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EFFICACY OF BIOCIDES IN CONTROLLING
MICROBIAL POPULATIONS, INCLUDING

LEG/ONELLA,

D.H. Pope, Ph.D,

ABSTRACT

Ter cooling towers were tested to determine possible
correlations between Legionella numbers and physical,
chemical, biological, and operational parameters. Sig-
nificant correlations were found between total bacteria and
Legionella levels as measured by direct fluorescent an-
tibody techniques, Five biocides were tested for efficacy in
controlling Legionella and other microbial populations in
Sfour towers. The results showed that most biocides were
ineffective at manyfacturers’ suggested dosages. Only
Jfrequent, high doses of organic biocides or low-level
continuous treatment with an oxidizing biocide showed
promise for long-term control of microorganisms in the
towers tested.

INTRODUCTION

Cooling systems, including open recirculating cooling
towers and evaporative condensers, are known to harbor
microorganisms both in the bulk water and on surfaces.
These microorganisms cause a variety of problems,
including loss of heat transfer efficiency and deterioration
of system components. These systems have also been
implicated in the growth and dissemination of pathogenic
microorganisms, particularly those belonging to the genus
Legionella (Howland and Pope 1983). Early work implied
that aerosols from various heat rejection units (cooling
towers, evaporative condensers) were responsible for many
of the confirmed cases of legionellosis. In one instance it
was felt that the role of the aerosol was demnonstrated in an
outbreak of legionellosis in a hospital in Tennessee (Don-
dero et al, 1980). The plume from an adjacent tower could
have reached the air intakes of the patients’ rooms.
However, 'in another case that implicated a cooling tower
in an outbreak in Rochester, New York, it was found that
the water distribution system of the facility was contami-
nated with L. pneumophila (Nolte et al. 1984). Many
hospital outbreaks of legionellosis have been traced back to
the water distribution system (see Muraca et al. [1988] for
details), and the role of cooling towers in outbreaks has
become much less clear. Other cases have further impli-
cated water distribution systems (States et al. 1987; Stout
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et al. 1985) and their role in contaminating shower heads
(Bollin et al. 1985), hot water tanks (Fields et al. 1989),
and potable water supplies (Tison and Seidler 1983).

Several investigators have studied the efficacy of
biocides in controlling microorganisms, including Legionel-
la, in cooling tower environments, Soracco et al, (1983)
demonstrated that many commercially available biocides
kill Legionella and many of them kill the algae capable of
supporting Legionella growth (Tison et al. 1980) when
tested in a laboratory environment. Braun (1982) and
Soracco and Pope (1983) demonstrated, however, that
some of these same biocides are not as effective in ‘‘real
world”' cooling systems,

Fliermans and Harvey (1984) suggested that bromine-
containing biocides might not be as effective as chlorine in
controlling Legionella in open cooling systems. Later work
by McCoy and Wireman (1989) found that bromochlorodi-
methylhydantoin (BCDMH as 1.0 ppm chlorine) was
99.9% effective against L. pneumophila in industrial
cooling water. Muraca et al. (1988) state that biocides have
been found to be ineffective in ‘‘eradicating’’ Legionella
from cooling towers and are ‘‘only marginally effective in
reducing organism numbers.’’ The literature is divided
regarding the case for chlorine, especially in potable water
systems. In certain instances, continuous chlorination (1.0
to 1.5 mg/L) and shock chlorination (= 50 mg/L) were
found to be ineffective (Muraca 1988). Studies by Baird et
al, (1984) and Massanari et al. (1984) found that hyper-
chlorination (i.e., greater than 2.0 mg/L) successfully
controlled Legionella. Although chlorine has been found to
be effective in some cases, the above literature suggests
that chlorine may be coatraindicated in some industrial
environments.

Pope et al. (1984) demonstrated that ozone, if properly
applied, could effect control of microbial populations,
including Legionella, in a variety of cooling systems. The
degree to which general microbial communities in the
cooling system can, or should be, controlled is an open
question. Most investigators would contend that main-
taining a cooling system in a sterile condition is impractical
and uneconomical. Instead, the target is to keep the
microorganisms under control and to limit their effects on
operation of the system. The situation with respect to
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Legionella control is little different. Some investigators
(Fliermans and Nygren 1987) have used fluorescent
antibody methods to measure Legionella populations in
such devices and have proposed a practical ‘‘working
level’” of 10,000 Legionella pneumophila per milliliter,
above which serious consideration should be given to
cleaning and chemically disinfecting the facility.” Other
investigators (Morris and Shelton 1990) have used culture
methods and have suggested that levels of viable

(culturable) Legionella in the range of 10 to 100 per

milliliter might be cause for enhanced tréatment.

The objectives of the two-phase study reported here

were to o i .

1. determine whether the levels of Legionella in cooling
systems could be statistically con‘blated with other
cooling system parameters and :
test the g'blhty of several commercmlly available

. biocides to cqntrol mtcroorgamsms, mcludmg Legmn-

ella, in cooling systems. ;

MATERIALS AND METHODS

My A

Cooling Syﬁt‘éiﬁsEIStudied ;

The objectwe of phase I was to determine lf sxgmf' cant
correlat:q,ns between Leg:one!!a levels and other biological -
and operational parameters existed. In this phasc. 10 sites
were sampled. These are listed in Table 1” aloag with
system chamctenstzcs As cin be seen, the sites included
open coolin towers and evaporative condensers, somé of
which operated as pairs (two identical units operatirig in the"
same facility). All operated ‘on the ‘same make-tp water
(city_of Troy, New' York) and all had beetr on snmfar ‘
chemcal treatments (usmg the same biocides and corrosnon i
qubuors) for more than 10 years. A wide range of system”
parameters (e.g., volume, temperamres) were represented.

Make-up voltumes were recorded from meters-on the/l
individual units. Event recorders were installed-on all’
towers used in phisé 1l in which biocides were “tested.
These were to be“lised with-blowdown rates to detérmine -
blowdown volumes over timé. Unfortunately, these rarely -
gave accurate ‘readings due to faulty operatiofi‘of the towers"
(e.g., dirt and leaves can clég’blowdown valves).

It shi6lild'be emphasizéd thiat all ottier routine chemical-
treatments (corrosion/scale inhibitors) contifined in the’
towers during all phases of the study. Biocides that were in
use by the host facility during the study were-feplaced only-
for the duration of thie testing. Thére were apptoximately
three cy'cles of concentration (i.e., the number of times the:
solidsin a particular volume of water are concentrated
[Drew T1979)) in s}'stems tested O T ¥

= TR )
Mmrobmlog:cal Analyses .
N e o

Water satfiplés swere obtainéd from. the towers, and,

temperature, pH, and total dissolved solids (i.e., by

=2

. TABLE1 e
Cooling Systems Sampléd in First Qliarter ”
Site Number | i - Lol A A
and Towar-, Mlnufcctuut ik . Volume '{|'*
Designation’ 9 and Model Typs Cocatlon (gal)
1- CIE BAC CFT 2427 FCR | Open | Outside shetter, | 7000
: | roof "ot
2-CIW  [BAC CFT 2427 FCR [ Open [ Outside shelter, ['7600
1 oo M pgefiLtit e T
3 - Cogs Mariey 222-621° | Open’* | Outside, 7ot~ |+
4.cC BAC ch 375 CR | Open | Outside, ground | 7000
S - Unian, . Mquay ?128 Open | Outside, roof 7
6-Ww, 1 . |Marsy 82_02 ) Open Outside, ground T i
7-Ub15L! | BAGVS14100-1 Closed | Inside, top floor [ 1100
8-LKy' " | BACVSI-100-F Closéd: i{'Inside. top floor'{110Q .,
9-JECI' |BAGVS1-2003  [Closed ‘| inside, ground |i1200
et W A% -+-| floor T AT
10 - JEC2 BAC VS51-200-3 Closed | Inside, ground [5110Q | -,
3 S B 2y | floor AT i

"Toweérs were not usad after the initiak.sampling: additional Inforrnntmn

was nat obtained. T

I R R L8 L

conductmty) were - detehmned on...site using. ,pqrtable

probes. Aliquots:of each sample were processed:on, site
using serial- decimal dilution to.an endpoint to determine
the numbers of viable bacteria. Acid-producing (APB;
facultative anaerobes and anaerobes that produce organic
acids) and‘sulfate-reducing bacteria (SRB) were enumerated
in this fashion using commercially available, prepared fluid
media (proprietary media formulationsy see Table 3). The
remainder of the  sample was returned to the.'lgboratory
within 30 minute$ of collection. Dilutians; of:-the; samples
were pérformed in autoclaved and filter-sterilized deionized
water;-and these Weré plated onto standard plate count agar

to obtain the total viable .count: Plating was alsq-done to -

obtain total viable Pseudomonas spp..counts. -,

" Legionella analysis was done on both unconcentrated .

and concentrated samples. Concentration was achieved by
filteting " aliquots “(up to 100 mL) of:the samples: onto
polycarbonate 'meimbrarie- filters With"a ‘pore 'size of 0.2
um: Aliquots of thiesé concentrates were treated with aesd

and/or Heat'according t6 the procedures outlined by Dennis -
(1988). "These samples were plated onto selective and -
nonseléctive Legionella agar plates (i.e., buffered:charcoal -

yeast extract (BCYE) with and without antibiotics [APHA!
1989]). Media from several sources were used and com-
pared. I

~ Aliquots of each sample were incubated wlth INT dye
(2-[4-iodophenyl]-3-[4- mtrophenyl] S-phenyltetrazollum

r

chioride) and respiratory substrates for one hour at room
temperature in an attempt to qetermma the numbers ot“'

viable cells in the total microbial and pmsumptwe Legion-
ella populations; Details of these procedures have been
described by Fliermans et al. (1981). Total :mcrl;)scoplc
counts were dope by spotting concentrated, unconceutmed

and diluted aliquots of the samples incubated with INT onto



toxoplasmosis.slides and then air drying, heat fixing, and
staining them with fluorescein isothiocyanate (FITC). The.

niicrobial cells were enumerated ! using an epifluorescence

microscope at 1000 X magnification. The number of INT-
positive cells was determined by counting the percentage of
cells having internal for}maza.n deposits characteristic of
cells having active fesp:ratory activity (sufficient to reduce
the INT to formazan in the cell) at the time of sa‘mplmg

Separate. ahqupts of each sample were prepared ‘as above -

Nud wainftivisay FETG-Ietgled po vaalem antiseia (i.8., .. .'iphysical, and blologlcal parameters for the various towers

direct fluorescent antibody method or- DFA) to Legionella.
Positive and negative controls were included With each et
of samples. These slides were viewed (using the-epifluores-
cence microscope) to enumerate the aumbers of DFA-

positive c¢lls with morpholegical characteristics consistent, .

with designation as Legionella. The numbérs of DFA-
positive_cells having 4 posuwe INT reaction were also
determined.

It should be noted _tha_t indigenous _populahons of
Legionella were used since inoculating the cooling towers,
with - Legienella was forbidden by .the contract. The
disadvantage of this approach was realized prior to initia-

tion of the work: If phase.l work:showed only low levels, .
of Legionellavin theisystems under consideration, documen; |
tation of bideide kill of Izg:onella (spec:ﬁcally) would be ..

unlikely.

Surface? samples for th& enumeratlon of surfage-
associated ‘~“microorgaisms (SAM), were obtained by
swabbing 4 cm? of:the :interior .wetted surfage ‘of the.
cooling tower.: This was processed into a slurry in sterile
diluting solution and treated as for water samples. ...

Algal components were enumerated by direct nucro-

scopic observatiom-using’ both brightfield and epifluores-
cence (to observe red fluorescence of chlorophyll-conr. .-

taining organisms). Very few .algae were ohserved in. the

samples. Those found :were identified as :blue-green -

bacteria (cyanobacteria) usmg morphologlca.l and -cojor
characteristics. i

Enumeration ofprotomans was attempted using sqveral
methods. Direct microscopic observation, enrichment in
tubes containing samples plus nutrient agar blocks, and,
enrichment on plates inoculated with-bacteria as the food
source were all tried with little success. Protozoans in a.
control sample from a local pond were easily observed by
all thieé methods." 5

Chemical Analyses

Aliquots of each sample were prb\hded to' a water
chemlstry laboratory All samples were ' preserved' and

analyzed for the chemical parameters given in-Table 2, -

accordmg to methods ‘outlined in APHA (1989).

" Methods’ for measuring biocide residuals. were avail-
able only for bromoch]omdlmethylhydantom (BCDMH).
This was measured as freé chlorine residual, immediately
aﬁer samplmg, using the N N-d:ethyl-p-phenylenedtamme

3

=

method (DPD). A list of the biocides used and the treat-
ment levels, as ppm product, is given in Table 4.

P

RESULTS

Phase | Correlatton of Legionella Popuiations
with Cooling Tower Parameters

The phase I effort attempted to correlate the chemical,

to the levels of Legionella in these towers. Table 2 gives
the raw data for all chemical and operational parameters
measured throughout the first eight months of the study.
Table 3 presents the biological data. It should be noted that
10 towers were sampled. This is six more than were to be

. studied in phase II (biocide testing). The other towers were

included in order to broaden the data base and assist in
attempts to find correlations between operauonal param-
eters and Legionella levels, even though it was'known that
 the additional towers would be shut down in the fall and

consequently that only a few samples would be obtamed_l

from these towers.

The ranges for most parameters were quite broad and
therefore gave a data base that should ¥ield reasonable
correlations, if such exist, between Legionella levels and
other chemical or biological parameters. The exception was
pH, wluch ranged only from 8.0 to 8.9. Many other
parameters had. reasonably wide ranges but only ﬂ quite
low absolute values. This was trpe for nitrate, nitrite, ’
ammonia, and iron. A]gae (n up 1o 45) only had ore
positive sample and. protozoans were not recovered (n'=
37). Since there was a reasonable sample size in each casé -
(n.> 27, Iow correlations with these parameters 1nd1cate' :
that their influence on the Legionella populations was
minimal. Statistical analyses were performed using two
statistical packages. Pearson. pairwise correlation coef-
ficients and stepwise regression analysis using Legionella-
DFA (Legionella by DFA method) numbers as the depen-
dent variable all revealed good correlations between total
bacterial,.levels, (FITC) and Leg;onel!a DFA levels (r =

0.770). This was.true for both water and SAM samples
The level ;of .iron in the water correlated positively with
total bactenal levels in the water (r = 0.630). Excellent
correlations were found between t} I,hose chemical paramelers
that are expected to correlate well e.g., calcmm. mag-,
nesium, hardness, ;and alkaluuty (r = 0. 860 thrqugh
0.995). A .pasitive correlation was seen between .nitrite
levels and Legionella-DEA levcls (rgp 0.510; with FITC,
r.+ 0.720). However, as discussed above, the va}pn:s for
nitrite were all quite low and thusthe interrelationship Jmust
be considered with caution, Interestingly, there seemed to
be little effect of temperature on the Legionella-DFA levels
(r = —0.1980). o

When a comparison of surface and water (or plank
tonic) samples was made, the correlations. among the



TABLE 2
Chemical and Operational Parameters: for' Cooling Towers during Phase | Tests

: : “Ortho Total ~ = -

Date {Month ,Site v ‘Label T Temp pH T0S Phosphate | Phosphate | Nitrate | Nitrite | Ammonia cl -~ Ca -

: ] c g mg/L ug/L v/t | mg/t - mg/L mg/L mg/L mg/L
10/16/89 . | 21, 1 CIIE 20 8.8 280 360] - 120 - .0.65| - 0.01 0.01 73 4]
11721789 | 3 1 ClIE 3 T 8.6]- 220 .o, .158] 7oL 1250 =C0:-%2 0.02 0.01 22.5 38|’
12/18/89 | 4 1] CLEE] ., 18 8.9] . 2r0] . 28] — . 1900 1.35] . 0.02] — 0.01 39] - 53|
1/29/90° | | 5 1= cIIE 22 8.4] 1~ 250 265 3120 1.2 0] 0.01 35| - 595.5;]
3/12/90 ! AE (| P 200 8.2 ~290 215 2100 2.39] - o0.01 0.2 67
476790 7] 1 cHE|. %0 8 300 380 '- s
5/11/90 [ . CIIE|. 32 8.1 280| s (i ¢ il il
10/16/89 | _ RE 2l crl 20 8.8] 280 360| ~ - 3370] . 1.1 “0:01 0.01 =46 69
11/21/89] ] R 2 crivl 23]i 8.6 ' 220] ;¢ 155 ; 1250 ., 0.32 -.0,02] ~0.01 22.5 —38
12/18/892 | . AE 2 cImu| ¢ 18] .. 8.9 270] 28]~ 5 1900 . 1.36 " °0:02 .01 39 53
1/29/90 ' 5[ 2 clIu 22 8.4]. 250] ¢ 268] .:: ~3Y20] T, 1.2 o 0.0 35 -59.7
3/12/90 6l 2. clIW 20 8.2 290] 215]  2100] . 2.39] 0.01] 0.2 - - &7
476/90 7 2l cilv 40 8- 300( " 380 ' === SEngAe
5711790 8| 2 CltW 32 8.1 280 . & T I
10/16/89 2| 3 Cogs| 23 8.7 210]  .: 105 120 0.65 ~0.01 0.01 &5 7%
10716/89 2 3|Cogs Sediment n ? i B =
10/16/89 » 2 3|Cogs Scale | 3 : 3 5 ) P,

9722789 1 4| ccl 28] 8.6] ' 290 180 . -, 200 ~— 0.32 0.03 0.01 63.2
10716789 | _ 2 A [ 26] 8.8 . 390] . 280 1890 2.2| — 0.0t - 0.01 7S 126
10716789 2| HE Unian| | 17 8.8 400] 400 465 2.38 0.02 0.01 77.5 1
9y22/85 _ | | 1 35 Wi 27 8.6 260 190~ 200 - t1.24| — . 0.01 0.01 87.8|
10716789 2 6 Wl 14 8.5 300 320 - ., 745|~ __ 0.38 0.08 0.03} 22.5 106
9/22/8% 1 7 Lidl], 26.5| . 8.6] ' 110| 1 105 .0:21] - -~ 0.06 0.03 — 34.3
10/76/89 2 7] Libl] 27 8.6 100 - 8 40~ . 0.23 0.0y - 0.1 --—-22.5] — 51
11/21/89 3| 7l Libl], 28 8.8 270| 21 600 0:2] — 0.01 0.02] — - 40F 52
12/18/89 4| 71 Libt 19 8.4 280| 1 20 | 0.2 0.00] - 0.01] - — 8| 41
9y22/89 - 1 8| Lib2|. 26.5 8.5 180 89 . 200] - 0.26 0.8 o — —|— 4.8
10716/89 2| 8l Lib2 23 8.2 240 420 T%500] © . 1.13 0.5f — —0.0M}- 87.5 96.5
11721/89 3 8 Lib2 16 8.6 220 | 130 20| —— - 0.9f ~  0.3% 7 - - 37 43.5
12/18/89 |1 Al 8. Lik2] 17| 8.4 320 A i 0.9 . 0.4 2.08-— 36 — 21
9/22/89 1 9] JECT 28 8.4] : 40| -, 47| .. - 200] - . 0.67] — —0.05F—  0.01}— . 96.7
10/16/89%~ 2 of JEC1 27 8.7 400 . - 99]: . . 4500] .~ 2.02 0.01 — - .. 77.5]" - 107.5|
11/21/89 31 9 JEC 9 3.8] 230 34).; - 2700] .. 0.5 . 0.08]" 0:23] - 42.5] - 6.5
12718/89 4 9| JECH] 20] 3.9] 150| =0] - 14550 ;. 0.5]- . 0.08 —0:01 8] - 25
1/29/90 5.’ ol JECT 23] 8.4 430 . 48] 2430 2.2 0.05]" 0.02f—— 56 96.7
3/12/90 6 9| JECT 29 8.3 110 - 20] 300 - 0.7] [ 0.031 - - 20
4/6/90 7l 9 JEGH T 5] 8.5 300] - - - = - =

5/11/90 8| 9 JEC1 28] 8.4 150] -, - o =, = ¢

9/22/89 1 10 JEC2 28 8.4 190 =2 271 =10.15 0.04 0.0 ——- - |- 26.5
10/16/89 2| 10 JEC2 27] 8.6 110] 4 140] - * 0.21 - 0.01 ~0.01]  — 22,51— 37|
11/21/89 3 10| JEC2 23| 8.9].; 280| - 1] . 8l - “o0.38] - -0.02f - 6:01] - ‘15f— 26.5
12/18/89 4 10] JEC2 2] .. 8.8 3| © - 28] 10] 0.38[.:. 0.03]. . 0.07] - 48|—- 17
1/29/90 5] 10]  :-dEC2 14 8.7 ,..-.80 5 10 05| . 0.02] .. _0.02 13 21
3/12/90 BE 10 JEC2 18 8.3 100] . 1 20 | 0.6 0.13] . 0.02 22
4/6/90 7 10] 3] i 8.4 75 , T - = -




TABLE 2 (continued)
Chemical and Operational Parameters for Cooling Towers during Phase | Tests

3 3 e Total . Volatile Water Blow-
.+ Date Month °| Ssite Label « « Mg | Fe Klkalipnity | = Hardness ss . Res idue Solids Meter down
- ; mg/L ma/L mg/L ~ . ma/L mg/L mg/L ‘mg/L .. |" gal -1 —hr
10/16/89 4 1 ClIE 11.5 0.61 e 127 .202.2 8| 370 . - - 14 T7649160f ' —
11/21/89 3 1 CIIE - b 0.61 i 1> 119.6 4|~ — 390| 190| 8038806] -
12/18/89 4 39 CIIE Q.6 0.68 .12 171.9 13] - 800] - 360 8174200] ‘- )
1/29/90 5 1 CIIE 10 0. 106] ~ .190.3 4 220| 140], 8412100] -~ 22.75
3/12/90 6 1 CLIE{ T 0.8t - 118 ;i 2| - 600] 280| 8473000 39.4
4/6/90 71 1 CLIE ¥ s, 96 e L0 ~ 70|, 8830900| 52.6
5/11/90 8 > CI1E ~?, = O s = - THal
10/16789 o 2 ClIW 11.5 0.61 126 - 219.7 r{ 430] - 11}, 7749100] -
11/21/89 -3 2 CIIW 6 0.61 5 -119.6 4| y==-390 - 190]. 8038800 - -
12718/89 4 42 ClIV 9.6 0.68 112 -171.9 a 13 800 360 8174200 =
1/29/90 5 2 ciIv 10 0.95 106 190.3|" 4 220 140] 8412100 22.75
3/12/90 6 -2 CHW 0.81 - 118 Ll ) 2 - 600] - 280 - 8673000| 39.4
4 r6/90 =T 2 cIIv 96 il -~ 310 70| 8830900 52.6]
5711790 8 .2 CIIW ¥ 5 i . r : : 77.2
+{10/16/89 2 3 Cogs . 11.5 0.05 . 141 232.1" 7 0 10] - . 46D = - T -
10716789 2 i3|cogs Sediment i . B e — -
10/16/89 .2 "3|Cogs Scale = B Al e E
9/22/89 1 4 . CC 17.2 10.27 192 . 228.6 15 = 1044]: 4160270
10/16/89 2 4 cC - 18] 0.05 © 218 v, 388.7 TR 690 25 556960
10/16/89 2 5 Union 17 0.41 218 347.21 . 54 i .24]-
9/22/89 1 6 Myl 16.4 0.17 246 .. 286.8] - 16 508| = 7184540
"110/16/89° 2 6 Wl 22.5 0.04 218 . 357.3 14 ~-570 1%
9/22/89 511 7 Lid] - 6.8 0.04 B4 113.6 4 92 3396690|
10/16/89 © 2 7 Lib1 6 Q.03 &4 " 152.1f . 18] .. 160 _ 4] 4304350]
11/21/89: 3 i Libl B.5 0.06 98 . 164.8 -3 580| 320 465_1620[
12/18/891 “id O3 7 Libl] 8.4 0.96 42 B 13ﬂ B 6 1380 360 44T73468]
9/22/89 1 8 L Lib2 8.6 0.08 148 i 159'.'8_" ) 2 504 51622801
< 110/16/89 s 8 Lib2 15 1.17 196 . 302.7 16 600 10
11/21/89 3 o | Lib2 y 047 102 139.5 2 500 330 7188367
12/18/89 L3 '8 Lib2 3.6 0.07 08 67.3 8] - 520 “TC240] 7188100 =
9/22/89 R 5: 9 JEGA 14.6 0.07 172 Jo1.6 8| . 592 53785 ==s
10/16/89" 2 (9 JEC 17.5 0.05 198 340.5 N i 160 . 6] 3419060
11/21/89° .3 i 9 JEET 10 0.08 134 197.2 (1]} 500 . 140] 3465445
i 12718789 B 9 _ JEGT 4.8 0.08 66 82.2],. 31 360 240] 3472870
11729790 5 19 i JECI 15.8 9.1 95 306.5| 0 9 350 240 3532159 10.75|
3/12/90 6 9 .. JECY ' 0.04 6 2 - 220 120] 3639281 72.8
4/6/90 -7 9 JEC1 ) B4 370 110 3965149 856.7
5/11/90 - 2 8 .9 JEC1 : T x 3789690 110.2
9/22/89 't 10 -JEC2 5 0.04 60 85.8] .. 2.5 188 627264
*1]10/16/89 2 10 JEC2 ] 0.01 -, 60| 115 560 10| .. 10]  5291110] —
11/21/89 '3 10 JEC2 4 0.03 &l 1 onis T0R2.6 -0f - 340] 190 5454568 I
12/18/89 4 10| JEC2 L 0.07 42 57.3 1 560 480 5471055 o 2l
1/29/90 5 10 JEC2 3.4 0.11 40| 66.4 2 60 _ . 60| 5505768 1.7
3/12/90 ¢ 6 10 JEC2 0.03 42 4 260| | "~ 20] 5560476 3.6
4/6/90 7 10 JEC2| .. : BT A 150] - - 30| 5604106 7.1



TABLE 3
. Biological Parameters for Cooling Towers during Phase | Tests

'3 ; { WATER | SAMPLES — --
Date Month Site Label APB Sr8| Plate Count| Pseudogelf!” - FITC LDB/FA INT Algae| Protozos

: - per ml per mt| "~ per mi]| . per ml ! per ml| - per ml per ml per ml per ml
10/16/89 2] | 1 CIIE| «;1.0E+02], 1.0E+01] "~ 1.1E+04| 77! 1.8E+0Q3 1.96+06 1.36+05 0] 0
11721789 3 1 CIE 1.0e+02] ~ 1.0E+01] ' ~ 4.BE+03 - & 3E+02f 3.26+04] 3.0E+04) ‘— ~ 0 0
12/18/89 4 -, 1. CIIE 1.0E+03 1.0E+02 9.3E403] - 2.0E+00] -- 1.5E+02 0 -0
1/29/90 | NS 1 ClI1E 1.0E+02 1.0E+01 5.0E+03 0.0E+00] 2.5E+03 0 -0
3/12/90 6 1 “ClIE|] ~ 1.0e+D1| .0.0E+00], 1.1E405 2.0E#00) - 1.0E+02 = 0 0
4/6/90 7 1 CIIE 1.0E+02] 0.0E+00[ . 1.3E+05 0.0E+00) 2.5E+02} 1 -0} - 0]
5/11/90 8] - 1] - Cllg| ; 1.0E+02|-., 0.0E+00 6.3E+04 1.0E+01 - = 0 0
10/16/89 « 2 2 ClIW 1.0e+02] :!0.0E+00 T 2.1E+04 2.4E+01 2.4E+06|  4.BE+04): - 0 0
11721/89.. 3 2 ClIW 1.0E+02 1.0E+01f . — %.BE+D3 %.3E¥02]  3.2E+D4|  3.0E+04] 0 0
12/18/89 4] 2 ClIW 1.0E+03 1.0E+02} 9.36+03 2.0E+00 s nf 1.5E+D2 0] - 0
1/29/900 -~ | 5 2 CIIW 1.0E+02 1.0E+01 5.0E+03 0.0E+00 T 2.5E+03 = 0 =)
3/12/90" : 6 2 ClIW 1.0£+01 0.0€+00 1.7E+05{ = Z.0E+00 ~ 1.0E+02 g T == -0
4L7E/90 4 ) 2 ClIV 1.0E+02 0.0E+00] 1.3E+05 0.0E+00]. 2.5E+02 = = 0 0
5/11/90 8] ! 2 cliv| | 1.0E+02}  0.0E+00 &.36+04] ' 1.0E+D1] To- 0 T 0 0
10/16/89 2 3 Cogs| _. 1.0E+02]. . 1.0E+01 1.0E+04 7.0E+00] 1.6E+08) " 4.0E+04 [1]] 0
10/16/89 2] - 3|Cogs Sediment T = Fivse B = 0 0
10/16/89 2] . 3|Cogs Scale] -. . ¢ ; ros s 7 . 0 0
9/22/89 : 10 4 CCl.:- 1.0E+02] 1.0E+02|..: 4.2E+03 4.2E+03] 4.2E+03 4.2E+03| 4.20E+03| ~—— 0 0
10/16/89- | ¢ 2 & cC| /+ 1.0E+02| ., 0.0E+00 1.0E+04 6.0E+02] 9.6E+05] ~2.0E+04 0 [1]]
10/16/89+ 2 5/t Union| . 1.0E+02 0.0E+00] .| 9.2€+03 5.4E402 1.3E+06 1.66+04 %I -0
9/22/89 1 6] Wvl] i 1.0E+03] . 1.0E+05| 3.3E+02 2.2E+01f  3.5E+05 1.0E+03] 1.00E+01 = 0
10/16/89 2 & Wviloo 1.0E+02 0.0E+00 5.0E+04 1.0E+02 .6E+06] ~8B.0E+03 e ]| 0
$722/69 -~ 1 r:| Lidl| 1.0E+02] @ 1.0E+01 1.36+04 1.3E+01| 5.0E+04| — 4.0E+03 = T ||
10/16/89 2 7 Libi]. 1.0E+01] . 0.06+00] = 1.4E+03 6.36401]  B.0E+05| &4.0E+04 )] 0|
11/21/89 3 7 Lib1] _ 1.0E+D1| - 0.0€+00] . 2.4E+03 2.5E+01| 2.6E+04| 3.6E+03 0 8|
12/18/89 A 7 Lib1] 0.0e+00]  0.0E+00| 8.0E+01 0.0E+00| . ] T 106402 0 0
9/22/89 1 8. Lib2 1.0E+02 1.0E+02 1.0E+06 1.1E+01 1.4E+06 JBE+04] 1.00E+01 == 0
10/16/89 2 8] Lib2| . 1.0E+02 0.0E+00 5.3E+04 2.2E+03]| 9.8E+06 1.2E+05 Sk 0} 0
11/21/89 3| 8 Lib2]. . 1.0E+01| . 1.0E+01 8.8E+03] 7.0E#D1] 4.8E+04 4 .6E+04 o2 0
12/18/89 4] 8| Lib2j-: 1.0E+02 1.0E+01 1.0E+04 2.0E+01 7 - 0 0
9/22/89 1 9 JEC1 1.0E+03 1.0E+03 6.2E+03 1.0E+00§ 5.9€+05] "~ 1.0E+03] 1.00E+01j" ~ 0.1 -0
10/16/89 .. 2 9 JEC1{ ., 1.0E+01 0.0E+00] . . 1.1E+04 1.0E+00] 1.3E+06 2.4E+04] ‘_a - 0
11721789 3 9 JEC1| | 1.0E+02 1.0E+02 8.3E+02 1.0E+01| “2.6E+04] S5.9E¥04| "~ =—===i}) 0
12/187/897 - 4 9 JECA{ ' 1.DE+02 1.0€+01] 5.4E+03 0.0E+00| ) 3.0E+D! e ~ 0 0

1/29/90 - 5 9] . JEC1 0.0E+00| ; 0.0E+00 3.264#04| | 0.0E+D0] ~ 1.0E+02 ~ Y = —
3712/90: 6 9 JEC1|. . 1.0E+02 0.0E+00 2.5E+03 " 0.0E+00) - 1.3E+03 -~ OF 5‘
4/6/90 7 9 JEC1). . 1.0E+02 1.0E+02 1.3E+04 ~ 0.0E+00 2.2E+04 0 [i]|
5/11/90 8 9. : JECA| @ 1.0E+01 1.0E+01 7.7E+04] : "0.0EX00 e = 0]
9722/89 1 10] JEC2| | 1.0E+01 1.0E+04 1.2E403 2.0E#00] 9.6E+05] 1.0E+03| 2.30E+01 o 0 [i]|
10/16/89 2 10 JEC2 1.0E+03 0.0E+00] 1.6E+03 3.0E+03 1.6E+06 2.0E#06] = - ~ 0j— 0
11/21/89... 3 10| JEC2 1.0E+01 1.0E+01) .~ 1.2E+04 1.0E+01 it —4 .BE+03 = 0 0
12/18/89 4] . 10} : JEC2 1.0E+01 1.0E+01] 5.6E+03| ' = 0.0E+00 - 5.0E+01 0 0
1/29/90 w. 5] . 10} ¢ JEC2| . 1.0E+01]  0.0E+00 1.5E+04] * 0.0E+00 0.0E+00 0 0
3/12/90 6] : 10 JEC2| . 1.0E+05 1.0E+02 5.7E+05 0.0E+00| |- 5.0E+01] Bt | 0
476/90 7 10 JEG2| . 1.0E+03|  1.0E+03 2.0exD3].  0.0e+00] — | -1.0E+02 =l 0 0

o



TABLE 3 (continued)

Biological Parameters for Cooling Towers during Phase | Tests

5 - SURFACE. _ SAMPLES -
Date Month Site: ! Label APB SRB|Plate Count |Pseydocel “ FITC| ° "LBD/FA} INT Algae| Protozoa
per cm2 per cm2 per cme |per cmd per cm2| ‘per cm2| -per cm2 per cm2 per cm2
"|10/16/89 | 2 1 CIIE 1.0E+05 1.0E+04) T 1.86+04)  2.5E+01 1.9E+07| - 2.2E+05 = 0 0]
11/21/89 3 1 CIIE = 0] -- 0
12/18/89 4 1 CIIE| 1.25*03 1.0E+02 &4 4E+04 0.0E+00}, 1 1.5e+02 SR | 0
1/29/90 5 1 CLFE| . 1.0E+03| . 1.0E+03 o 0..0E+00} 5.5E+02 -t 1] 0
3/12/90 6 1 CILE| : . = 0 - 0
4f6/90 i 1 CINE| - 1.0E+06] :1.0E+02 7.3e+05| U.0E+0D 55 3.0E+02} - 0 0]
5/11/90 8 1 CIIE i e | Q = 0|
10/16/89 ¢ 2 2 CTEW|  1.0E+04 1.0E+03 - 1.4E+04 1.0E+01 1.36+07 4 . DE+04 Tkl 1| Sl b
11/21/89, 3 2 CIIV : T = i . e 0 0
12/18/89' vod 2 ClIW 1.0E+04 1.0E+04 1.4E+B4 0.0E+00 - 5.0E+01}° 0] 0
1/29/90 . 5 2 CIIW 1.0E+03 1.0E+03 1.5e+04 0.0E+00} = ~d.6E+03 —0f 0|
‘13712790 %6 2 CLIW ' '; 1 0 [1]|
4/6/90 7 - ~ CIIW| + 1.0E+03 1.0E+03 ‘9.3E+04 0.0E+00 i 3.5E+02 0 0
5/11/90 8 2 - ECl1IW W TR Tt og s ~0f- 0
- |10216/89 2 3r Cogs 1.0E+04 0.0E+00 7.3403]" 1.0E+01| ~ 2.7TE*+06| " 3.3E+04 % | 0
10/16/89 2 3|Cogs Sedim 1.0E+05 1.0E+05 1.0E+05 N 1.6E+07 2.4E+06 0 0
10/16/89 2 3|Cogs Scale| 1:0E+05 1.0E+05 2.0E+04] " 1.0E+01] ~ 6.7E+06] ~~1.5E+0S 0 0
9/22/89 1 4 ir jCC 0.0E+00 ¥ « 1.2E+05 1.0E+00 4.26+06] - J.3E+NS ] 1]
10/16/89; 2 4 cC 1.0E+03| . -0.0E+00 ; 5.2E+03 1.0E+01 9.6E+05| ~ 2:0E+04 of -—— o]
[10/16/89: ‘2 =& Unibn - ‘ : T . : == —0 — 9|
9/22/89 it 6 Wl . 1 AT “3.3E403 0.0E+00] 2.3E+06| - 2.7E+04] | 0
10716/89 ‘12 B3 Wyl 1.0E+02] 0.0E+DD 1.8E+04 1. 0E+01] 2. 1E+06 1.5E+05 of 0
9/22/89 "1 7 Lidl] « 1.0E+02] ~ 1.0E+03| 2.5E+04 1-DEF00 2.7E+06 A-.3E+05 il ;. =<1y
10/16/89 2 'q Lib1| - 1.06+02]  1.0E+D2 6.76+04] 4.7E+03] 3.3£+07] B.7E+05 0 C
11/21/89 + 3 7 s Libl 0.0E+00 0.0E+00 1.2E+05 1.0E+02 1.4E305 8.0E+03 2 0 0
1412718789 L & 8K Liby 0.0E+00 0.0E+D0 T.6E+04] TO0.0E+00f =~ =~ ~ 1.5E+02 0 0
9722/89 1 8 Lib2| : - 0.0E+00 0.0E+00f - f.DEi'OZ - 0.0E+00| 3.2E+405 7.2E+03 0 0
10/16/89 .2 8 Lib2 1.0E+02 1.0E+02 - 2.4E+04 1.0E+01 6.7E+07|  2.7E+06 0 0
11/21/89 3 '8 Lib2 1.0E+02 1.0€+02 Y.4E+04) T T1.0E+02 2.0E+05 T.2E+04 Q 0]
12/18/89 : & 8 Lib2| - 1.0E+02 0.0&8+00 2.0E+04 0.0E+00 H I -0 [1]]
9/22/89 1 9 JEC1 _ Wiy ' el 0 |
10/16/89 2 9 JECT[ 0.0E+00]  0.0E+00 B8.4E+02| -1.0E+01| 1.3E+07] 6.0E¥05| 0 |
11/21/89 3 9 JECT 1.0E+02 1.0E+02 1.7E403 1.0E+02 6.0E+04 2. LE+04 0 0
12/.18/89 ) 9 JEC1 1.0E+03| .. 1.0E+02 5.4E+04 ‘0. 0E+00 ) T .6:0E+D2 0 0
11729790 5 i 9 JECT 1.0E+02] 1.0E+02 : » 3.8E+05 0.0E+00 0.0E+00}— 0 0
3/12/90- L6 9 JEC1]  1.0E+03]  1.0E+02 1.0E+05] 0.0E+00 - 6.3E+03] - -0 0
4/6/90 7 9 JEC1| 1.08+402 0.0E+00 6.2E+04 0.0E+00 1.2E+04 0 0
5/11/90° . 8] 9 JEC1 ¥ o e =
19122789, = '10 JEC2 1.1E+04 0.0E+00 1.9€+05 7.26+03
110716/89 i & 10 JEC2 1.0E+02 1.0E+02 . 2.5E+03| 3.2E+03]- 9.3e+11 3.0E+05 =
11/21/89 I 10 JEC2|; T.0E+02 1.0E+02 1.0E+02| - 1.0E+02 & . BE+04 -
12/18/89 ; 4 10 JEC2| ' -1.0E+04 1.0E+04 1.0E+04 0.0E+00 5.0E+01
1729/90 5] 10 JEC2 1.0E304 1.0E+03] - 1.0E+04 0,0E+0D 0.0E+00
: 3/12/90 . & 10 JEC2 1.0E+03 1.0E+02 1.0e+03 “0.0E+00}" a,0E+03
4/6/90 7 10 JEC2 1.0E+05| , 1.0E+0% 1.0E+05 0.0E+00 - 9.0E+03




TABLE 4
Biocides Tested in Phase Il

Concentration
of Product

(ppm)
Disodium cyanodithicimidocarbonate
+ potassium N-methyldithiocarbamate 35-454
Polymeric quaternary amine 80
Isothiazolin 150
Glutaraldehyde 150
Bromochlorodimethylhydantoin 0.1-10

various measured populations (FITC total count, plate
count, pseudomonads) were generally low (r < 0.4). The

surface and waterborne populations of Legtogella by DFA ~

showed a reasonably good correlation (r = 0.798). There
was no clear trend regarding the size of the surface and
planktonic populations. For example, surface-associated
and planktonic Legionella-DFA values were doriinant an
equal amount of the time.

One nnponant conclusion from the study was that each

tower is &ssentlally unique. This is even true for the two™
pairs of towers that were included in this study. It should

also be remembered that all of the towers in this study had
been using the same water source and chemical treatments
for at least the last 10 years. The consequence of this is
that ‘‘lumping’’ the data from all the towers together,

although useful in trying to find general correlations

between Legionella and other parameters, can obscure the
relationships seen when individual towers are thoroughly
examined and tested over fairly long time periods (weeks
to months). Examples of this are shown in Figures 1 and

2. As can be seen in Figure 1, the JEC 1 tower, which -

operates all year, had fairly constant levels of viable (plate
count) bacteria throughout the eight months, including the
winter. The levels of Legionella-DFA in this tower de-
creased in the colder months and the level of iron was
fairly constant at 0.1 ppm. Figure 2 demonstrates that a
tower that operates all year, but in which the fans are not
operated during cooler months and there are high levels of
cyanobacteria (blue-green bacteria) only in the warmer
months, had a quite different picture. The levels of plate-

count (viable) bacteria were fairly constant throughout the

first five months and then increased in the spring, whereas
the Legionella-DFA lagged be.hmd this increase in total
viable cells. This is probably due to the fact that this was
the only tower having significant growth of blue-green

bacteria. The organisms in these towers. grow, pringipally.,

in the form of ‘‘mats’’ :on-the sides. of-the tower. Only

when the weather gets warm enough for the fans to be .

operated do the blue-green bacteria grow-well. As the
authors and colleagues have demonstrated (Tison et al.
1980), cyanobacteria often support the growth of Legionel-

1

la. Therefore, the summer increase in Legionella in this
tower (the tail end of which was seen in September and
October) is probably related, to the-accumulation of blue-
green bacteria and not to' the total viable bacteria counts. It
should also be noted that the levels of iron in this tower are
essentially constant but are almost 10 times'the concentra-
tion seen in the tower shown in Figure 1..In splte of this,
the levels of Legionella-DF A are sm‘ular in the two towers.

Other than the significant accurniilation of cyanobac-

 teria in the CII tower, algae were agtually detected only

one other time in the JEC tower. It must’be remembered
that these towers were on chemical biocide freatments and
receiving city make-up water (treated wuh chlorine)
throughout this test period.

Attempts to culture viable Legioneila met with little
success, desplte the fact that positive controls behaved as

“predicted.” One set of samples was collected according to

specifications provided by a laboratory and split, with one

" portion of the sample sent to the laboratory for analysis and

the other being analyzed according to the methods normally
employed'by the university’s team. The same lot number
of environmental BCYE agar was used by both labora-

" “tories. The university’s tests gave no culturable Legionella, -

while the laboratory recovered :30 Legionella per mL from
the CC-‘towet; 1-isolate from a JEC tower, and 2 Legionel-
la isolates each from the CII and MRC towers. The
Legionella belonged to four different serogroups (1, 4, 6,
and CDC #SH2156), and each tower had only one type of
Legionella. Possible explanations for these results are that
the laboratory’s personnel are better at recovering Legion-
ella than the university’s personnel; or the differences
arose from the fact that the university's personnel pro-
cessed samples within 1 hour of collection while the
laboratory’s personnel processed samples up to 48 hours
after sample collection (according to their normal proce-
dures). The low recovery rates for culfurable Legionella
presented a problem in the sense that it was not possible to
perform classic *‘kill curves’* for Legionella using viable
Legionella counts. (It should be pointed-put; however, that
contract guidelines would have made such tests impossible,
since towers having numbers of Legionella-high enough for
kill tests would exceed the number-at which the towers
must be immediately treated.) Accordingly, kill tests done

- in phase I of this study relied on. total ¥iable microbial

numbers to determine the potential of biocides to control
microorganisms. Use of microscopic counts to determine
kill kinetics is possible, as will be seen, only after long-
term tfeatment, With continued measurements of viable
bacteria, total microbial cells, and Legionella-DF A counts.
This is due to the fact that incoming make-Up water is VeFy -
low in Legtone!fa and other bacteria. Therefore, if a
biocide is capable of mnlmllmg microbés in the tower, the
level of total cells pfesen! (Iwmg and dead) will, in the
absence of growth in the tower and'significant scrubbing of
bacteria from the air, approach the level of bacterial cells
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in the make-up water. Consideration must be given to the
cycles of concentration for the tower in question. Failure

to at least approach these make-up concentrations of

bacteria may indicate that the biocide is not controlling
microbial growth in the tower.

Phase ll—Tests of Biocide Efficacy

A list of the biocides and dosages used is shown in

Table 4. All tests were started by turning off the blow-
down, taking a zero time sample, dosing with biocide, and
restarting the tower. The blowdown was left off for two
hours and restarted after the two-hour sampling. Additional
samples were generally taken at 6, 24, 48,.and 72 hours
after the addition of biocide. In a few cases, samples could
not be obtained due to tower malfunction. -Make-up water
(Troy, New York, city water) was sampled at 0, 24, 48,
and 72 hours. The results for isothiazolin will be used to
illustrate several points.

The results for the other biocides will be.given in an
abbreviated form. The data in F:gure 3a show the results
for isothiazolin treatment in the four test towers. It is
obvious that wable bacteria decfmed over a 24- to' 48-hour
period and then began to rise to pretreatment levels. Make-
up water levels were consistently Very low; indicating that
most of the viable bacteria in the tower came from air
washing and/or growth in the tower. Figure 3b gives the
data for total microscopic counts (i.e., total microscopic
count = live + dead + culturable + nonculturable
bacterial cells). It is clear that these results do not follow
those for the viable counts. (The drop in the MRC system
was due to a blowdown valve stuck in the open position,
make-up water levels for a short period.) The reason for
the difference in viable and total counts is explained by the
fact that the viable counts represent only that portion of the
total counts that was culturable with the methods used at
the time of sampling. The total population not only takes
into account the contribution of bacteria made by the water
but also will include the scrubbing of bacteria from the air
passing through the tower. A similar explanation applies to

the Legionella-DFA results shown in Figure 3c. Note'that

the MRC tower was again in the washout mode. Fi 1gure 3d

shows the results for Pseudomonas spp. While the data are’-

relatively uniform for most of the towers, a spike in CII at

72 hours may have occurred. Sinice blooms of Pseudds:.

monas would create safety, slime accumulation, and
corrosion concerns, it is important to avoid treatments that
kill the “normal ‘flora” in the towers while allowing
pseudomonads to bloom. ‘ )

Figure 4 shows the viable count data for the cyanocar
bonate/carbamate biocide, which has been used in the
towers for the last 10 or more years. It is obvious that it
has little effect on the viable counts.

The data in Figure § are for a polymeric quaternary
amine biocide treatment. It appears generally ineffective in
CC and CII towers. The MRC tower was on continuous

VO

blowdown due to a stuck valve. After treatment, the viable
bacteria in the JEC tower appeared to decline for the
duratiori ‘of the sampling peridd. This may have been
partially ‘due to operational problems with the tower, but
the drop in this tower, relative to thgcother test towers,
remains unexplained. In general, however, the data suggest
that the polymeric quaternary amine did not work very well

. at the dose levels employed:

+. Figure 6 shows the data for glutaraidehyde The viable
bacteria levels fell off in most towers'oVer a 6- to 24-hour
period. with rap;d recovery and return to pretreatment
levels in 24 to 72 hours. Viable bacteria in the MRC tower
did pot return to pretreatment fevels due to the faulty
control device being in the continuous blowdown mode
between 24 and 48 hours.

—The -data--for the bromochlorodimethylhydantoin
(BCDN{H) test in the CII tower are presented in Figure 7.
The biocide residuals are also plotted. It is clear that once
the biocide residual rose above about 0.2 ppm free chlo-
rine, the,levels of total viable microorganisms rapidly
decreased. As the concentration of biocide dropped, the
total population rapidly recovered. The MRC tower was
aléo tested; with similar results (data'not shown). It‘skould
be noted that these towers were chosen for BCDMH testing
sin¢e they' have sumps that allowed buckets containing
biocide tablets to be placed in the tower system. It is
believed that the good kill over relatively long time periods
was due to-maintenance of biocide residuals in the tower
over these-same periods. The fact that levels of viable
bacteria rapidly recovered as biocide decreased supports
this view, ;

CONCLUSIONS

The results of the phase I testing to determine cor-
relations between Legionella-DFA levels and other param-
eters can_be summarized as follows:

1. Good correlation was found between Legionella-DFA

levels and total-population count, which was performed
by the FITC method.

2. Aqueous iron levels correlated well with the total
population count as determined by FITC.

3. Nitrite correlated wall with the surface Legionella-
DFA values, but the level of correlation was less with
the planktonic Legionella-DF A populations.

4. As expected, water quality parameters. such.as' cal-

cium, magnesiumi, hardnéss, and -dlkalinity showed a
high degree of correlation.

5. There was little relationship between Legionella-DFA
levels and temperature.

6. Other parameters tested in the survey gave poor
correlations and their effect on the levels of total
viable microorganisms and the level of Legionella-
DFA may be minimal at these sites.
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Figure 3b - Effect of wo:h:azohn rrea:mem on total microgcopic count. It .rhoptd be nored that this procedure measures live
. + dead .+ cylturable + nonculturable microorganisms. The decrease in the MRC tower is due in part to'a
malfunctioning Mowdowl valve. Note that, in general rhe levels of toial bacteria do not r.'hange very much

through the study. , .
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Figure 3¢ Eﬁ‘ec.r of isothiazolin treatment on Legionella-DFA, that is, the level of cells, whether live or dead, reacting
-Specifiaally with fluorescent.antibodies to Legionella sp.. See ‘‘Materials and Methods'” section Jor details of

Figure 3d

- analytical procedures.
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Effect of isothiazolin treatment on Pseudomonas populations. Note that the levels of pseudomonads spiked in

one tower at two points after.treatment.
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Figure 4  Effect of cyanocarbonate/carbamate treatment on viable bacterial populations in the test towers.»Note that there
was little negative effect. The other parameters, as were shown for isothiazolin, showed essentially no change

during the test. Biocide was added immediately after collecting the t = 0 samples.
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Figure 5  Effect of polymeric quat treatment on viable bacterial populations in the test towers. This'biocide was generally
not efffective at the dosage used. Note that the MRC tower was on continuous blowdown during most of this test.
Biocide was added immediately after collecting the t = 0 samples.
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Figure 6 E:ﬁ"ea of glutaraldehyde tredtment on viable bacterial populauons in rhe test rower.y Biocide was " added
immediately after colkamg*m«!st = 0 samples. w8
2 s A A ' s
-1 .'j X

VIABLE BACTERIA/ML FREE CHLORINE (PPM) -

o Voe ' 17

.y

1.0E*07

'11:_.05»'05 o I
"1.6E+o_5 '
1.0E+04
1.0E+03

1.0E502

1.0E+0 1 £

. .% -+ ——CHVIABLE -=+-Gil CL2

s

gt (I Lid O 4 Bes 1 1 ot

Figure 7 Effect of brorﬁoghIbfbdfﬁ’tefhylhydanléfh treatment on viable bacterial populations in the CII test tower. Note
- that the levels of viable bacteria decreased rapidly as the free residual biocide increased and then rapidly
pi mcrea.re.r ‘as the bwade res:duai d:mimshed Biocide was added immediately after collecting the t = 0 samples.



The results of the phase II testing to determine the
efficacy of commercially available biocides to control

microbial populations, including Legionella, can be sum-

marized as follows:

1. The data suggest that several commercially available
biocides are capable of killing microorganisms in
cooling systems. In many cases, however, the kill is
very short lived and regrowth results in a tower
operating a large percentage of the time with high
microbial populations.

2. Use of these biocides at large doses and on a very
frequent basis could, undoubtedly, control the microor-
ganisms, but the economics of such treatment may
often be unfavorable.

It is possible that continuous treatment of towers with
biocides that are effective at low levels is a viable treatment
option. This agrees with the findings of one of the authors
in a previous study (Pope et al. 1984) in which treatment
with ozone was effective as long as the treatment was
continuously applied. The economics of the continuous
treatment approach are not yet clear and would certainly
depend in part on the biocide used and the conditions of the
particular tower. In the case of the BCDMH used in the
present study, economic analysis is not yet possible, since
the minimum long-term dose levels required for control has
not been established. If low (< 1.0 ppm) free chlorine
residuals with the use of BCDMH are demonstrated to be
effective, then there is a good possibility of economical,
effective, and reliable continuous treatment.- However; the
uniqueness of each site must be considered when develop-
ing any treatment regime.
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