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SUMMARY AND CONCLUSIONS

Morozzi et al. (1988) and Andersen (1993) reported finding higher percentages of multi-
ple-antibiotic-resistant bacteria including fecal coliform (FC) in treated sewage (TS) compared
with raw sewage (RS). The results suggested that the environments in sewage treatment plants
may actually be conducive to the propagation of multiple-antibiotic-resistant bacteria. In 2004
the Metropolitan Water Reclamation District of Greater Chicago (District) adapted the method of
Guardabassi and Dalsgaard (2002) to enumerate the total number and percentages of antibiotic
resistant FC in RS entering and final effluents (FE) discharged from its seven water reclamation
plants (WRPs). The densities of antibiotic resistant FC were determined on m-FC agar contain-
ing ampicillin, sodium salt, (AMP) (16 pg/mL), gentamicin (GEN) (8 pg/mL), tetracycline
(TET) (8 pg/mL), or all three antibiotics. A small percentage of the antibiotic resistant isolates in
RS (25) and FE (16) were identified with the BD BBL™ Crystal™ ID System.

FCampr and FCrgrr were found in RS and FE from all seven WRPs. FCgen.r Were
found in RS from all seven WRPs and in FE from the Stickney, Calumet, North Side, Lemont,
and Hanover Park WRPs. FCamp/reT/GEN-R Were found in RS from all seven WRPs, and in FE
from the North Side WRP. The numbers of FCamp-r, FCteT-R, FCGEN-R, and FCaMp/TET/GEN-R Ob-
served in RS ranged from 2.0 x 10> (Calumet WRP) to 1.1 x 10’ (James C. Kirie WRP), 9.5 x
10* (Calumet WRP) to 2.2 x 10° (James C. Kirie WRP), 95 (Lemont WRP) to 1.5 x 10* (Hanover
Park WRP), and 90 (Calumet, North Side, and Hanover Park WRPs) to 9.5 x 10° (James C. Kirie
WRP) per 100mL, respectively. The percentages of antibiotic resistant FC observed in RS fol-
lowed the trend: FCanpr (11.6 to 46.8) > FCrgrr (5.8 to 35.7) > FCggenr, (<0.01 to 0.29) and
FCamprericenr (<0.01 to 0.06). Ninety-six percent of the antibiotic resistant isolates from RS

(24 of 25 isolates) were identified as E. coli.
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Secondary sewage treatment without disinfection was shown to reduce the number of an-
tibiotic resistant FC (FCamp-r, FCrer-r, FCGEN-R, and FCamp/rET/GENR) DY tWO to three orders of
magnitude. The numbers of FCampr, FCrerr, FCGEnR, and FCamp/reT/GEN-R Observed in non-
disinfected FE ranged from 1.3 x 10* (John E. Egan WRP) to 6.4 x 10° (North Side WRP), 1.1 x
10% (John E. Egan and James C. Kirie WRPs) to 4.1 x 10° (North Side WRP), 9 (Calumet, North
Side, and Hanover Park WRPs) to 15 (North Side and Stickney WRPs), and <10 (six of seven
WRPs) to <20 (Lemont WRP) per 100mL, respectively. The percentages of antibiotic resistant
FC observed in FE followed the same trend observed in RS: FCanmpr (9.0 to 28.4) > FCrgrr (5.3
to 21.9) > FCggn-r (0.03 to <1.05) and FCamp/reT/GENR (0.03 to <1.05). Only one FCamp/rET/GEN-R
organism was found in this study (North Side WRP) indicating that FCsmp/reT/GEN-R Was Virtually
eliminated by secondary sewage treatment. Eighty-seven and one-half percent of the antibiotic
resistant isolates (14 of 16 isolates) from FE were identified as E. coli.

Equations to predict FCampr, FCrerR, FCGEN-R, and FCamp/reT/GEN-R CONCentrations, on
the basis of the total FC concentration, were derived for both RS and FE using multivariate and
univariate regression analysis. Testing the slopes of the respective equations to predict FCamp-r,
FCrerr, FCqEnr, and FCamp/teT/GEN-R CONcentrations in RS versus FE for equality showed that
the percentages of all of these antibiotic resistant FC in the FE from all 7 District WRPs were
lower than the percentages of these organisms in RS (p = <0.01). These results support the con-
clusion that secondary sewage treatment in the District reduces the numbers and percentages of
FCampr, FCTeTR, FCGENR, and FCampreT/gENR 1IN the FE and that the environments in the Dis-
trict’s seven WRPs are not conducive to the propagation or survival of these antibiotic resistant
organisms. This conclusion contrasts with the suggestions in the literature cited above that sew-

age treatment may increase the numbers and percentages of antibiotic resistant bacteria. This

1X



conclusion is in general agreement with the finding of Guardabassi and Dalsgaard (2002) that
relative numbers of antibiotic resistant total coliforms (TC) and acinetobacters in RS from two

large-scale sewage treatment plants in Denmark were not increased by sewage treatment.



INTRODUCTION

The annual usage of 88 specific antibiotics (or anti-microbial compounds) in the United
States has been estimated at almost sixteen and one-half tons (Lachmayr and Ford, 2004). The
widespread use of antibiotics in human and veterinary medicine, aquaculture, and agriculture has
resulted in the contamination of environmental waters and in the emergence of antibiotic resistant
bacteria. Antibiotics and antibiotic resistant bacteria make their way into environmental waters by
numerous routes, including via sewer systems and wastewater treatment plants (Arvanitidou et al.,
2001; Ash et al., 2002; Hirsch et al., 1999; Iwane et al., 2001; Koplin et al., 2002; Lobova et al.,
2002; McKeon et al., 1995; and Murdyk, 2002). Since bacteria can transfer genetic information
horizontally, especially in nutrient rich environments, there are concerns that antibiotic resistance
genes are being transferred to pathogenic bacteria in the environment, including sewage.

These concerns have raised the issue as to whether wastewater treatment plants are ade-
quately reducing the burden of antibiotics and antibiotic resistant bacteria present in sewage. It
has even been suggested that conditions may exist within wastewater treatment plants which in-
crease the number of antibiotic resistant bacteria through the wastewater treatment process
(Morozzi et al., 1988; Andersen, 1993). Since wastewater treatment plants have not been de-
signed to remove antibiotics and antibiotic resistant bacteria from sewage, this issue should be
closely studied before large expenditures for new engineering controls are mandated by regulatory
agencies. This study was undertaken to determine whether secondary sewage treatment at the
District’s seven WRPs is reducing adequately the numbers and percentages of FCamp.r, FCreTR,
FCgenr, and FCamprer/gen-r In the FE and whether the environments in the District’s seven

WRPs are conducive to the survival and propagation of these antibiotic resistant organisms.



OBJECTIVES

To determine the total number and percentage of antibiotic resistant FC in RS and FE at
each of the District’s WRPs and to analyze the data statistically to assess the effect of secondary

sewage treatment at each WRP on the prevalence of antibiotic resistant FC in FE.



MATERIALS AND METHODS

Sampling Plan

One RS and one FE sample were collected at each of the District’s seven WRPs in the
spring, summer, and fall of 2004 and in the winter of 2004-2005. The locations of the District’s
seven WRPs are shown in Figure 1. The dates on which these samples were collected are shown
in Tables AI-1 through AlI-4 and Tables All-1 through AIl-4.

Sample Collection, Transport, and Receiving

Samples were collected in sterile 175 mL capacity polypropylene plastic bottles contain-
ing the following sterile reagents: 0.30 mL of a 15 percent solution of the disodium salt of ethyl-
enediaminetetraacetic acid, and 0.1 mL of a 10 percent solution of sodium thiosulfate. All sam-
ples were collected by Maintenance and Operations personnel or Analytical Microbiology Labo-
ratory (AML) personnel (MWRDGC, 2003 a, b, c, d, e, f, and g). After collection, all samples
were placed on ice and transported to the District’s AML. All samples were processed within
6 h.

Enumeration of the Total Number and Percentage of Antibiotic Resistant FC in RS and FE

The methodology described by Guardabassi and Dalsgaard (2002) was adapted to enu-
merate the total number and percentages of antibiotic resistant FC bacteria in RS and FE. FC
densities were determined by membrane filtration following the methodology outlined in SM
9222D (APHA, 1992a). Samples were filtered through 0.45 pum pore size membrane filters,
which retained the bacteria. The membrane filtration method was performed on a series of dilu-
tions; five times for each sample. Each membrane filter was incubated on m-FC agar (control) at

44.5 + 0.2°C for 22 to 26 h. The densities of antibiotic resistant FC were determined on the same

medium (m-FC agar) containing ampicillin, sodium salt, (AMP) (Sigma A 9518) (16 pg/mL),



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
FIGURE 1

LOCATION OF THE DISTRICT'S SEVEN WRPs
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gentamicin (GEN) (Sigma G 3632, gentamicin sulfate salt, approximately 60 percent GEN) (8
pg GEN/mL [13.3 pg gentamicin sulfate salt/mL]), tetracycline (TET) (Sigma T 3258) (8
pg/mL), or all three antibiotics combined following the same procedure outlined above. Blue
colonies (presumptive FC isolates) from membrane filters containing 20 to 60 colonies were
counted, and the density of FC/100 mL was calculated. Preparation of the stock antibiotic solu-
tions used to prepare the antibiotic m-FC plates is outlined in Table 1. The percentages of anti-
biotic resistance were calculated for each sample as the number (CFU/100 mL) of resistant FC
divided by the total number of FC multiplied by 100.

Enumeration of the Total Number and Percentage of Antibiotic Resistant Heterotrophic Bacteria
in RS and FE

The methodology described by Guardabassi and Dalsgaard (2002) was also adapted to
enumerate the total number and percentages of antibiotic resistant heterotrophic bacteria (HB) in
RS and FE. The HB densities were determined by membrane filtration following the methodol-
ogy outlined in SM 9215D (APHA, 1992b). The methodology was essentially the same as that
described above for the antibiotic resistant FC with the following exceptions. Each membrane
filter was incubated on m-HPC agar at 35°C for 48 + 3 h and the total number of HB were
counted after incubation. The density of HB/mL was calculated.

Identification of Antibiotic Resistant FC Isolates

Isolates of FCAMP-R, FCTET-R, FCGEN-R, and FCAMP/TET/GEN-R were identified USil'lg the
BBL™ Crystal™ ID System and BBL Crystal MIND Software V5.02E (Becton, Dickinson and

Company, Sparks, Maryland).



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 1

STOCK ANTIBIOTIC SOLUTIONS USED TO PREPARE ANTIBIOTIC m-FC AGAR PLATES

Final
Sigma Product Concentration
Number of Wt. (mg) of Volume (mL) of Antibiotic

Antibiotic Antibiotic Antibiotic of Solvent Solvent (mg/mL) 1,23
Ampicillin A 9518 160.0 10 Milli-Q Water 16
(AMP)
Gentamicin G 3632 133.3 10 Milli-Q Water 8
(GEN)
Potency =
60%
Tetracycline T 3258 80.0 10 1:1 Milli-Q 8
(TET) Water-Ethanol

'Stock solutions were prepared no more than 2 days before needed and stored at 1-4°C.
?1.0 mL of stock solution was added to 1 L of m-FC media to prepare antibiotic m-FC agar plates.
3 Antibiotic containing m-FC agar plates were stored no longer than one week at 1-4°C.



Statistical Analysis

The collected data (untransformed and log transformed FCampr, FCrerr, FCGENR, and
FCamp/reT/GEN-R) Were tested for normality by the Kolmogorov-Smirnov (K-S) test (Gibbons and
Chakraborti, 1992). Bartlett’s test for homogeneity of variances (Walpole and Meyers, 1989)
was performed on log transformed FCampr, FCrerr, FCoenr, and FCamprer/cen-r data for
which there was no reason to question the assumption of normality. Pearson product moment
correlation coefficients, r, were calculated to identify any linear relationship between any two
antibiotic resistant FC bacteria from the list of FCamp-r, FCteTR, FCGEN-R, and FCAMP/TET/GEN-R.
Correlation matrices were constructed to identify any linear relationships among FCampr, FCrer-
R, FCgenr, and FCamp/reT/cen-r that should not be ignored. The K-S test was used to test for
multivariate normality.

Concentrations of FCampr, FCteT-R, FCGEN-R, and FCaMmp/TET/GEN-R WETE considered as the
dependent or response variables, Y;, Y, Y3, and Y4 respectively, and FC concentration in the
control was considered as the independent or explanatory variable X. Since each Y; (i = 1,2,3,4)
and X has n observations, the matrix Y has n rows and 4 columns, and X has n rows and 2 col-
umns. The entries in the first column of X are all 1 if there is an intercept in the model.

The objective was to predict ¥ on the basis of X by regression method for univariate
(Rao, 2002) and multivariate (Anderson, 1984) analysis and to determine whether the predictions
of Ys are the same for the RS and FE by testing the equality of the regressions. The regression
equation in any case can be written as

Y=Xf+¢ (1)
where Y, X, B, and ¢ are, respectively, nx p,nx(k+1),(k+1)x p, and nx p matrices. The

number of observations, number of response variables, and the number of independent or



explanatory variables in the regression model, are represented by n, p, k, respectively.

In the case of univariate regression, the dimensions of the matrices for Y, X, f, and ¢ are
nx1, nx(k+1), (k+1),and n+1, respectively. When there is no intercept in the model the num-
ber of columns in X and the number of rows in f are each reduced by 1. The least square estimate
of f (univariate or multivariate) is given by

p=(xx)"xy )
Regression analyses (univariate and multivariate) were performed on FCampr, FCrerr,

FCgen-r, and FCamp/rer/genr In RS and FE for each WRP. The estimate of ,@ in FE and RS are

denoted by Bl and ,32, respectively. Standard parametric analysis of variance (ANOVA) (Khat-
tree and Naik, 1999), and the method of Rao (2002) were adopted to test the hypothesis

H, : B, = p,, the equality of regressions.

Bro

It should be mentioned that if there is an intercept in the model then f, =( Jis not a

11
matrix of slope but a matrix of intercept 19 and slope f11 as shown above. All statistical analyses

were performed using SAS software.



RESULTS AND DISCUSSION

The total numbers and percentages of FCamp.r, FCrer.r, FCGEN-R, and FCamp/TET/GEN-R 1N
samples of RS entering the District’s seven WRPs are shown in Tables 2-5, respectively. The
complete data are shown in Tables Al-1 through AI-4. The total numbers and percentages of
FCampr, FCtET-R, FCGEn-R, and FCamp/reT/GEN-R IN FE from the District’s seven WRPs are shown
in Tables 6-9, respectively. The complete data are shown in Tables All-1 through All-4.

FCamp-r and FCret.r were found in RS and FE from all seven WRPs. FCgen.r Were found
in RS from all seven WRPs and in FE from the Stickney, Calumet, North Side, Lemont, and
Hanover Park WRPs. FCamp/reT/gEn-R Were found in RS from all seven WRPs, and in FE from
the North Side WRP. The numbers of FCamp.r, FCteT-R, FCGEN-R, and FCamp/TET/GEN-R ObSeErved
in RS ranged from 2.0 x 10° (Calumet WRP) to 1.1 x 10’ (Kirie WRP), 9.5 x 10* (Calumet
WRP) to 2.2 x 10° (Kirie WRP), 95 (Lemont WRP) to 1.5 x 10" (Hanover Park WRP), and 90
(Calumet, North Side, and Hanover Park WRPs) to 9.5 x 10° (Kirie WRP) per 100mL, respec-
tively. The percentages of antibiotic resistant FC observed in RS followed the trend: FCanp.r
(11.6 to 46.8) > FCrgrr (5.8 to 35.7) > FCgen-r, (<0.01 to 0.29) and FCamp/reT/GENR (<0.01 to
0.06).

Secondary sewage treatment without disinfection was shown to reduce the number of the
antibiotic resistant FC by two to three orders of magnitude. The numbers of FCanmp.r, FCreT-R,
FCgenr, and FCamp/rer/gen-r Observed in non-disinfected FE ranged from 1.3 x 10° (John E.
Egan WRP) to 6.4 x 10° (North Side WRP), 1.1 x 10> (John E. Egan and James C. Kiriec WRPs)
to 4.1 x 10° (North Side WRP), 9 (Calumet, North Side and Hanover Park WRPs) to <15 (North
Side and Stickney WRP), and 9 (North Side WRP) to <10 (all seven WRPs) per 100mL, respec-

tively. The percentages of antibiotic resistant FC observed in FE followed the same trend



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 2

NUMBER AND PERCENTAGE OF FCxamp.r PER 100 mL IN RAW SEWAGE (RS)

WRP Range Percentage1
Stickney 40x10°-3.9x 10° 13.5-34.3
Calumet 20x10°-6.9x10° 12.7-15.8
North Side 25x10°-1.2x10° 11.6-25.1
Lemont 2.6x10°-8.6x10° 12.7-21.2
John E. Egan 8.4x10°-3.0x 10° 19.2 - 46.8
Hanover Park 28x10°-2.1x10° 16.8 -31.1
James C. Kirie 43x10°-1.1x 10’ 204 -35.4

"(FCawmp.r in RS/Total EC in RS) x 100.
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TABLE 3

NUMBER AND PERCENTAGE OF FCrgr.r PER 100 mL IN RAW SEWAGE (RS)

WRP Range Percentage1
Stickney 22x10°-1.9x 10° 6.9-17.6
Calumet 95x10*-5.8x10° 73-12.8
North Side 29x10°-72x10° 9.2 -35.7
Lemont 12x10°-4.6x 10° 74114
John E. Egan 45%x10°-93x 10’ 13.0-18.2
Hanover Park 20x10°-1.0x 10° 11.6 - 19.8
James C. Kirie 34x10°-22x10° 5.8-27.9

"(FCrgrr in RS/Total FC in RS) x 100.

11



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 4

NUMBER AND PERCENTAGE OF FCggn.r PER 100 mL IN RAW SEWAGE (RS)

WRP Range Percentage1
Stickney 1.7x10°-5.6x 10° 0.03 - 0.06
Calumet 3.0x10°-2.2x 10° 0.02 - 0.04
North Side 25x10°-9.5x% 10° <0.01 - 0.29
Lemont 9.5x10'-2.5x% 107 <0.01

John E. Egan 7.6x 10*-3.2x 10° 0.02 - 0.06
Hanover Park 1.0x 10 -1.5x 10* <0.01 - 0.20
James C. Kirie 4.0x10*-9.5x 10° 0.01 - 0.05

"(FCgenr in RS/Total FC in RS) x 100.

12



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 5

NUMBER AND PERCENTAGE OF FCawmp/rer/gen-r PER 100 mL IN RAW SEWAGE (RS)

WRP Range Percentage1
Stickney 2.0x 10*-2.0x 10° <0.01 —0.02
Calumet 9.0x 10" - 4.0 x 10 <0.01-0.01
North Side 9.0x 10' —2.4x 10’ <0.01 —0.04
Lemont 9.5x 10' <0.01

John E. Egan 3.0x 10*-1.4x 10° 0.01-0.02
Hanover Park 9.0x10'—1.5x 10’ <0.01 - 0.06
James C. Kirie 3.0x10°-9.5x 10° <0.01 - 0.06

"(FCawmp/reT/GEN-R in RS/Total EC in RS) x 100.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 6

NUMBER AND PERCENTAGE OF FCawmp.r PER 100 mL IN FINAL EFFLUENT (FE)

WRP Range Percentage1
Stickney 41x10*-4.7x 10° 14.0-27.1

Calumet 42x10*-2.0x 10’ 9.0 —20.5

North Side 12x10°-6.4x 10° 153 -28.4
Lemont 1.9x10°-2.9x 10° 11.9-20.0
John E. Egan <10*- 6.9 x 10 13.2°-16.3°
Hanover Park <10°-2.5x 10° 14.5*—22.3°
James C. Kirie <10°—2.0 x 107 11.9°-19.1°

"(FCawmp.r in FE/Total FC in FE) x 100.
4Chlorination season.
"Non-chlorination season.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO

TABLE 7

NUMBER AND PERCENTAGE OF FCrgr.r PER 100 mL IN FINAL EFFLUENT (FE)

WRP Range Percentage1
Stickney 23x10*-2.4x10° 7.9-17.2
Calumet 33x10°—7.7x 10 72-12.6
North Side 72x10°—4.1x 10° 11.5-21.9
Lemont 8.5x 10°—3.4x 10’ 53-20.9
John E. Egan <10*-5.9 x 107 11.1°-14.1°
Hanover Park <10°-2.4x 10° 14.4°-21.8°
James C. Kirie <10°-2.2x 107 8.1"-21.0°

"FCrgrr in FE/Total FC in FE) x 100.
4Chlorination season.
"Non-chlorination season.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 8

NUMBER AND PERCENTAGE OF FCggn.r PER 100 mL IN FINAL EFFLUENT (FE)

WRP Range Percentage1
Stickney <10 -<15 0.07 — 0.34
Calumet 9-<10 0.09 —0.22
North Side 9-<15 0.03-0.19
Lemont <10 0.06 —0.08
John E. Egan <10° <0.24" - <1.05°
Hanover Park 9* - <10 0.08" — <0.25"
James C. Kirie <10 <0.77° - <0.95"

"(FCgpn-r in FE/Total FC in FE) x 100.
4Chlorination season.
"Non-chlorination season.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 9

NUMBER AND PERCENTAGE OF FCawmp/ret/cen-k PER 100 mL IN FINAL EFFLUENT (FE)

WRP Range Percentage
Stickney <10 0.05-0.34
Calumet <10 0.10 - 0.22
North Side 9*- <10 0.03 —0.20
Lemont <10 0.06 —0.08
John E. Egan <10° <0.24° — <1.05°
Hanover Park <10° <0.09¢ — <0.25°
James C. Kirie <10° <0.77° - <0.95°

"(FCamp/reT/GEN-R in FE/Total FC in FE) x 100.
*One colony.

°Chlorination season.

“Non-chlorination season.
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observed in RS: FCampr (9.0 to 28.4) > FCrerr (5.3 t0 21.9) > FCgenr (0.03 to <1.05) and
FCamp/rer/GEN-R (0.03 to <1.05). Only one FCamp/reT/GEN-R Organism was found in FE (North
Side WRP) indicating that FCamp/reT/GEN-R Was virtually eliminated by secondary sewage treat-
ment.

Results of the K-S test (not shown) indicated that log transformed FCampr, FCrerr,
FCgen-r, and FCamp/reT/GEN-R data were normally distributed. Therefore, log transformed values
of the explanatory variables were used in the regression analysis to predict log transformed val-
ues of the response variables. Results showed that there is no intercept in any regression model.

The basic statistics calculated using univariate regression analysis are shown in Tables 10 and 11

and Table 12 contains slopes ,ﬁ and R? values. In each case the slope of the regression equation to

predict an antibiotic resistant FC density in FE was less than the slope of the regression equation
to predict the same antibiotic resistant FC density in RS. In each case the difference in the com-
pared slopes was shown to be highly significant by two statistical methods. These results showed
that the numbers and percentages of all of these antibiotic resistant FC in the FE from all 7 Dis-
trict WRPs were significantly lower than the numbers and percentages of these organisms in RS
(p =<0.01).

Parenthetically, in a number of instances the results of analyses for FCgpn.r and

FCamp/reT/GEN-R gaVe less than values instead of actual values (Appendices Al and All). The less

than values were not used in the regression analyses. Therefore, as indicated in footnotes to Ta-

bles 10 and 11, in some cases there were insufficient data to perform the regression analyses.
Calculated values of the correlation coefficients, » values, are shown in Tables 13 (RS)

and 14 (FE). The absolute values of » are all greater than zero, indicating that the response vari-

ables for RS and for FE are significantly correlated. Results of the K-S test shown in Tables 13

18



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 10

BASIC STATISTICSI FCAMP—R, FCTET—R: FCGEN—R and F CAMP/TET/GEN—R CONCENTRATIONS

IN RAW SEWAGE (RS)

WRP Measured Obs. Mean? g2
Calumet FCampr 8 12.684 0.494
FCreTr 8 12.244 0.756
FCgen-r 5 6.688 0.925
John E. Egan FCampr 8 14.063 0.528
FCreTrr 8 13.433 0.344
Hanover Park FCampr 8 13.648 0.801
FCrerr 8 13.188 0.691
FCgenr 9 7.196 1.813
James C. Kirie FCampr 8 14.560 1.409
FCrerr 8 13.710 0.918
Lemont FCampr 8 12.959 0.495
FCreTr 8 12.372 0.605
FCgen-r 5 4.840 0.646
FCAMP/TET/GEN-R 5 4.563 0.058
North Side FCampr 8 13.262 0.709
FCrerr 8 13.052 0.456
FCgenr 6 6.933 1.633
FCAMP/TET/GEN-R 5 5.834 1.780
Stickney FCampr 8 13.658 0.953
FCreTr 8 12.960 0.927
FCgen-r 5 7.942 0.630

'Calculated using univariate regression. In some cases insufficient data were collected to perform
the calculations. These cases were omitted from the table.

’Ln values.

*Standard deviation.
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO
TABLE 11

BASIC STATISTICSI FCAMP—R, FCTET—R: FCGEN—R and F CAMP/TET/GEN—R CONCENTRATIONS

IN FINAL EFFLUENT (FE)

WRP Measured Obs. Mean? g2
Calumet FCampr 8 6.857 0.625
FCrgrr 8 6.346 0.372
FCGEn-R 8 2.276 0.049
John E .Egan FCampr 4 5.665 1.008
FCrgrr 4 5.516 0.998
Hanover Park FCampr 4 7.073 0.841
FCrgrr 4 7.067 0.827
FCgenr 4 2.250 0.061
James C. Kirie FCampr 4 5.169 0.170
FCrgrr 4 5.010 0.464
Lemont FCampr 8 7.812 0.199
FCrgrr 8 7.401 0.584
FCGEn-R 8 2.450 0.340
FC AMP/TET/GEN-R 8 2.476 0.321
North Side FCamp-r 8 7.875 0.845
FCrgrr 8 7.570 0.764
FCgenr 8 2.337 0.271
FCAMP/TET/GEN-R 8 2.289 0.037
Stickney FCamp.r 8 7.200 1.084
FCrgrr 8 6.660 1.053
FCGEn-R 8 2.376 0.253

'Calculated using univariate regression. In some cases insufficient data were collected to do the
calculations. These cases were omitted from the table.

’Ln values.

*Standard deviation.

20



100°0 000 96£6°0 698¢€°0 LT66°0 0TyTo YA 9PIS YHON
100°0 100°0 8€96°0 L09Y°0 LS86°0 SLYTO A 9PIS YHON
100°0 100°0 L8660 €698°0 9866°0 09080 ‘A 9PIS YHON
100°0 100°0 96660 ev88°0 L8660 68¢8°0 'A 9PIS YHON
100°0 100°0 96660 066C°0 00660 96sT0 YA juowd
100°0 100°0 S¥86°0 0LTE0 188670 6C¢ST0 A juowd |
100°0 100°0 96660 $6¢£8°0 SS66°0 LT9L 0 ‘A juowd
100°0 100°0 L6660 68L8°0 26660 91080 'A juowd |
100°0 L00°0 16660 €098°0 [L86°0 S60L°0 A QU ") Souef
100°0 100°0 L6660 09160 89660 SEELO 'A QU "D sowef
100°0 100°0 8LS6°0 LELYO S€66°0 SYSTo A JIed IoAOUBH
100°0 9000 86660 8€L80 08660 1508°0 A JIed IsAouBH
100°0 000 96660 106°0 9L66°0 85080 X JIed IoAOUBH
0000 100°0 66660 LLLEO $9660 c0€L0 A uedq g uyor
100°0 100°0 26660 881670 89660 L6YL 0 A uesq g uyof
100°0 100°0 126670 89110 ¢L66°0 S65C0 tA jownyen
100°0 100°0 88660 76£8°0 L8660 0SCL 0 ‘A jownyen
100°0 100°0 86660 16980 99660 r8L0 'A jownyen
0B AS91-L mobmaumum %n mobwswm-m Rts| onjep IAM
d="19) SY q4 paroIpaid
sadorg enbqg jo

A)111qeqOId 99UBdYIUSIS

(°d = '9) SAdOTS TVNOd 40 ALITIAVEIO¥d ADNVIIAINDIS HL ANV SNOLLVILNADNOD

04 (TOYINOD) TVILOL NOdN adsvd (¢d) (S¥) dOVMAS MV ANV ('d) (A1) ININTAAd TVNIA
NI ¥NEOAALANYY | NV ANEOY, [ W1dLYy g ANV [DIATYd OL NOISSTIDT ALVIIVAINN A0 SLINSTY

ODVIIHD ddLVAYED 40 LOTILSIA NOILLVINVIOHYE JALVM NVLITOdOdLHN

¢l A'1dV.L

21



'SonfeA d,

‘(Topowr oty U paryroads SI[qeLIeA U} YA A[IQRLIBA ) JO [[€ }SOW]E J0J PIIUNOIIE JARY M JBY} SOJBIIPUI ()'] 0} 9SO[O
a4pnbs-y ue “3-9) e)ep oY} S)J [OPOUI Y} [[M MOY JO JOJEOIPUL UE ST ON[BA 2.pnbs-y dYJ, “UONBUIULIDIOP JO JUSIOLFI00 = drenbs-y,

'SY 10} uonenbo uorssar3ar ayy jo adojs = o,
“J 10} uonenba uoissaidar ay) jo adoys = I,

.M.me\hmﬁ\mzom =Vx mm-ZmOQm =X WM.FMHUH‘H =X mm-mzom - ﬁym

"UONENUIIU0I D ([€101) [0IIU0D = X Pue ), JUL)SISAI O1JOIqIIUE JO UONBIIUIIU0D pajoIpaid = X 1oy
X = (x u)?g = A U :93emag Mmey gX = (xup)'g = £ u uanpyyy [eury,

100°0 100°0 16660 €r0s0 66860 169C°0 A Aowpons
100°0 100°0 98660 0818°0 65660 609L°0 N Aauyong
100°0 100°0 06660 LE68°0 €L660 vCT80 ‘A Aowypons
0B AS91-L renbs-y s Tenbs-y . anfeA JIM
d="19) A a4 paroIpaid
sadorg enbqg jo

A)111qeqOId 99UBdYIUSIS

(¢ = 1¢) SAdOTS TVNOT 40 ALITIGVIOYd ADNVIIAINOIS AHL ANV SNOILLVILNADONOD
04 (TOYINOD) TVILOL NOdN adsvd (¢d) (S¥) dOVMAS MV ANV ('d) (A1) ININTAAd TVNIA
NI ¥NEOAALANYY | NV ANEOY,[ W1l ANV [DIATYd OL NOISSTIDTI ALVIIVAINN A0 SLINSHY

(ponunuo)) 71 A1dV.L

ODVIIHD ddLVAYED 40 LOTILSIA NOILLVINVIOHYE JALVM NVLITOdOdLHN

22



6660 0001 19v°0 109°0- SCLO- YA juow_d T

19t°0 0001 S00°0- €6C0- £X Juow_ T

109°0- S00°0- 0001 ¢S80 ‘A juow_d T

SCL0- €6C0- ¢e80 0001 'A Juow_ T

(4430 dal ar 0001 9960 A QLI "D Sounef

al al 996°0 000°1 'A QLI "D soulef

60L°0 al 000°1 c0L°0 01,0 £X JIed IoAoueH

darl <0L0 0001 6960 A Ied JoAoueH

al 01,0 6960 000°1 'A JIed IoAoueH

6280 al al 0001 0850 A ueSy ‘g uyor

dal dl 0850 000°1 A uedq g uyor

188°0 darl 000°1 cee0- 810" EX joumpen

al cee0- 0001 v16°0 ‘A joumpen

Al 810" v16°0 000°1 A jouwmpesy

("X X X 1K) X P & X dIM
ANeULIoN (sonyeA 1)

djeLreAn[NIA JO A}1[IqeqoId

Q0UBDIJIUTIS

| XLIBJAl UOT)R[O1I0))

(44) INANTIAT TVNII NI SNOLLVILNAINOD

ENADLALANY D f NV ANIDDJ WLALY J ANV A TITVINION HLVIIVALLTNN Y04 SLSAL 40 SLINSHY

ODVIIHD ddLVAYED 40 LOTILSIA NOILLVINVIOHYE JALVM NVLITOdOdLHN

€1 4'194V.L

23



"SON[EA £ 9JE[NO[ED 0} EJEP JUSIOYINSU] = (II,
‘uone[ndod [eUWLIOU S)ELIBATI[NUI € WO} dI JEP 9} ‘50’0 < ST A[1qeqord SIy) JT 180} S-3] Ay} JO SHNSNY,

. JO SANJBA [[& 9)e[NOTED 0} BIEP JUSIDIIJNSUI 9I9M I} ISNLBIQ [BOLOWIIASE ST XLIJEW UOT)R[AII0) oY} STYM Aousonsg

pue ‘QuIy D sewe[ e IoAoueH ‘UeSq ‘g uyo[ ‘yowne)) Yy} Jo sased Y} u ‘(000 1) ANun uonIuyep Aq oIe d[qeLIeA dwes )

I0J .L JO sanJeA "JuedjIuSIS 918 0I0Z URY) I0)eaId £ JO son[eA anjosqe ) Jo [V "(P4 puv €1 Cx ‘1) poyedIpul so[qeriea 3y) o) puods
-O1I00 SUTINOO PUE SMOI SY, "XLIEUI AU} UI UMOUS dIe ‘SJUIIOIJJO00 UONE[ALIOD JUdWOW Jonpord uosIedd dyj “f Jo san[eA poje[nofe),

¢86°0 al 000°1 €LS 0" 811 0- ‘A Asuzjong
al €LS 0" 000°T 8Y6°0 ‘A Asusong

al 81 0- 8Y6°0 000°1 A Asuxjong

1L6°0 0001 9LT10 110°0- cero YA 9PIS YHON
9LT°0 000°1 86T 0- 9%0°0- ‘A 9pIS YHON

[10°0- 86T 0- 0001 L98°0 ‘A 9PIS YHON

Sero 9%0°0- L98°0 000°1 A 9pIS YHON

(X X A 1K) X X X I dIIM

ANeULIoN (sonyeA 1)
djeLIBADNIA JO ANIqeqOI] | XLIBJAl UOT)R[O1I0))
Q0UBDIJIUTIS

(44) INANTIAT TVNII NI SNOLLVILNAINOD
ENADLALANY D NV ANIDDJ WLALY J ANV A TITVINION HLVIIVALLTNW Y04 SLSAL 40 SLINSHY

(ponunuo)) €1 AT19V.L

ODVIIHD ddLVAYED 40 LOTILSIA NOILLVINVIOHYE JALVM NVLITOdOdLHN

24



90 0001 1660 6C¢0 8¢r0 T Juow_ T

16670 0001 S6C0 SS¥0 £X Juow_d T

6C¢0 S6C0 000°1 S65°0- ‘A Juow_ T

8¢r0 SS¥0 $65°0- 0001 A juow_d T

€660 al al 000°1 8890 A QLY "D Sowef

al art 8890 0001 A QLI *D Sounef

€550 dl 0001 966°0- 086°0- EX JIed IoAoOUBH

al 966°0- 0001 ¥96°0 A JIed IoAoueH

at 086°0- ¥96°0 0001 A JIed IsAoUBH

6¢€9°0 dal darl 000°1 $86°0 A uedq g uyor

al al $86°0 0001 'A ueSy ‘g uvor

8660 al 0001 LY 0- SIL0- EX jouwmpen

at LY 0" 0001 ¥06°0 A joumper

Al SIL0- ¥06°0 0001 'A joumpes

(" X X %) "X P X 'z dIM

ANeULIoN (sonjeA 1)

djeLIBADNIA JO ANIqeqOI] [ XLIEJA UOTJR[O1I0))

Q0UBDIJIUTIS

(SW) 4OVMAS MVY NI SNOLLVIINAINOD
ENADLALANVD T NV © INIOYJ HLALy f WdWH T A LITVINION ALVIIVAILTAN d0d SLSHL A0 SLTNSHd

v1 4 19V.L

ODVIIHD ddLVAYED 40 LOTILSIA NOILLVINVIOHYE JALVM NVLITOdOdLHN

25



"SON[EA £ dJE[NO[LD 0} EJEP JUSIYINSU] = (II,
‘uone[ndod [eUWLIOU S)ELIBATI[NUI € WO} dJE JEP O} ‘60’0 < ST AN[Iqeqord SIy) JT 1s0) S-3] Ay} JO SHNSNY,
" JO SONJBA [[& 9)e[NOTED 0} BIEP JUSIDIJNSUI 9I9M I} ISNLBIA( [BOLOWIWIASE ST XLIJEW UOT)R[ALI0) AU} STYM Aous[onsg
pue ‘QuIy D sewe[ e IoAoueH ‘UeSq ‘g uyo[ ‘yown[e) Yy} Jo sased Yl u ‘(000 1) ANun uonmuyep Aq oIe d[qeLIeA dwes )
I0J .L JO sanJeA “JuedIUSIS 918 0I0Z URY) IOJeaI3 £ JO son[eA anjosqe ) Jo [V (P4 puv €1 Cx ‘1) poyedIpul so[qeriea 3y) o) puods
-O1I00 SUTIN[OO PUE SMOI SY [, "XLIEUI AU} U UMOUS dIe ‘SJUSIOIJJO00 UONE[ALIOD JUdWoW Jonpord uosIedd dyj “f Jo san[eA poje[nofe),

6660 ar 0001 creo 14494\ A Adwyong
al cleo 00071 860 N Aauyong
darl 14494\ 860 0001 ‘A Aowyong

9660 000°1 LOT0 69¢0 Sero N 9PIS YHON
L0T0 0001 6010 ¢8T0 ‘A 9PIS YHON
69¢°0- 6010 00071 9060 A 9PIS YHON
STy o- ¢8T0 9060 0001 A 9PIS YHON

("X X Kk 14) "X A 4 X dIm

ANewioN (soneA 1)

deLIRAINIA JO AI[IqeqOI] | XLIJRJA| UONE[OLI0)
20uBdJIUIIS

(SY) AOVMAS MVY NI SNOLLVILNAINOD
ENADLALANYD T NV © INIDYf Lalny 1 AWV T A LITVINION ALVIIVALLTAN 404 SISAL A0 SLTINSTd

(ponunuo)) 1 A14V.L

ODVOIHD ddLVAddD 40 LOTILSIA NOLLVINVIOHYE d4LVM NVII'TOdOdLdN

26



and 14 indicate that Y, Y>, Y3, and Y4 come from one multivariate normal population for RS and

for FE. The results of multivariate regression analysis are shown in Table 15 (slopes ,é s and R?

values). In each case the slope of the regression equation to predict an antibiotic resistant FC
density in FE was less than the slope of the regression equation to predict the same antibiotic re-
sistant FC density in RS. In each case the difference in the compared slopes was shown to be
highly significant by ANOVA. These results showed that the numbers and percentages of all of
these antibiotic resistant FC in the FE from all seven District WRPs were significantly lower
than the numbers and percentages of these organisms in RS (p =< 0.01). Since the sample sizes
for testing multivariate normality were very small for some WRPs, there could be some ques-
tions as to whether the results of multivariate regression analysis are as reliable as those of uni-
variate regression analysis. However, the results of multivariate regression analysis are in com-
plete agreement with the results of univariate regression analysis.

The numbers of FCamp-r, FCtET-R, FCGEN-R, and FCamp/reT/GEN-R Observed in RS and FE
from the District’s seven WRPs by season are shown in Figures 2-5. Visual inspection of the
data plotted in Figures 2 through 5 suggests that the seasons may have some effect on the num-
bers or relative percentages of antibiotic resistant FC observed in RS or FE. However, these data
are limited, so no statistical analysis was performed, and no conclusion can be drawn from the
data regarding confounding effects of seasonal variation.

Identities of antibiotic resistant FC isolates from RS and FE are shown in Table 16.
Ninety-six percent of the antibiotic resistant isolates from RS (24 of 25 isolates) were identified
as E. coli. The one non E. coli isolate from RS was identified as Klebsiella oxytoca. Eighty-seven

identified as E. coli. Of the two non-E. coli isolates from FE, one was identified as Klebsiella
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pneumoniae and the biochemical profile of the other was not in the Crystal™ MIND Software
database. The complete data are shown in Table BI-1.

Public health officials are concerned about all antibiotic resistant bacteria in the environ-
ment (the entire gene pool) because antibiotic resistance genes in normally harmless bacteria
may be transferred to bacteria, which are human pathogens. Multiple-antibiotic-resistant bacteria
in the environment represent the greatest concern for obvious reasons. Morozzi et al. (1988) and
Andersen (1993) reported finding higher percentages of multiple-antibiotic-resistant bacteria in-
cluding FC in treated sewage compared with raw sewage (as referenced by Guardabassi and
Dalsgaard, 2002). These results suggested that the environments in sewage treatment plants
might actually be conducive to the propagation of multiple-antibiotic-resistant bacteria. The re-
sults of the study conducted by the District reported here, as discussed above, indicate that con-
ditions within the District’s seven WRPs do not enhance the propagation of antibiotic resistant
bacteria including multiple-drug-resistant FC bacteria. In this respect the ranges of FCampr,
FCrgrr, FCgen-r, and FCamp/reT/GEN-R 1IN RS and FE reported in this study are in general agree-
ment with the findings of Guardabassi and Dalsgaard (2002) who studied antibiotic resistant total
coliforms (TC) and acinetobacters. These authors reported two to three log reductions of antibi-
otic resistant TC in RS by tertiary sewage treatment at two sewage treatment plants in Denmark
serving a combined population of approximately 740,000 people. The actual numbers of
TCamp-r, TCreTR, TCGEN-R, and TCamp/reT/GEN-R TEpPOTted by these authors, shown in Table 17,
are not strictly comparable, of course, to the levels of FCamp.r, FCrgrr, FCgenr, and
FCamp/reT/GEn-r Teported here. However, in the District, FC present in RS and FE represent ap-
proximately five to fifteen percent of the TC present in these matrices, and there is no reason to

assume this ratio would be radically different for the RS and FE in Denmark.
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If this assumption, i.e., FC = approximately 5 to 15 percent of TC, is accepted, a rough
comparison of the data reported here and the data collected by Guardabassi and Dalsgaard (2002)
can be made, albeit cautiously. This comparison indicates the following.

1. The FCampr and FCrgrr levels in RS reported here are in the range expected

based upon the TCanmpr and TCrgrr levels in RS reported by Guardabassi and
Dalsgaard (2002).

2. Levels of FCgpny and FCamp/rem/iceng reported in this study are lower than
would be expected based upon the TCgenr, and TCamp/reT/GENR TEPOTted by
Guardabassi and Dalsgaard (2002).

3. The numbers of FCampr, FCrerR, FCGEN-R, and FCamp/rET/GEN-R 10 FE reported
here are all less than expected based upon the TCamp.r, TCrerRs TCGENR, and
TCampreT/cEN® levels reported by Guardabassi and Dalsgaard (2002) for the
sewage treatment plants which they studied.

4. As mentioned above, FCamp/reT/cEN-R Was virtually eliminated by secondary
sewage treatment in the District.

These data indicate that secondary sewage treatment in the District may be more effective
in reducing the numbers of FCamp-r, FCrerR, FCGEN-R, and FCamp/TET/GEN-R 10 RS than the terti-
ary treatment at the two sewage treatment plants in Denmark studied by Guardabassi and
Dalsgaard (2002). Although the data collected support this hypothesis, it must be considered
speculative.

Guardabassi and Dalsgaard (2002) reported the following average percentages of antibi-
otic resistant coliforms in RS at two treatment plants: TCamp.r (51.4 and 47.7); TCrgrr (2.0 and

4.9); TCgenr (1.4 and 3.3), and TCamp/rer/ienr (0.1 and 0.2). Guardabassi and Dalsgaard
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(2002) reported the following average percentages of antibiotic resistant coliforms in TS at these
two treatment plants: TCamp-r (60.3 and 50.5); TCrgrr (2.2 and 2.2), TCgpnr (1.8 and 3.1) and
TCampreT/GEN-R (nOt detected and 0.3). (This trend is in agreement with the trend observed in the
District for antibiotic resistant FC in RS and FE.) No significant differences in the percentages of
these organisms in RS and TS were observed. Guardabassi and Dalsgaard (2002) reported that
the relative numbers of antibiotic resistant TC were not significantly increased by sewage treat-
ment.

The numbers of HBamp.r, HBTeT-R, HBGEN-R, and HBamp/TET/GEN-R ObServed in RS and FE

in the District are shown in Tables CI-1 and CII-1, respectively. These data are limited but do

indicate that FCamp.r, FCrer-r, FCoEngr, and FCamp/reT/cEn-R TEpresent only a small percentage
of the HBamp-r, HB1ET-R, HBGEN-R, and HBAMP/TET/GEN-R Observed in both RS and FE. The high-
est levels of FCamp-r, FCteTR, FCGEN-R, FCAMP/TET/GEN-R Observed in Stickney and Lemont WRP
RS (Tables 2 through 5) represent 1 to 3, 7 to 13, <1, and <1 percent of the respective HBamp-r,
HBrerr, HBgen-r, and HBamp/reT/GEN-R levels shown in Table CI-1. The highest levels of
FCampr, FCrerR, FCGEN-R, FCAMP/TET/GEN-R ObServed in Stickney and Lemont WRP FE (Tables
6 through 9) represent <1 to 1, 2 to 8, <1, and <1 percent of the respective HBamp.r, HB1ET-R,
HBgGenr, and HBamp/teT/GENR levels shown in Table CII-1. Antibiotic resistant HB data were
collected merely as an attempt to put the antibiotic resistant FC data into perspective. Collection
of antibiotic resistant HB data was not a planned part of this study.

Although antibiotic resistant FC in sewage and environmental waters have been studied
by other investigators, it is difficult to compare data previously collected with the data published
in this report. There is no standard method for monitoring antibiotic resistant bacteria in envi-

ronmental samples. Most published studies report on antibiotic resistance tests conducted on
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isolated bacterial species of interest in contrast to the method of Guardabassi and Dalsgaard
(2002), i.e., incorporating antibiotics in the agar plates used for isolating the bacteria, as em-
ployed in this study. Furthermore, the concentrations of antibiotics used by different investiga-
tors also vary, and antibiotic susceptibility testing is often done using adaptations of the Kirby-
Bauer disc method (Bauer et al., 1966). In order for any meaningful comparison of data quanti-
fying antibiotic resistant bacteria in different locations to be made, a standard method must be
used. The data collected for this study indicate that the method of Guardabassi and Dalsgaard
(2002) as modified here would be a good standard method for monitoring antibiotic resistant FC
bacteria in the environment.

The effluents from the Stickney, Calumet, and North Side WRPs are the dominant source
of flow during low-flow periods in the deep-draft portions of the Calumet and Chicago River
Systems and in the Lower Des Plaines River from Lockport to the confluence with the Kankakee
River. Ash et al. (2002) reported levels of gram negative bacteria resistant to AMP (150 pg/mL
in Luria-Bertani plates incubated at 30°C to 32°C) in 22 U.S. rivers ranging from 2.1 x 10* to 6.3
x 10° cfu/100mL including one value of 1.6 x 10° cfu/100mL for a sample from the Chicago
Waterway System. It would be difficult to compare the District’s FE FCavp.r data collected for
this study with those of Ash because the FC,vp.r Were isolated by the District on the more re-
strictive mFC medium containing only 16 pg AMP/mL (an order of magnitude lower than the
concentration used by Ash) at the restrictive temperature of 44.5 + 0.2°C. The range of percent-
ages of AMP resistant gram negative bacteria in U.S. rivers reported by Ash (3.9 to 53.0) is
larger than the range of percentages of FCamp.r in FE reported here (9.0 to 28.4). The District is
currently conducting a study to determine levels of FCampr, FCrerr, FCgenr, and
FCamp/reT/GENR 1n the Chicago Waterway System and will compare the data collected for that

study with the data reported here.
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