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Legionnaires’ Disease

A pneumonia illness caused by 
the bacterium L. pneumophila. 

The incubation period is long, 
from a few days to 2 weeks, 
before the onset of lung 
infection. 

Legionnaires’ symptoms include 
diarrhea, abdominal pain, 
headaches, fever, malaise, 
disorientation and pneumonia. 

Treatment often includes 
hospitalization and antibiotic 
therapy. 
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Pontiac Fever

A flu-like illness caused by L. 
pneumophila. 

The incubation period is short, 
from a few hours to 2 days, w/the 
onset of fever and muscle aches. 

Pontiac fever symptoms do not 
include pneumonia and generally 
recover in 2-5 days w/o treatment. 

Pontiac fever is named because of 
a 1968 building-related outbreak 
(1000>sick) in Pontiac, Michigan
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Legionella Infections

Outbreaks of legionellosis have occurred after persons 
have breathed aerosols that come from a water 
source (e.g., Cooling towers, spas, showers, lakes). 

Persons may be exposed to these mists in homes, 
workplaces, hospitals, or public places. 

Legionellosis is not passed from person to person, 

Legionella is often found to be the cause of  
nosocomial or hospital acquired infections. 
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Legionellosis Prevention

Improved design and maintenance of cooling towers 
and other water distribution systems limit the 
growth and spread of Legionella organisms.

During outbreaks, Center for Disease Control medical 
investigators identify the source of Legionella sp.
and recommend appropriate prevention and control 
measures, e.g. disinfection & cleaning. 

According to the US Center for Disease Control, there 
were over 3000 Legionella infections in the US last 
year.
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SRS Controls of Legionella Monitoring

The SRNL Environmental Biotechnology Section has been 
sampling, analyzing, and issues reports on cooling tower 
water Legionella on a monthly and quarterly basis since 1983.

4Q Industrial Hygiene Manual, 4Q-1203, 1 – G Cooling Tower 
Operation and the SRNL Legionella Sampling Program, 
“Participation in the SRNL Legionella Sampling Program is 
MANDATORY for all operating cooling towers”

The SRS Institutional Biosafety Committee (IH, Medical, & EBS) 
must be contacted when towers are no longer operational, but 
water is still present in tower, to determine if the tower can be 
removed from the Legionella Monitoring Program
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Legionella Cells  labeled w/Immunofluorescence
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STOPLIGHT CHARTS

Stoplight Charts were implemented in 2004 as a means 
of monitoring Legionella activity in individual towers.

Concentration guidelines based on literature reviews

Stoplight charts are updated monthly or quarterly 
depending on the tower water status.

Stoplight charts are available on request



10

Key for Legionella sp. Stoplight Charts

Green = 104 - 105 Legionella cells/L

Yellow = 106 Legionella cells/L 

Red = 107 or more Legionella cells/L

TNTC = that counts are Too Numerous To 
Count  & are > 108 Legionella cells/L

Legionella cells / liter of water

E+04 E+05 E+06 E+07 E+08
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Stoplight Data Reporting 

SRS cooling tower water data 
that includes both 
information from stoplight 
charts and total Legionella
concentrations

It gives a “snapshot” of the 
tower over the last 12 
months
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SRS Cooling Towers  2004-2009 Summary
2008- 39.3% of towers were elevated above trigger level at 

least once during the year a  10% increase over 2007.

2009- 70.4% of towers were elevated above trigger level at 
least once during the year a  31.1% increase over 2008.

SRS Legionella Cooling Tower Water Trends
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Risk Factors for Legionnaires Disease

Hospitalization

Increased age

Smoking

Heavy drinking

Immunocompromised 
(AIDS, Antibiotic or 
Chemotherapy)

Steroid therapy

Antibiotics

Renal or other chronic 
disease

Somewhat more likely to 
be male

Proximity and duration of 
exposure to potential 
Legionella source
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Factors Contributing to Legionella Increases

dust (e.g. due to construction ) 
pollen
increased water temperatures
lack of biocide 
bad water quality/ maintenance 
biofilm buildup (right)
stagnant water
high organics 
poor circulation 
scale build-up

Hanging Mucoid Biofilm
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Biofilm and Foaming in Cooling Towers
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Objective of Statistical Analysis of SRS Legionella Data 

Perform a statistical analysis of data available for SRS 
cooling towers to identify significant variables 
which could be used to further reduce Legionella 
pneumophila concentrations in cooling tower 
water.

Utilize information to help minimize SRS workers 
exposure to Legionella pneumophila around  
cooling tower water.
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Legionella Monitoring Data Available

Cooling towers
30 on site
Not all appropriate

Time frame
From 2003 to current 

Water Chemistry
Seven variables

Legionella data
Five serogoup’s and total
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Cooling Tower Water Chemistry Data

pH

Conductivity

Temperature

Dissolved Oxygen

Chlorine

Bromine

Filters (lab test-indicates water turbidity—suspended solids)
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Statistical Analysis (1)

Factors (measured parameters)

Squared Factors

Interactions

= Thirty-Five Variables
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Statistical Analysis (2)

Regression Analysis: Total versus pH, pH2

The regression equation is
Total = 55855 - 12776 pH + 731 pH2

Predictor    Coef  SE Coef      T      P
Constant    55855    14998   3.72  0.001
pH            -12776     3475    -3.68  0.001
pH2 730.7    201.2     3.63  0.001

S = 191.487   R-Sq = 31.2%   

R-Sq(adj) = 27.3%

Analysis of Variance

Source             DF       SS              MS       F      P
Regression       2   582618     291309   7.94  0.001
Residual Error  35  1283357   36667
Total                  37  1865976

Source  DF  Seq SS
pH       1   98826
pH2 1  483792

Unusual Observations

Obs  pH   Total    Fit  SE Fit  Residual  St Resid
4  9.29     694.0    231.4    95.0     462.6      2.78RX

13  7.89  1223.0   542.3   120.6     680.7      4.58RX
14  7.88    19.0     554.8   123.4    -535.8     -3.66RX
22  9.30     1.0      239.4    97.5     -238.4     -1.45 X

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large influence.
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Statistical Analysis (3)

Step-Wise Regression

Iterative-Variables are added on @ a time until a 
satisfactory fit is achieved 

Chooses important (Statistically significant) 
variables

May choose no variables if none found 
significant
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Statistical Analysis (4)

Stepwise Regression: Sero2 versus Filters, 
TEMP., ... 

Alpha-to-Enter: 0.15  Alpha-to-Remove: 
0.15

Response is Sero2 on 35 predictors, with N 
= 25

N(cases with missing observations) = 13 
N(all cases) = 38

No variables entered or removed

Stepwise Regression: Sero1 versus Filters, 
TEMP., ... 

Alpha-to-Enter: 0.15  Alpha-to-Remove: 0.15

Response is Sero1 on 35 predictors, with N = 25
N(cases with missing observations) = 13 N(all cases) = 38

Step           1      2
Constant    1573 24019

pH            -179  -5435
T-Value    -2.63  -2.58
P-Value    0.015 0.017

pH2 307
T-Value          2.50
P-Value          0.020

S                     108  97.3
R-Sq               23.09 40.12
R-Sq(adj)  19.75  34.67
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Evaluations: Serogroup 2 for all 14 Cooling Towers
Sero 2 by Cooling Tower
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Evaluations: All Serogroups for a Cooling Tower

Cooling Tower 285-11F All Sero's
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Evaluations: R2 for all Factors by Sero

By Factor

11Bromine

11Chlorine

1242222pH

712211Conductivity

51211
Dissolved 
Oxygen

5212Temperature

73211Filters

21215472R2>70

Total

Sero6

Sreo4

Sreo3

Sero2

Sero1

Total
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Frequency of Significance by Serogroup (Individual Factors)

22531166Br Interactions
18515223Cl Interactions
20335360pH Interactions
4053105161Cond Interactions
23334265DO Interactions
30554178T Interactions
33449097F Interactions
321Br2

7211111Cl2
1214133pH2

721121Co2

52111DO2

1825461T2

14133331F2
11Bromine
11Chlorine

1242222pH
712211Conductivity
51211Dissolved Oxygen
5212Temperature
73211Filters
12202251R2>90
21215472R2>70
32456593R2>50
6871214101312Significant Adj R2

Sum

Sero6

Sreo4

Sreo3

Sero2

Sero1

Total
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Significant Factors

pH (higher pH, lower Legionella)

Filters (higher filters, higher Legionella)

Temperature (higher, higher Legionella)

Conductivity (higher, higher Legionella)



28

Conclusions

Complex set of interactions controls Legionella concentrations
Different findings for each cooling tower
Significant Factors

pH
Filters
Temperature
Conductivity

Chlorine, bromine rarely significant
Significant factors (Filters, e.g. dissolved solids, and  

conductivity) related to water quality
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SUMMARY

Increased vigilance of monitoring and  testing SRS Cooling 
Towers has resulted in no cases of Legionellosis.

Legionella Biocide Survey has been updated for reference.

Analyses of 3 years of SRS cooling tower data from 14 towers 
demonstrates importance of water quality (e.g. suspended 
solids, pH, conductivity).

A Technical Report Entitled "A Study On Legionella Pneumophila, 
Water Chemistry, And Atmospheric Conditions In Cooling 
Towers At The Savannah River Site" is now  available online at 
www.osti.gov/servlets/purl/969793-dssGAK/
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