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Abstract This article provides the results of a study evaluating the 
sampling efficiency of a flat paddle sampling device against a round surface 
sampling device in controlled studies. Each device is supplied with identi
cal microbial-growth media, and laboratory studies document equivalent 
performance of the media in the devices. Both devices perform sampling by 
the same process (agar transfer of microorganisms from the facility surface 
to the agar surface), and the performance of the two devices was shown to 
be equivalent in laboratory studies. Either the commonly used flat paddle 
sampler or the round contact plate is suitable for surface monitoring in the 
compounding pharmacy. 
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The Purpose of 
Environmental 
Sampling 

The purpose of environmental sampling in 
the compounding pharmacy is to monitor the 
state of control of the cleanroom environ
ment. As we are most concerned with micro
bial contamination, microbial monitoring 
is the most direct measure of this control. 
However, microbial monitoring is inher
ently variable, and a single-day's samples 
may be subject to enormous variability.1-5 

This variability requires frequent sampling 
and trending of the data to identify when the 
facility is beginning to drift out of control. 

The most important consideration in 
determining how to design and execute an 
environmental monitoring program is to 
maintain its purpose clearly in mind. This 
purpose is to monitor the state of microbial 
control of the compounding area The U.S. 
Food and Drug Administration (FDA) made 
its expectations clear in the 2004 Aseptic 
Processing Guidance document in section 
XAl, where it is stated6: 

In aseptic processing, one of the most 
important laboratory controls is the 
environmental monitoring program_ 
This program provides meaningful 
information on the quality of the aseptic 
processing environment (e.g., when 
a given batch is being manufactured) 
as well as environmental trends of 
ancillary clean areas. Environmental 
monitoring should promptly identify 
potential routes of contamination, 
allowing for implementation of correc
tions before product contamination 
occurs (211.42 and 211.113). 

The issue of sufficient environmental 
monitoring is one of the most frequently 
cited topics in FDA inspections of the com
pounding pharmacy.7-9 

An effective environmental monitoring 
program for a compounding pharmacy pro
ducing compounded sterile preparations 
(CSPs) should therefore involve regular 
sampling of both air and surfaces to permit 
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this data trending.10 Recently released draft 
guidance for 503B Outsourcing Facilities11 

requires daily monitoring, although FDA's 
draft guidance on 503A facilities is silent on 

this point.12 

United States Pharmacopeia (USP) < 797> 

is not in complete agreement with the 503B 

expectations, stating13: 

Environmental sampling shall occur as 
part of a comprehensive quality manage

ment program and shall occur minimally 

under any of the following conditions: 

• as part of the commissioning and 

certification of new facilities and 

equipment; 
• following any servicing of facilities 

and equipment; 

• as part of the re-certification of 
facilities and equipment (i.e., every 

6months); 

• in response to identified problems 
with end products or staff technique; 

• or in response to issues with CSPs, 
observed compounding personnel 

work practices, or patient-related 

infections (where the CSP is being 

considered as a potential source of 

the infection). 

USP Chapter <797> then goes on to refer
ence USP Chapter <1116> for further infor
mation. Chapter <1116> is at odds with the 

bulleted list above, as are the FDA expecta

tions, both of which expect a frequent sam

pling plan and trending of data. Hopefully, 

this discrepancy will be resolved soon. 
However, it is clear that whether a 503B or 
503A compounding pharmacy, the modem 

compounding pharmacy is expected to have 

a suitable environmental-sampling program 

in place. 
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Environmental Sampling 

Given the importance of this question, the 

current study was undertaken to specifically 
compare the suitability of different devices 
for use in surface sampling in the compound
ing pharmacy. 

The Sampling Devices 
The sampling devices most commonly 

used are contact plates and flat paddle sam
plers, both of which rely on agar-growth 

media projecting above the device. The agar 
is pressed onto the surface to be sampled 

and microorganisms adhering to the agar 

surface are captured for subsequent growth 

and analysis. This process can be thought 
of under the general mechanism of"agar 

transfer" of organisms from the flat surface. 

USP <797> does not mandate the use of a 

specific device, stating only that "The size 
of the plate to be used for each sampled 
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location usually ranges [italics added for emphasis] from 24 to 
30cm2."13 

The flat paddle sampling devices have been in use for many 
years for a variety of purposes.14-17 Their use in pharmaceutical 
cleanrooms is well established, 6•18 as is the use of sampling paddles 
and contact plates in compounding pharmacies.19-21 In fact, recent 
surveys show they are currently in widespread use in the pharmacy 

environment.19•20 

Flat paddle sampling devices have been shown to be equivalent 
in efficacy to the round contact plates. In a pair of studies by Salo's 
group at the VTT Technical Research Centre ofFinland,22

•
23 the 

efficacy of the rectangular flat paddles, circular contact plates, and 

swabbing methodology was studied. 
The first study22 was a collaborative effort among 12 sites evaluat

ing total aerobic microbial recovery using Soybean Casein Digest 
Agar as the recovery medium (see discussion of media below). This 
study compared the Hygicult TPC dipslide (a flat paddle sampler 
marketed by Orion Diagnostica) against contact plates and swabbing. 
The challenge used stainless steel surfaces artificially contaminated 
with different microbes at various levels. The Hygicult TPC dipslide, 
contact plate, and swabbing methods gave similar results.22 

Microbial Contamination Testing for CSPs 
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The second study23 was a similar collaborative study, but in this case 
with Enterobacteriaceae to compare Hygicult E dipslides with violet 
red bile glucose agar (VRBGA) contact plates and swabbing. They used 
stainless steel surfaces to determine recovery of enteric bacteria The 
results of this sudywere the same as in the Salo 2000 study-no signif
icant differences were seen in the recovery of the challenge organism 
between the sampling methods. Finally, the flat paddle devices are by 
far the most commonly used surface sampling devices in compound
ing pharmacies over the past years, as determined by independent 
surveys.19,20 

In this study, we looked at more detailed methods of comparison 
between the different devices and at the effect of aging on the nutritive 
capabilities of the media. It is important to remember that the differ
ent devices use identical media, and so could reasonably be expected to 
perform similarly in microbial growth promotion (nutritive) capabili
ties and in sampling efficiency. However, there is little recent data to 
support this assumption. This study looks in detail at these questions. 

Materials and Methods 
A pair of controlled studies was performed at a Current Good 

Manufacturing Practices (cGMP) laboratory with the purpose of: 

1. STUDY #1: Comparing each device's CEnviroTest and contact plate) abil

ity to lift and grow dried microbes from typical compounding surfaces. 
This test is based on designs described in USP <1072>24 to determine 

sampling efficiency of surface sampling methods; and, 
2. STUDY #2: Evaluating the nutritive properties of each device's media 

component. This study was designed to stress the ability of the 

EnviroTest screw-cap package to maintain the nutritive agar by compar
ing aged EnviroTest to fresh control media. This study was designed on 
well-established methods described in USP <71>,25 USP <61>,26 and by 

Weenk.27 

Testing Summary 
TEST SPECIES 

1. Bacillus subtilis A TCC 6633 NCTC 10400 
2. Staphy/ococcusaureus ATCC 6538NCTC10788 
3. Pseudomonas aeruginosa ATCC 9027 NCTC 12924 
4. Candida albicans A TCC 10231 NCTC 3179 
5. Aspergi//us brasiliensis A TCC 16404 NCTC 2275 

These challenge organisms were chosen as well-controlled index 
organisms, commonly used in USP testing for different quality tests. 
Test species were prepared from BioBall inoculation products, a precise 
quantitative inoculum patented and manufactured by Biomerieux. The 
BioBall product uses a flow cytometer to dispense individual cells and 
count them in each inoculum, resulting in a very precise number of cells. 

DEVICES 
1. ENVIROTEST TRYPTIC SOY AGAR PADDLES: Contains tryptose, yeast 

extract, dextrose, agar. lecithin, and polysorbate 80 (lots 1556804, 
1564724, 15790764) 
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2. ENVIROTEST MALT EXTRACT AGAR PADDLES: Contains malt agar, 

yeast extract, dextrose, lactic acid, ant ibiotics, agar, lecithin, polysor

bate 80, histidine, and thiosulfate (lot 1562027) 

3. EMO MILLIPORE TRYPTIC SOY AGAR CONTACT PLATES: Contains 
tryptose, yeast extract, dextrose, agar, lecithin, and polysorbate 80 

(Lots 123051, 122852, 125136) 

4. EMO MILLIPORE MALT EXTRACT AGAR CONTACT PLATES: Contains 
maltose, dextrin, glycerol, peptone, agar, lecithin, and polysorbate 80 

(Lot 1331518) 

These devices are widely employed for surface monitoring in the 
industry. Each is commonly available, filled with the recognized 
microbial growth media Trypticase (Tryptic) Soy Agar28 and Malt 
Extract Agar29• Commercially sourced sampling devices were used 
in this study. 

PROCEDURE FOR STUDY #1: MICROBIAL RECOVERY 
FROM FACILITY SURFACES 

A diagrammatic overview of Study #1 is shown in Figure #1. Note 
that there are four populations for comparison-coupons (denoted 
"A," "B," and "C") sampled repeatedly with round plates, coupons 
sampled with the EnviroTest flat paddle, three coupons suspended 
in liquid for recovery, and an inoculum control. 

1. COUPON PREPARATION: 
a. Surfaces used in Study #1: 

i. Vinyl tile flooring material 

ii. Borosilicate glass 

iii. Stainless steel 

b. Materials were cut to 2 • 2 inch coupons. 

c. The steel and glass coupons were cleaned by rinsing with deionized (DI) 

water and sterilized in an autoclave. 

d. The vinyl coupons were cleaned by rinsing with DI water and sterilized in an 

ethylene oxide sterilization cycle. The coupons were allowed to aerate for 

4 days prior to testing. 

2. MICROBIAL INOCULATION: 
a. BioBall culture preparations were removed from freezer and allowed to 

equilibrate at room temperature prior to use. 

b. BioBall was transferred into the rehydration fluid, the cap was replaced, and 

the inoculum dissolved for 30 seconds. 

c. The resulting mixture was vortexed for 5 seconds or until Bioball was com

pletely dissolved and there was a visibly homogenous distribution. 

d. Nine replicates of each coupon type were placed in 9 individual petri plates. 

Three plates were labelled for Contact, 3 were labelled for EnviroTest, and 3 

were labelled for Control. 

e. Each of the replicate coupons was inoculated with 0.1 ml of 1.0 x 103 colony 

forming units (CFU) of prepared microbial suspension. The inoculum was 

spread evenly across the coupon, leaving approximately l/ 4 inch on the left 

and right side of the coupon free of inocula. 

f. A 10-ml phosphate buffered saline blank was simultaneously inoculated 

with 0.1 ml of 1.0 x 103 CFU. 

g. Inoculated coupons were dried in a 35°C to 39°C incubator with petri plate 

lids on. lnoculum was allowed to dry completely. 

3. ENUMERATION: 
a. Contact Plates: Surface of coupan was pressed with a contact plate, firmly 

enough so that the entire surface of the agar was in contact with the 
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coupon. Plate was held in this position for 5 seconds. Contact plate was 

removed and lid was replaced. Each tile was sampled an additional four 

times, with four fresh contact plates, so that an initial recovery percentage 

could be calculated from the five sequential samplings. 

b. EnviroTest: Surface of coupon was pressed with a paddle, and the paddle 

was gently rocked. The paddle was then flipped and the other side was 

pressed to the other half of the coupon. again slightly rocking the paddle. 

The paddle was removed from coupon and placed back in the tube. Each 

tile was sampled an additional four times, with four fresh paddles, so that 

an initial recovery percentage could be calculated from the five sequential 

samplings. 

c. Control Tile: Inoculated coupon was placed in whirl pack bag with 10 ml 

phosphate buffered saline. The coupon was thoroughly massaged through 

the bag to dislodge all inoculum from coupon. The resulting phosphate 

buffered saline was passed through a 0.45-micron filter. Filter was placed 

on TSA+ for bacteria and MEA+ for fungi. This sample was assumed to 

represent 100% recovery of all surviving microorganisms on the tiles and 

controlled for loss of microorganisms by dessication.30 

d. Bacterial plates were incubated at 30°C to 35°C for 3 days, fungal plates 

were incubated at 20°C to 25°C for 5 days, and CFUs were counted. 

4. CALCULATIONS: 
a. The "Percent Recovery" was determined by a variation of the "Recovery to 

Exhaustion" method where the initial number of CFU recovered from the 

coupon is used to estimate recovery efficiency by comparison to the total 

number of CFU recovered from multiple samplings of the same surface. This 

was expressed as: 

Percent Recovery = ~~-Sa_m~~-e_#l~cfu~~~~~~~xlOO 
Total Recovered cfu (Samples #1 - #5) 

b. The comparative recovery of a device for a specific material was determined 

by comparison to an untreated control tile. This was expressed as: 

Comparative Recovery = Contact Device cfu x 100 
Control Tile cfu 

PROCEDURE FOR STUDY #2: COMPARING NUTRITIVE 
QUALITY OF TWO DEVICES 

The basic design for this study was suggested by Weenk, who 
noted the utility of the "Most Probable Number" (MPN) in growth 
promotion style studies.27 This method is a statistical comparison 
ofreplicate sample dilutions expected to contain very low numbers 
of microorganisms and, for this purpose, is more accurate than 
plate-count estimates. By comparing derived MPN values from 
comparative media inoculated with identical microbial dilutions, 
any variation between the derived MPN must be due to the nutritive 
capabilities of the media being compared. The procedure followed 
in this study is diagrammed in Figure 2 and described below: 

1. CONTROL MEDIA USED IN STUDY #2: 

34 

a. Tryptic Soy Agar Plus Neutralizers (TSA+) Control Plates: Contains tryptose, 

yeast extract, dextrose, agar, lecithin, and polysorbate 80. Prepared by the 

testing laboratory from a commercial blend. 

b. Malt Extract Agar Plus Neutralizers (MEA +)Control Plates: Contains malt

ose, dextrin, glycerol. peptone, agar, lecithin, and polysorbate 80. Prepared 

by the testing laboratory from a commercial blend. 
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FIGURE 1. Study #1 for determination of microbial 
recovery from facility surfaces. 

Inoculate each coupon with 0.1 ml of inoculum 
lnoculum 

Contact Plate Trial Paddle Trial Coupon Control Control 

111111 111111 ~~~ a ••• ---
j ••• ---••• --- l l l ••• ---••• ---Round Plates Flat Plates Membrane Membrane 

Filtration Filtration 

Incubate Contact Plates. Paddles, and Pour Plates 

Count Colony Forming Units (CFU) 

2. FIVE REPLICATES DEVICES (CONTACT PLATES AND PADDLES) were 

labelled for each organism and each dilution: 101, 10°. 10·1, 10-2. and 10·'. The 

media used for these replicates were TSA+ for bacteria and MEA+ for fungi. 

3. CONTACT PLATES: Contact plates were aged prior to initiation of the 

study; TSA plates were stored at 30°C to 35°C for 3 days and MEA plates were 

stored at 26°C to 30°C for 5 days. Using a sterile micropipette. two (2) 50 mcl 

aliquots of the 1000 CFU/ml standardized culture of a test species were inocu

lated to the agar surface of the contact plate. Immediately after inoculating, 

the inoculum was aseptically spread around the entire agar surface. The lid was 

replaced, and the process was repeated for the other dilutions. 

4 . ENVIROTEST: EnviroTest paddles were aged prior to initiation of the study; 

TSA paddles were stored at 30°C to 35°C for 3 days, and MEA paddles were 

stored at 26°C to 30°C for 5 days. Using a sterile micropipette, 50 mcl of the 

1000 CFU/ml standardized culture of a test species was inoculated to one 

side of the EnviroTest paddle. Immediately after inoculating, the inoculum was 

aseptically spread around the entire agar surface of that side of the Enviro Test 

paddle. 50 mcl of the 1000 CFU/ml standardized culture was then inoculated 

to the other side of the paddle and evenly distributed across the surface. The 

paddle was replaced inside the tube and the screw cap was closed. This pro

cess was repeated for the other four dilutions. 

5. CONTROL PLATES: Using a sterile micropipette, 2 x 50 mcl of the 1000 

CFU/ml standardized culture was delivered to the agar surface. and the inocu

lum was aseptically spread around the entire surface of the agar. The lid was 

replaced. and the process was repeated for the other four plates. 

6. MOST PROBABLE NUMBER SCORING AND CALCULATION: 
a. Each plate that had growth was scored as positive ("1"). regardless of the 

number pf CFU seen on the device. 

b. Each plate that had no growth was scored as negative ("0"). 

c. The number of positive plates was totaled for each dilution. 

d. When calculating MPN values, the intent is to find a 3-dilution sequence to 

match to an MPN chart. If the lowest dilution resulted all in zeroes. it was 

discarded. If the highest dilution results all in fives, the next dilution down 

was used. 
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FIGURE 2. Study #2: Procedure for comparing nutritive 
quality of two devices. 
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e. Conversion of growth totals to MPN values were derived from FDA's BAM 

Chart." MPN values were corrected for the dilution level, understanding that 

the first 100 mcl delivery is a 10-1 dilution of the original sample. 

Results and Discussion 
STUDY #1 RESULTS 

As shown in Table 1, the exhaustive recovery data clearly demon
strate that the contact plates and EnviroTest paddles are compara
tive methods for determining microbial populations on surfaces, 
and only a fraction of the population is actually recovered from any 
surface using either device on the first pressing. This is an impor
tant point to remember when setting Alert and Action Levels for 
an environmental monitoring program, as the counts achieved are 
meant to be relative to one another and then trended over time; they 
do not represent an absolute value of microbes on a surface. The 
exhaustive recovery efficiency is similar on both devices across 
material types, with vinyl flooring showing the worse initial recov
ery, and the smooth surfaces of glass and steel offering a better 
opportunity for high recovery. 

Environmental Sampling 

Table 2 demonstrates that Bacillus spores are the ideal test subjects 
to compare counts between products. They are ubiquitous, airborne, 
and desiccant resistant, alleviating concern oftest species viability 
during drying cycles. In fact, comparative counts utilizing plate count 
methods were attempted with vegetative cells, but the results were too 
variable to make any conclusions. We believe the variability was due to 
the impact of drying on vegetative culture viability between sampling. 

Regardless, when counts of a dried Bacillus inoculum recovered 
from a surface monitoring device are compared to those recovered by 
vigorous washing and rinsing, it is clear, once again, that not all sur
face contaminants are picked up by the agar press on the :first pass by 
either device. The two devices are equivalent in their ability to recover 
dried spores from compounding surfaces. Repeating the trend wit
nessed in the exhaustive recovery trial, recovery efficacy in general is 
better from steel and glass surfaces than from vinyl tile, again under
scoring the importance of frequent monitoring and trending similar 
over time since 
actual recovery is 
a relative and not 
absolute number. 

STUDY#2 
RESULTS 

The growth of 
microorganisms in 
the different dilu
tions from identical 
inocula was scored 

TABLE 2. Percent Recovery of B. 
Subtilis Spores from Various 
Surfaces as Determined by 
Comparison to a Control Tile. 

BACILLUS SUBTILIS 

CONTACT 
SURFACE ENVIROTEST PLATE 
Vinyl 27% 21% 

Glass 55% 31% 

Steel 53% 33% 

as "+growth" or " - growth" under the different conditions. These 
growth patterns were then used, in conjunction with the FDA's Most 
Probable Number tables29 to determine the most probable number 
of cells producing those results, and the 95% confidence intervals 
around those numbers. The treatments were considered equivalent 
ifthe 95%-confidence intervals overlapped, showing each treatment 
capable of supporting equivalent growth. All treatment groups were 
equivalent by this measure for all challenge organisms (see Figure 3). 

Growth Promotion Discussion 
As shown in Figure 2, a CFU is not always a discreet unit and may 

not represent a single microbial cell or spore. Clumping microbes, 
fungal ultrastructures, and microbes caught in reproduction would 

all present as a single 

TABLE 1. Percent Recovery of Test Species from Various Test Surfaces as Determined by CFU, even though they 
are in fact several cells. 
The ability to suspend 
dilute quantities of 
single microbes in small 
volumes makes low-level 

Exhaustive Recovery. 
BACILLUS SUBTILIS 

SURFACE ENVIROTEST CONTACT 
PLATE 

Vinyl 32% 24% 

Glass 61% 42% 

Steel 43% 35% 
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CANDIDA ALBICANS 

ENVIROTEST CONTACT 
PLATE 

33% 33% 

94% 88% 

84% 88% 

STAPHYLOCOCCUS AUREUS 

ENVIROTEST CONTACT 
PLATE 

36% 22% 

71% 43% 

64% 52% 

inoculation an inher
ently variable exercise. 
MPN analysis allows 

International J ournal of Pharmaceutical Com pounding 
Vol. 19 No.11 January February 2015 35 



Environmental Sampling 

for a statistical calculation of high- and low
confidence interval for each count and offers 
a good alternative to standard plate count 
methods by giving confidence intervals in 

the results. 29 

FIGURE 3. Graphic representation of growth promotion by Most Probable 
Number. 

In our growth promotion studies, 
EnviroTest and contact plates MPN con
fidence levels overlapped each other and a 
fresh nutrient agar plate. While the absolute 
number may seem trivially higher in one or 
the other sampling device, these differences 
are not statistically significant. The aged 
EnviroTest, Contact Plates, and fresh con
trol plates all show the same growth promo

tion ability. 

Conclusion 
The data generated from these studies 

verify that the EnviroTest paddle is as effec
tive as conventional contact plates as an 
environmental monitoring tool (see Table 3). 
The flat paddle device is widely used in the 
compounding pharmacy for environmen-
tal sampling of surfaces, according to USP 

<797>, and offers some distinct advant ages 
in terms of shelf-life stability and sampling 
"ease of use" in comparison to round devices 
containing the same microbial growth 
media Laboratory studies demonstrated 
equivalence in growth promotion and sam
pling efficiency between traditional round 
"contact plates" and the "flat paddle" sam
plers. Either device is suitable for environ
mental sampling and compliant with current 
regulatory requirement s. 
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TABLE 3. Data Verification that the EnviroTest Paddle 
is as Effective as Conventional Contact Plates as an 
Envirorunental Monitoring Tool. 

ENVIROTEST 
VERSUS 

EQUIV ALEN CY TEST ORGANISMS CONTACT PLATE 

Recovery of dried inocula Gram positive cocci Equivalent 

from compounding surface Yeast Equivalent 

coupons by an exhaustive Bacterial Spores Equivalent 

recovery method 

Recovery of dried spores from Bacterial Spores Equivalent 

compounding surfaces versus a 

rinsed and plated sample 
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