Apparatus for

Treatnment of Prefilters with Tween 80 to Prevent Adsorption of

Viruses to the Prefilters in the Virus Adsorption-Elution
Large Volune Filtrations.

(VIRADEL) Disc Filter Procedure for




Figure 9. Flow Di agram of Reconcentration Procedure (Organic
Fl occul ati on Procedure of Katzenel son).

BEEF EXTRACT (BE) ELUATE (3% OR 10% BE)

If concentration of BE is 10%, reduce
it to 3% with deionized distilled
water, [f volume of BE is less
than 100 mL, add sufficient 3% BE
to bring total volume to 100 mL.

v

3% BEEF EXTRACT ELUATE {100 mL)

On magnetic stirrer, add 1 M HC1 until
pH of 3% BE reaches 3.5 + O.1.

Precipitate forms.

i Stir for 30 minutes longer.
Maintain pH 3.5 + 0.1 with 1 M HC]
and 1 M NaCUH.
v
SUSPENDED BEEF EXTRACT PRECIPITATE
Centrifuge precipitated BE suspension
at 49 C for 15 minutes at 2,500 x g.
Record volume of supernate. Discard
supernate,
S
VIRUS-BEARING PRECIPITATE
Add to precipitate 5 mL of 0.15 M
HaEHPDq'?HED for each
100 mL of supernate discarded.
Stir on magnetic stirrer until
precipitate dissclves.
fdjust pH of dissolved precipitate
to 7.0-7.5 with 1 M HC1 or 1 M NaOH.

N
DISSOLVED PRECIPITATE

v
Assay for viruses
{See Chapter 9.)
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