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Abstract

The objective of this study was to determine, during one
summer, the extent of temperature and humidity variations
to which drugs moving through mail-order distribution may
be subjected. In order to record temperatures and hu-
midities experienced by packages during mail-order dis-
tribution, indicator-assisted temperature and humidity
monitoring devices were packaged and shipped to different
parts of the country. Upon return of the packages, the
mean kinetic temperature (MKT) was calculated. Results
of the study show that only 8.4% of the packages experi-
enced temperature variations within the excursions allow-
able under the USP definition of controlled room tem-
perature. The remaining packages were exposed to
temperatures above the accepted excursion range. Results
obtained also show that, while 65.5% of the packages ex-
perienced warm (30° to 40°) conditions during shipment,
the remaining 26.1% experienced excessive heat (above
40°) conditions. Additionally, MKT calculations show that
31.1% of the packages had MKT values above 25.0° for
periods of 19 to 21 days. Significant spikes in relative
humidity also were experienced. The study demonstrates
the need for a standard definition of "spike" for cautionary
labeling, and a possible need for requiring that temperature
devices accompany selected medications.

Introduction

The genesis and maintenance of standards for high qual-
ity in all USP drug substances and dosage forms is a con-
tinuous activity of the USP Committee of Revision. Dur-
ing the 1990-1995 revision cycle, the Subcommittee on
Packaging and Stability was successful in establishing a
new definition for controlled room temperature that in-
corporates the concept of mean kinetic temperature for
use in specifying appropriate temperature exposure. There
have been informal reports to USP about temperature ef-
fects on Pharmaceuticals that have been mailed. At its
1995 Quinquennial Meeting, the United States Pharma-
copeial Convention adopted Resolution 10, which directed
the Committee of Revision to investigate conditions of
shipment, distribution, and storage with respect to their
effect on the quality of Pharmaceuticals.

'Claudia C. Okeke is a Senior Scientific Associate, USP Division
of Standards Development, and staff liaison to the Subcommittee
on Packaging, Storage, and Distribution (PSD); Leonard C. Bailey
is a member of the PSD Subcommittee; Thomas Medwick is
Chairman of the PSD Subcommittee; and Lee T. Grady is Vice
President and Director, USP Division of Standard Development.
Requests for information should be addressed to Dr. Okeke.

The rate and extent of degradation of a drug are both
affected by temperature changes; and for many drugs the
rate of degradation is a first-order process, at least for
initial portions of the reaction. Chemical degradation due
to solvolysis, hydrolysis, photolysis, and oxidation can be
triggered by elevated environmental temperatures. As dos-
age forms in shipping packages are transported from mail-
order pharmacies to individual homes or mailboxes, any
physical change caused by temperature or humidity ex-
tremes may be observed through visual inspection of the
dosage forms. The factors that may affect the stability of
the drug or drug product during shipment include the types
of packaging, the types of dosage forms, and variations in
weather conditions at distribution sites. The USP general
chapter Pharmaceutical Dosage Forms (1151) (2) defines
stability as the ability to maintain the physical and chem-
ical integrity of the dosage form throughout its specified
shelf life. The stability parameters of a dosage form can
be influenced by environmental conditions that can be con-
trolled, such as temperature, humidity, light, and air. El-
evated temperatures may be defined as temperatures that
fall outside the "controlled room temperature" storage con-
ditions and are referred to as either "warm" or "excessive
heat" temperature conditions. The General Notices in USP
23 define "warm" as any temperature between 30° and
40° and "excessive heat" as any temperature above 40°.
An expiration date for a dosage form is applied under
manufacturer-specified storage conditions or under storage
conditions described in the General Notices (2). The stor-
age conditions specified in the USP monograph are to be
respected throughout the shelf life and shipment of the
article, which includes mail-order distribution.

The relationship between controlled room temperature
and mean kinetic temperature for storage and distribution
of pharmaceutical articles is highlighted in the section on
Storage Temperature in the General Notices (2) and in
the section on Stability in the general chapter Pharma-
ceutical Dosage Forms (/), and also in relation to the sta-
bility guideline prepared by the International Conference
on Harmonization (ICH) and included in USP 23 as the
general information chapter The Stability Testing of New
Drug Substances and Products—The Tripartite Guideline
(1196) (5).

Controlled room temperature is defined as a "temper-
ature maintained thermostatically that encompasses the
usual and customary working environment of 20° to 25°
(68° to 77°F); that results in a mean kinetic temperature
calculated to be not more than 25°; and that allows for
excursions between 15° and 30° (59° and 86°F) that are
experienced in pharmacies, hospitals, and warehouses" (2).
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Mean kinetic temperature is defined as a "single calculated
temperature at which the degradation of an article would
be equivalent to the actual degradation that would result
from temperature fluctuations during the storage period.
It is not a simple arithmetic mean" (/). Bailey and Med-
wick (4) have demonstrated a relationship between MKT
and arithmetic mean temperature. The calculated arith-
metic mean temperature was shown in their study to be
lower than the calculated MKT. Even though the values
remained close, Bailey and Medwick concluded that the
arithmetic mean should not be used in place of MKT.

The MKT is calculated from average storage temper-
atures recorded over a one-year period. Average temper-
ature may be determined from monitoring devices or cal-
culated as the arithmetic mean of the highest and lowest
temperatures attained, as measured during the observation
period. The mean kinetic temperature, Tk, is calculated
by equation 1:

„, &H/R

- / „ e~AH/RT]

in which AH is the heat of activation, 83.144 kJ 'mole"1;
• R is the universal gas constant, 8.3144 X 10~3 kJ • mole"'
• degree"1; T] is the average storage temperature during
the first time period; T2 is the average storage temperature
during the second time period; and Tn is the average stor-
age temperature during the «th time period, n being the
total number of average storage temperatures recorded
during the observation period, all temperatures (7) being
absolute temperatures in Kelvin (K) (/).

The definition of controlled room temperature, when
applied to articles in shipment, limits the permissible ex-
cursions or short-term spikes to those consistent with the
maintenance of an MKT calculated to be not more than
25°. The use of equation 1 to calculate the MKT during
shipment and distribution involves applying the arithmetic
mean of the highest and lowest temperatures attained each
day during the observation period, as recorded by a tem-
perature-monitoring device.

Experimental Data

Equipment—
A personal computer equipped with Excel software ca-

pable of calculating MKT was used.
ELECTRONIC INDICATORS—Electronic indicators used

in this study are available for either single or multiple use.
TempTale 3 (Sensitech, Inc., Beverly, MA), upon ac-

tivation, is capable of recording temperatures (—30° to
85°) at programmable intervals during shipping. Data are
downloaded to a PC for viewing and analysis with TempTale
software. TempTale H (Sensitech, Inc., Beverly, MA),
upon activation, is capable of recording temperatures (4°
to 85°) and humidity (20% to 90%) at programmable in-

tervals during shipping. Data are downloaded to a PC for
viewing and analysis with TempTale software.

The Cox Lynx (Cox Recorder, Belmont, NC), once ac-
tivated, is capable of recording temperature at program-
mable intervals during shipping. The recorder is connected
to a PC and data are retrieved for viewing and analysis
with Lynx software.

CHEMICAL INDICATORS—Chemical indicators used in
this study are available for single use and may require
preconditioning.

The bar-coded label with time-temperature indicator
(TTI) (Life Line Technology, Inc., Morris Plains, NJ) must
be preconditioned (under super-cold conditions or at nor-
mal freezer temperatures) prior to use. The TTI indicator
is activated by temperature; therefore, no activation step
is necessary. Upon activation, it undergoes a chemical
reaction that causes color change as the reaction pro-
gresses. The indicator reflectances are measured with a
color reflection densitometer.

The MonitorMark (3M, St. Paul, MN) does not require
preconditioning. The indicator is activated by changing
color to blue when the threshold temperature (34° or 42°)
is exceeded. Continued exposure to temperatures above
the threshold temperature causes more intense a color
change (darkened blue).

Procedure—
This study was conducted between the months of June

and August 1996. Chemical and electronic indicators used
in this study are capable of determining the exposure con-
ditions and recording the length of exposure to a particular
temperature. The indicators were mailed from USP head-
quarters to different parts of the United States represent-
ing the climatic zones of interest; these include one or more
areas in each of 32 states and the District of Columbia.
Figure 1 shows a schematic representation of the study.

Brown envelopes, each containing one activated elec-
tronic indicator, up to four chemical indicators with dif-
ferent temperature endpoints, a questionnaire, a bar-coded
label with time-temperature indicator, and a return en-
velope, were sent by regular (first class) mail from USP
headquarters (site A) to participants in different areas, as
noted above. Participants in the study at site B (see Figure
1) retrieved the devices, reactivated them according to
instructions provided to them, and returned them by reg-
ular (first class) mail to site A. At site A, the retrieved
packages were again reactivated and immediately for-
warded to site C, where a final reading was made and data
were downloaded. The number of days for each of the
packages to complete its trip varied from about 4 days to
75 days.

EVALUATION OF MAILED INDICATORS—Upon arrival
of the packages at site A and prior to being mailed to site
C, indicators were physically examined and observations,
such as color changes of the chemical indicators, if any,
were recorded. Observations of physical changes during
trips of each of the packages are presented in Table 1.
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Results and Discussion

Humidity Variations—
A TempTale H electronic indicator capable of recording

humidity and temperature was used to observe the hu-
midity changes that occurred during some of the trips.

Although the average relative humidity experienced
during some of the trips is shown in Table 1, column H,
it is felt to be appropriate to present the low and high
humidity values, as seen in Table 2, to indicate more fully
the conditions experienced. Almost all the high values
exceed the MKT-related 60% RH in the ICH stability
guideline (see The Stability Testing of New Drug Sub-
stances and Products—The Tripartite Guideline (1196))
(3).

The highest mean relative humidity recorded, 61.9%,
was observed between July 22 and August 7 on the mail
trip from USP headquarters in Maryland to Piscataway,
New Jersey. The environmental relative humidity re-
ported by the participant at that point was around 75%.

Because drug degradation may depend not only on the
temperature but also on humidity, the effect of humidity
on a dosage form may be observed in situations where
mailing packages are not protected from humidity. Hu-
midity within a particular package and the length of time
that the package is in transit also play a significant role
in the decomposition or alteration of the integrity of the
product. The extent of decomposition may be directly pro-
portional to the time that it takes for the package to reach
its destination. Thus, to maintain the integrity of the prod-
uct, a 4-day shipping time would be more favorable than
a 19-day time under similar conditions.

Earlier studies by Taborsky-Urdinola et al (5) demon-
strated a correlation between the physical properties of the
pharmaceutical article and the moisture barrier of its pack-
aging. Alteration in dissolution characteristics of dosage
formulations of a similar lot can result from packaging and
storage variations, and from some climatic conditions. In
the case of prednisone tablets that were studied, the dis-
solution rate was found to be affected greatly when tablets
were exposed to high temperature and humidity. At con-
ditions above 22° and 75% RH, the permeability of the
container was found to become a critical factor that could
accelerate the rate of physical deterioration. This led the
authors to conclude that, under environmental conditions
of increased temperature and increased humidity, other
known physical and chemical factors can increase per-
meation.

Temperature Variations—
It is well known that most drug products are affected

by temperature and, in most cases, even more so if hu-
midity is involved. The temperature variations—minimum
and maximum—recorded during the distribution of these
packages, the average temperatures, and the MKT values
calculated for each trip are given in Table 1, columns I,
J, K, L, and M.

The MKT was calculated in two ways. The Overall
MKT (Table 1, column J) was obtained by taking all tem-
peratures for each day during the trip and applying equa-
tion 1. The Hi-Lo MKT (Table 1, column K) was obtained
by taking the average of the highest and the lowest tem-
peratures of each day of the trip and applying equation 1.
As is seen from the table, the Overall MKT is almost
always lower than the Hi-Lo MKT. Table 1, column I,
shows that the average temperature (arithemic mean) is
always lower than the mean kinetic temperature. This
finding agrees with the observation of Bailey and Medwick
(4) on the relationship between arithmetic mean and MKT.

The differences in MKT from data calculated according
to the Overall MKT method and Hi-Lo MKT methods are
displayed in Table 3. The average difference is less than
5%. In most instances, the MKT values are within 5% of
one another. The lowest calculated difference is 0% and
the highest calculated difference is 8.46%. The differences
in values are less than 1°.

Table 3, column C, shows MKT values for 25 trips cal-
culated by taking the highest and the lowest temperatures
of each day of the trip and applying equation 1. It is clear
from the calculation that this method yields much higher
values than the Hi-Lo MKT and the Overall MKT meth-
ods.

A review of the temperature variations recorded (Table
1, column M) between June 27 and July 16, 1996, shows
for Trip 38 a maximum observed temperature of 63.3°.
The Overall MKT is 23.77°, while the Hi-Lo MKT is
25.99°, which does not conform to USP requirements. It
was also observed that, although in most cases the daily
maximum temperatures exceeded 30°, thereby failing to
conform to excursion limits allowed by USP, the calculated
MKT does not exceed 25°. The data show that most of
the packages were exposed during shipment to variations
in temperatures that were not within the defined temper-
ature range for USP controlled room temperature. Black
and Layloff {6) observed a maximum mailbox temperature
of 58° in a four-month summer study. This led them to
conclude that precautions should be taken in mailing ther-
mally labile pharmaceutical articles in the summer.

The highest temperatures that qualify as excessive heat
(according to USP definition) to which the brown envel-
opes were subjected during each trip and the durations of
time at those temperatures are shown in Table 4. The
maximum time at any temperature did not exceed 30 min-
utes; however, taking the maximum temperature of 63.3°,
the overall time for the temperature to rise from 30° to
63.3° and then return to 30° may range from 1 to 6 hours,
depending on the heat of the area. Graphic representations
of some of these trips are shown in Figures 2—6. Figure
2 shows the temperature variations during the trip from
USP to Piscataway and back. The temperature spikes that
occurred during the trip on July 9 and on July 13 are
evident from Figure 2. The temperature spikes peaked at
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63.3° but most fluctuated between 47° and 23°. Figure
3 shows that the highest temperature spike attained during
this trip occurred on July 1; however, other temperature
fluctuations were well below 40°. Figure 4 is a graphic
demonstration of the humidity and temperature variations,
the top graph representing the humidity and the bottom
graph, the temperature. The two graphs appear to be ap-
proximately superimposable, which shows that tempera-
ture spikes were accompanied by a rise in relative humid-
ity. Figures 5 and 6 also support this finding. These data,
therefore, lead to the conclusion that temperature spikes
during shipping may occur with a corresponding humidity
rise.

The MonitorMark labels are one of two chemical indi-
cators used in the study. These labels indicate either 34°
or 42° temperature thresholds. Any exposure above the
threshold temperatures will cause the indicators to turn
blue (positive) and continued exposure to temperature re-
sults in a more intense color change.

Table 5 shows the results of such color changes recorded
by chemical indicators from site A to site B and back to
site A. Table 4, Line 1, shows that during the trip from
site A to site B, the package temperature exceeded 34°
(positive) but did not reach 42° (negative). On the other
hand, during the return trip from site B to site A, the
indicator displayed color changes at 34° (positive) and at
42° (positive). While the actual temperature encountered
could not be recorded, the MonitorMark could detect tem-
perature spikes.

The other chemical indicator used in the study is the
TTI bar-coded label with time-temperature indicator. The
TTI is a label with a special time- and temperature-sen-
sitive polymer surrounded by a printed endpoint reference
ring. The polymer center gradually deepens in color to
reflect cumulative time and temperature exposure. The
polymer color changes faster with a rise in temperature.
The time and temperature are determined with a densi-
tometer that provides the data to determine the MKT.
Table 6 shows a comparison of the MKTs calculated from
data obtained with chemical indicators and electronic in-
dicators from areas within the different climatic zones of
the United States. The largest observed difference be-
tween the two indicators is 18.2% and the smallest is 1.5%.
The data from chemical indicators show that 80% of the
packages have an MKT greater than 25°. On the other
hand, the data from electronic indicators show that about
33% of the packages have an MKT greater than 25°.

The data clearly show that most of the packages did not
comply with the USP requirement for controlled room tem-
perature. It was observed that these packages were ex-
posed to temperature spikes during the shipping period,

although the effect was not pronounced as these spikes
were not sufficient to alter the MKT to greater than 25°.

This study therefore demonstrates the existence of tem-
perature spikes during mail-order distribution. The USP
definition of controlled room temperature allows for ex-
cursions within the range of 15° to 30°; however, the MKT
is not allowed, at the same time, to be greater than 25°.
The MonitorMark indicators used in our study could detect
only the spike in temperature and not the duration of the
spike; however, the electronic indicators were able to de-
tect both.

Summary
This study provides a knowledge of the different con-

ditions experienced by packages during shipping and dis-
tribution, and also demonstrates that compliance with ac-
ceptable storage conditions is attainable. MKT can be
calculated for times during shipment and distribution. The
arithmetic mean should not be used in place of MKT to
establish temperature conditions during shipment. The oc-
currence of spikes in temperature and humidity has been
determined. Packages need to be protected from humidity
because a rise in humidity may occur under conditions of
spikes in temperature. Although some of the packages that
experienced temperature spikes above 30° show an MKT
value of less than 25°, USP's criteria for controlled room
temperature were not met. Spikes in temperatures, on a
particular day, lasted up to 30 minutes; however, cumu-
lative time for temperatures to reach the high temperature
and then return to a temperature of less than 25° may be
up to 6 hours. Thus, a temperature spike may be defined
by USP in the future either as the exposure of an article
to temperatures over 30° for a cumulative time period
sufficient to cause a change in the color of a chemical
indicator but not to alter the MKT of 25° of an electronic
indicator, or as the exposure to "warm" temperature con-
ditions for a cumulative time period but not to exceed the
calculated MKT of 25°. A temperature spike does not
allow exposure to excessive heat conditions even if the
calculated MKT does not exceed 25°; however, ICH ac-
celerated storage data may show this to be inconsequential
on a product-by-product basis.
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Figure 1. Schematic representation of study.

A = USP headquarters; B = Individual homes or mailboxes;
C = Data downloading sites: USP headquarters, Rockville, MD;
Sensitech, Inc., Beverly, MA; Cox Recorder, Belmont, NC; Life
Line Technology, Inc., Morris Plains, NJ.
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USP Temperature Study

TerapTale/3: Ambient Monitor Trip S/N 01125795 Monitor S/H 111160669

Start: 14:35 06/27/96
Point # 1 1825 of 1825 Points

End: 14:50 07/16/96
Point # 1825

Fig. 2. Graphic representation of data from trip from USP to
Piscataway, New Jersey, and back to USP, downloaded
from a TempTale 3. The temperatures and dates during
the trip are displayed.
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Fig. 3. Graphic representation of data downloaded from a
TempTale 3. The temperatures and dates during the
trip are displayed.
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USP Temperature Study

TempTale/3: Ambient+Humidity Monitor Trip S/N 00112993 Monitor S/N 462260038
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917 of 917 Points
End: 16:06 07/16/96

Point # 917

Fig. 4. Graphic representation of temperature and humidity
variations during a trip. The left side shows tempera-
tures, the right side, humidity, and the bottom, dates.
The top graph represents the humidities and the bottom
graph the temperatures. Data downloaded from a
TempTale H electronic monitor.
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Fig. 5. Graphic representation of humidity and temperature
variations during a trip. Data downloaded from a
TempTale H monitor.
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End: 16:18 07/16/96

Point #873

Fig. 6. Another graphic representation of humidity and tem-
perature variations during a trip. Data downloaded from
a TempTale H monitor.
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Table 1. Recorded observations of physical changes during the trips of each of the packages.

03oo
TJ
CD

IE
O
O

Trip*

1

2

3

4

5

6

7

8

9

10

11

12

1J

14

15

l i

17

IS

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

A

City

Alken

La Jolla

Morgantown

Columbus

Albuquerque

Matthews

Charleston

Candler

Nlskayuna (Schenectady)

Athens

Sullivan's Island

Lexington

Oklahoma City

Tucson

Hollywood

Greer

Mount Pleasant

Lakeland

Goose Creek

Newton Square

Dallas

Lexington

Birmingham

Summervllle

Myrtle Beach

Tucson

Stuart

Isle of Palms

Denver

West Lafayette

Dallas

Concord

Kentfleld

Nashville

Mount Pleasant

Charleston

Columbus

Plscataway

Omaha

Columbia

Wilmington

B

State

South Carolina

California

West Virginia

Ohio

New Mexico

North Carolina

South Carolina

North Carolina

New York

Georgia

South Carolina

Kentucky

Oklahoma

Arizona

South Carolina

South Carolina

South Carolina

Florida

South Carolina

Pennsylvania

Texas

Kentucky

Alabama

South Carolina

South Carolina

Arizona

Florida

South Carolina

Colorado

Indiana

Texas

Massachusetts

California

Tennesee

South Carolina

South Carolina

Indiana

New Jersey

Nebraska

South Carolina

North Carolina

C

J4VOut

pos

n*g

neg

neg

pos

pos

neg

pos

pos

pos

neg

pos

neg

pos

pos

pos

pos

p°» .
neg

pos

neg

neg

pos

pos

pos

pos

pos

n*g

n«g

pos

neg

neg

neg

pos

pos

pos

neg

neg

pos

pos

D

347Back

pos

pos

neg

neg

pos

pos

neg

pos

pos

pos

neg

pos

pos

pos

pos

pos

pos

pos

neg

pos

neg

pos

pos

pos

pos

pos

pos

neg

neg

pos

neg

neg

neg

pos

pos

pos

neg

pos

pos

E

42VOut

neg

neg

neg

« g

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

pos

pos

pos

neg

neg

neg

neg

neg

neg

pos

neg

pos

neg

neg

neg

neg

pos

neg

neg

neg

iwg

neg

neg

neg

neg

neg

neg

F

427Back

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

pot

pos

pos

neg

pos

neg

neg

neg

pos

pos

pos

neg

neg

neg

neg

pos

neg

neg

neg

neg

neg

pos

neg

neg

neg

pos

G

Dates

6/27-7/16

6/27-7/16

6/27-7/1

6/28-7/16

6/27-7/16

7/1-7/16

6727-7/16

6/27-7/16

6/27-7/16

6727-7/16

6/29-7/16

6/27-7/16

6/28-7/16

6/27-7/16

6/27-7/16

6/27-7/16

6/27-7/16

6/27-7/16

6727-7/16

6/28-7/16

6/28-7/16

6/27-7/16

6/27-7/16

6/27-7/16

6/27-7/16

6/27-7/16

7/10-7/16

7/01-7/16

6/28-7/16

6/28-7/16

6/27-7/16

6/27-7/16

6/27-7/1 6

6/27-7/16

6/28-7/16

7/1-7/18

6/27-7/18

II

Ave. •/. R1I

49.3

.

50.6

52

53.3

53.2

51.8

48.5

52.3

54.6

53.2

51.9

.

47.1

50.9

I

Ave. Temp. CO

25.8

23.3

23.2

23.9

24.1

24.9

23.1

23.2

23.1

24.4

22.87

24.4

23.7

24.1

24.6

23.7

24.1

23.9

24.5

23.2

24.1

23.1

24.1

24.5

23.8

24.2

23.5

23.6

23.9

23.6

24.1

24.3

24.1

22.8

23.8

24.4

24.85

J

MKT (*C) Ov/AII Temp.

27.52

23.62

23.44

24.74

24.52

25.52

23.27

23.38

23.31

25.36

22.96

25.12

24.18

25.26

25.72

24.9

24.77

24.7

25.49

23.85

24.61

23.7

24.99

26.13

24.15

24.96

23.66

23.89

24.25

23.75

24.97

24.89

24.79

23.77

24.16

25.26

25.93

K

MKT fC) Hl-Lo

27.66

24.23

23.6

25.33

25.22

25.68

23.76

23.7

23.97

25.79

23.45

25.66

24.77

26.05

25.96

25.01

25.19

25.46

26.04

23.77

25.09

23.94

25.33

26.38

24.48

25.64

24.13

24.15

24.83

24.1

25.18

24.97

25.44

25.99

24.49

25.44

26.23

L

Mln. Temp. (*C)

17.3

18.9

19.8

19.4

19.1

21.2

19.9

20.4

20.2

19.4

20.1

18.2

19.2

18.7

19.8

19.S

19.4

19

21.3

15.7

20.6

19.2

18.9

17.1

21

19.7

21.4

16.6

16.3

20.5

19.8

20.8

20

19.9

17.4

20.4

21.2

M

Max. Temp. f"C)

49.7

35.3

27.7

41.7

38.6

34.9

33.9

34

33.6

47.3

28.1

37.2

35

48.6

48.8

48

40.6

46.6

41.8

31.7

36.7

43.8

47.9

45.9

36.1

48.2

30.3

32.7

40.4

29.8

42.1

39.3

42.8

63.3

33

39.6

49.7
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{continued Table 1.)

©

l
O

2
9L
Oo

>3

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

6J

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Alexandria

Indianapolis

Manning

Klngsport

Paradise Valley

Cleveland

New Providence

Iowa CUy

Dallas

Ann Arbor

North Hollywood

Vienna

Athens

Laguna Beach

Portland

Charleston

Rouses Point

West Lafayette

Houston

Frederick

Winchester

Plscataway

Rouses Point

Raleigh

Augusta

Omaha

Tampa

Charleston

Hickory

Hickory

Chicago

Wilson

Plscataway

Mount Pleasant

SI. Louii

Gainesville

Greenville

Norcross

N. Charleston

West Point

East Windsor

Morrlsville

Research Triangle Park

Virginia

Indiana

South Carolina

Tennesee

Arizona

Ohio

New Jersey

Iowa

Texas

Michigan

California

Virginia

Georgia

California

Oregon

South Carolina

New York

Indiana

Texas

Maryland

Virginia

New Jersey

New York

North Carolina

Georgia

Nebraska

Florida

South Carolina

North Carolina

North Carolina

Illinois

North Carolina

New Jersey

South Carolina

Missouri

Florida

South Carolina

Georgia

South Carolina

Pennsylvania

New Jersey

North Carolina

North Carolina

neg

neg

neg

pos

n/a

n/a

n/a

n/a

pos

n/a

n/a

pos

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

po»

neg

neg

pos

pos

pos

neg

neg

neg

pos

neg

pos

pos

pos

neg

n/a

pos

neg

neg

neg

neg

neg

pos

n/a

n/a

n/a

n/a

neg

pos

n/a

n/a

pos

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

pos

pos

pos

neg

pos

pos

neg

pos

pos

pos

neg

n/a

pos

neg

neg

neg

neg

neg

n/a

n/a

n/a

n/a

neg

neg

n/a

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

pos

neg

neg

neg

pos

pos

neg

pos

neg

neg

pos

neg

neg

neg

neg

neg

n/a

neg

neg

neg

«*i

neg

neg

neg

n/a

n/a

n/a

n/a

neg

neg

n/a

n/a

neg

n«g

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

pos

pot

neg

pos

neg

pos

neg

neg

neg

pos

neg

n/a

neg

neg

7/1-7/18

t/28-7/18

6/28-7/29

6/27-7/29

6/27-8/7

7/22-8/7

7/22-8/7

7/24-8/7

7/24-8/7

7/22-8/7

7/22-8/7

7/22-8/7

7/22-8/7

7/24-8/7

7/24-8/7

7/22-8/7

7/24-8/7

7/22-8/7

7/22-8/7

7/24-8/7

7/24-8/7

7/24-8/7

7/24-8/21

7/24-8/7

7/24-8/7

7/24-8/7

7/24-S/2I

7/24-8/21

7/24-8/7

7/24-8/21

55.2

.

61.9

56.6

59.2

60.4

57

57.8

57.4

59.1

57.1

61

25.9

24

23.86

24.9

24.1

22.4

22.7

23.13

22.6

22.6

22.7

22.7

22.8

24.2

23.2

23.8

23.9

23.8

23

23.8

23.2

23.8

23.2

23.6

22.9

25

22.75

23.2

22.6

23.9

26.19

24.42

24.46

25.51

24.42

22.56

22.82

23.4

22.82

22.85

22.96

22.85

23

24.62

23.4

24.2

24.53

24.24

23.16

24.46

23.42

24.38

23.41

23.92

23.32

26.54

22.98

23.65

23.02

24.46

26.42

24.85

24.92

26.12

25.11

23.06

23.21

23.86

23.65

23.39

23.41

23.15

23.45

25.25

24.14

24.82

25.29

25.12

23.57

25.05

24.16

25.02

23.58

24.56

23.71

27.13

23

23.87

23.29

24.68

21.5

20.2

11.4

17.1

0.9

28.3

19.4

19.6

19.3

19.6

20.2

19.6

20.S

21.2

19.8

20.6

21.3

20.1

18.4

19

20.8

21.1

19.8

19.6

18.1

19.8

18.7

17.2

18.1

20.1

35.3

33.9

39.3

38.3

34.7

30.*

30.5

31.2

30.4

34.3

31.»

30.7

31.3

35.5

32.6

36.«

41.2

42.4

32

39.4

34.5

42.2

31.6

34.4

36.1

54.2

34.2

33.6

36.3

38.9

2£
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(continued Table 1.)
O5

CO

85

86

87

8t

98

91

91

9J

94

95

9(

97

91

99

100

101

102

103

104

105

10*

107

108

109

110

111

112

113

114

115

H i

117

118

119

120

121

122

123

124

125

126

127

128

Mount Pleasant

Research Triangle Park

Chapel Hill

Clayton

Wilmington

Richmond

Nutfcy

Pearl River

Maplewood

Houston

Pittsburgh

Irving

Mount Pleasant

Tucson

Richmond

Plscataway

Tucson

San Francisco

Miami

Washington

Durham

Baton Rouge

Birmingham

Abbott Park

Baton Rouge

Stoney Brook

High Point

Baltimore

Durham

St Petersburg

Columbia

St. Petersburg

Research Triangle Park

Greenville

Research Triangle Park

Irving

Zebulon

Wilmington

Research Triangle Park

Salt Lake City

Little Rock

Columbia

Salt Lake City

South Carolina

North Carolina

North Carolina

North Carolina

North Carolina

Virginia

New Jersey

New York

New Jersey

Texas

Pennsylvania

Texas

South Carolina

Arizona

Virginia

New Jersey

Arizona

California

Florida

D.C.

North Carolina

Louisiana

Alabama

Illinois

Louisiana

New York

North Carolina

Maryland

North Carolina

Florida

South Carolina

Florida

North Carolina

North Carolina

North Carolina

Texas

North Carolina

North Carolina

North Carolina

Utah

Arkansas

South Carolina

Utah

neg

neg

neg

neg

neg

pos

neg

neg

poi

neg

n/a

pos

neg

n/a

neg

pos

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

pos

pos

neg

neg

neg

pos

pos

pos

pos

neg

neg

neg

neg

pos

neg

neg

neg

M S

pos

neg

neg

pos

neg

n/a

pos

pos

n/a

neg

pos

neg

neg

pos

pos

neg

neg

neg

neg

neg

M S

neg

neg

neg

pos

pos

neg

neg

pos

pos

pos

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

n/a

neg

neg

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

n/a

neg

neg

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

7/24-8/21

7/24-8/21

7/24-8/21

7/24-8/7

7/24-8/21

7/24-8/7

7/24-8/21

7/22-8/12

7/24-8/7

7/24-8/21

7/24-8/14

7/24-8/21

7/24-8/21

7/24-8/14

7/24-8/21

7/24-8/21

7/31-8/21

7/22-8/21

7/24-8/21

7/24-8/21

7/22-8/21

7/24-8/21

7/24-8/21

7/31-8/21

8/6-8/21

7/14-8/21

8/6-8/21

7/31-8/21

8/6-8/21

8/6-8/22

7/24-8/21

7/31-8/21

7/31-8/21

59.1

55

51

56.3

57

58

58.6

59.4

54.7

54.4

22.8

23.3

23.12

24.16

23.6

23.17

22.7

23.32

26.32

22.6

24.45

23.2

22.86

23.82

23.2

22.8

23

23.69

24.6

23

23.7

23

22.88

23.2

23.4

22.86

23.1

23.9

22.7

23.88

22.8

22.7

23.5

23.05

23.55

23.27

24.51

23.87

23.37

22.96

23.62

27.5

22.85

25

23.52

23.11

24.46

23.35

23.03

23.33

23.78

24.81

23.34

23.94

23.33

23.2

23.32

23.43

22.96

23.24

24.93

22.83

24.24

22.97

22.95

23.8

23.3

23.75

23.66

24.92

24.52

23.8

23.3

23.81

27.45

23.02

25.34

24

23.6

25.25

23.68

23.66

23.83

23.93

25.03

23.66

24.2

23.69

23.62

23.7

23.86

23.04

23.65

25.74

23.28

24.6

23.38

23.33

24.03

19.7

19.8

19.3

19.6

20.1

20.6

17

19

15.4

19.7

20

19.8

19.9

18

18.5

19.9

17.6

19.6

19.8

17.9

20.1

18.8

19.1

20.3

20.8

20.2

20.6

20.4

19.4

20.7

20.5

17.9

17.8

31.6

31.6

31.2

36.3

38.9

31.4

31.5

33.4

45.6

30.3

39.1

31.4

34.3

41.5

32.4

35

37.9

32.2

32.6

36.7

38.6

35.1

39

33.7

28.8

29.9

29.8

45.6

27.5

34.9

33.7

33.6

31.6
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(continued Table 1.)

CO

Io
T3
CD

s!
oo

129

no
131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

15S

159

1(0

1(1

1(2

1(3

1(4

1(5

I ( (

1(7

1(S

i n

170

171

Richmond

Research Triangle Park

Memphis

Research Triangle Park

Morrlsvllle

Research Triangle Park

Morgantown

Research Triangle Park

Tucson

Salt Lake City

Athens

Greenville

Research Triangle Park

Phoenix

Charleston

Gainesville

Madison

Salt Lake City

Research Triangle Park

Atlanta

Salt Lake City

Greenville

Greenville

Salt Lake CHy

Research Triangle Park

Wilmington

Research Triangle Park

Research Triangle Park

Greenville

Gainesville

Wilmington

Mount Pleasant

Research Triangle Park

Clayton

Research Triangle Park

Tucson

Durham

Kankakee

Cermantown

Research Triangle Park

Gainesville

Morristown

Virginia

North Carolina

Tennessee

North Carolina

North Carolina

North Carolina

West Virginia

North Carolina

Arizona

Utah

Georgia

North Carolina

North Carolina

Arizona

South Carolina

Florida

New Jersey

Utah

North Carolina

Arizona

Georgia

Utah

North Carolina

North Carolina

Utah

North Carolina

North Carolina

North Carolina

North Carolina

North Carolina

Florida

North Carolina

South Carolina

North Carolina

North Carolina

North Carolina

Arizona

North Carolina

Illinois

Maryland

North Carolina

Florida

New Jersey

neg

neg

pos

pos

neg

neg

pos

pos

n/a

n/a

pos

n/a

neg

pos

neg

pos

neg

neg

n/a

pos

pos

pos

pos

pos

neg

pos

pos

neg

pos

pos

pos

pos

neg

pos

pos

pos

pos

pos

neg

pos

neg

pos

pos

Mg

neg

pos

pos

neg

neg

pos

pos

n/a

n/a

pos

n/a

««g

pos

neg

pos

neg

pos

n/a

pos

pos

pos

pos

pos

pos

pos

pos

neg

pos

pos

pos

pos

pos

pos

P"
pos

pos

pos

« g

pos

neg

pos

pos

neg

neg

neg

neg

neg

neg

«»g

neg

n/a

n/a

neg

n/a

neg

neg

neg

Mg

neg

neg

n/a

neg

neg

l«g

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

n/a

n/a

neg

n/a

neg

neg

neg

neg

neg

pos

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

poi

neg

7/24-8/21

8/6-8/2!

8/6-8/22

8/6-8/22

7/24-8/22

8/6-8/28

7/31-8/28

8/6-8/28

8/6-8/28

8/6-8/28

7/24-8/28

7/22-8/28

7/24-9/10

53.1

51.2

56

56.7

56.9

49.1

23.7

23.4

23.24

24.07

26.28

2.4.2

23.4

23.1

23

23.8

23.9

23.4

21.8

24.2

23.67

23.47

24.82

26.63

24.69

23.59

23.61

23.16

24.4

24.26

23.(3

21.99

24.58

24.08

23.22

24.94

26.24

25.03

23.91

24.35

23.21

24.84

24.78

23.83

22.06

13.9

20.3

40.1

18.3

40.1

20.8

20.1

12.9

18

19

20.5

20.3

17.9

37.9

34

32.1

40.7

32.4

40

33.1

46.1

27.8

45.3

42.9

34.4

28.5
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(continued Table 1.)
8

©

172

173

174

175

176

177

178

179

180

181

182

Research Triangle Park

Greenville

West Lafayette

San Fernando

West Lafayette

Charleston

Gaithersburg

Wilmington

North Carolina

North Carolina

Indiana

California

Indiana

South Carolina

Maryland

North Carolina

E»»

pos

neg

neg

neg

pos

neg

pos

pos

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg ^

neg

neg

neg

neg

neg

neg

7/24-9/10

8/6-9/13

7/31-8/21

7/31-10/7

7/24-10/7

7/24-8/21

52.3

48.7

55.5

22

24.2

22.31

23.4

22.99

24.4

22.32

24.33

22.46

23.6

23.17

24.62

22.53

24.47

22.5

24.2

23.44

24.75

18.9

20.7

19.7

17.6

17.1

19.2

30.6

28.9

27.3

36.3

30.1

35.4

A = City Represent site B
B = State Represent site B
C = MonitorMark, threshold 34°C, trip to site B
D = MonitorMark, threshold 34°C, trip back to USP
E = MonitorMark, threshold 42°C, trip to site B
F = MonitorMark, threshold 42°C, trip back to USP
G = Dates showing duration of each trip
H = Average percentage relative humidity
I = Average temperature observed for each trip—calculated by taking the average of all temperatures observed
J = MKT calculated by taking all temperatures of each trip
K = MKT calculated by taking the mean of the highest and lowest daily temperature of each trip
L = The lowest temperature observed during each trip
M = The highest temperature observed during each trip
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Table 2. Relative humidity (RH) values recorded by TempTale H
during the trip.

Trip Number

1
5
7
10
13
14
17
18
22
28
35
36
56
63
64
65
66
69
70
74
76
79
84
94
87
88
94
102
106
107
109
117
120
126
137
140
142
143
161
167
177
178
179

A
City, State

Aiken, SC
Albuquerque, NM

Mathews, NC
Charleston, SC

Oklahoma City, OK
Athens, GA
Tucson, AZ

Mt. Pleasant, SC
Lakeland, FL

Lexington, KY
Isle of Palms, SC
Mt. Pleasant, SC
Charleston, SC
Portland, OR

Piscataway, NJ
Rouses Point, NY

Raleigh, NC
Augusta, GA

Charleston, SC
Hickory, NC

Piscataway, NJ
St. Louis, MO
Norcross, GA

Res. Triangle Park, NC
Chapel Hill, NC
Wilmington, NC
Maplewood, NJ

Tucson, AZ
Durham, NC

Baton Rouge, LA
Abbott Park, IL

St. Petersburg, FL
Res. Triangle Park, NC

Little Rock, AR
Tucson, AZ

Greenville, NC
Phoenix, AZ

Charleston, SC
Mt. Pleasant, SC

Kankakee, IL
Charleston, SC

Gaithersburg, MD
Charleston, SC

B
% RH Lo

35.7
28.5
45.0
47.8
44.3
45.8
36.5
32.9
50.3
44.3
35.7
40.6
42.3
40.6
56.4
44.6
51.8
50.7
41.8
40.0
49.2
49.7
46.2
51.7
51.9
48.6
35.4
49.4
41.1
48.9
48.8
52.4
44.1
48.5
29.5
40.5
48.6
49.0
51.3
42.7
26.0
34.3
45.6

C
% RH Hi

63.0
71.8
59.6
65.9
61.2
61.1
63.3
61.7
70.4
66.6
61.9
62.8
59.1
64.8
70.0
65.3
64.8
74.5
88.7
65.3
70.7
67.1
76.2
75.8
67.5
62.9
62.2
64.4
69.8
66.8
68.3
68.5
69.8
64.7
67.1
67.0
82.6
66.1
69.2
58.2
67.6
64.7
88.1

D
Aver. % RH

49.3
50.6
52.0
53.3
51.8
53.2
48.5
52.3
54.6
53.2
51.9
47.1
50.9
55.2
61.9
56.6
59.2
60.4
57.0
57.8
57.4
59.1
57.1
61.0
59.1
55.0
51.0
56.3
57.0
58.0
58.6
59.4
54.7 .
54.4
53.1
51.2
56.0
56.7
56.9
49.1
52.3
48.7
55.5

A = lowest % RH recorded; B = highest % RH recorded; C = average value of % RH during each trip
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Table 3. Differences between Overall MKT and Hi-Lo MKT.

Trip#

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

A

MKT (*C) overall

27.5

23.6

23.4

24.7

24.5

25.5

23.3

23.4

23.3

25.4

23

25.1

24.2

253

25.7

24.9

24.8

24.7

25.5

23.9

24.6

23.7

25

26.1

24.2

25

23.7

23.9

24.3

23.8

25

24.9

B

MKT (*C) Hi-Lo

27.6

24.2

23.6

25.3

25.2

25.7

23.8

23.7

24

25.8

23.5

25.7

24.8

26.1

26

25

25.2

25.5

26

23.8

25.1

23.9

25J

26.4

24.5

25.6

24.1

24.2

24.8

24.1

25.2

25

C

MKT*(*C)Ov/Hi-L

29.98

24.58

23.81

26.59

25.59

26.18

24.08

24.06

24.29

27.48

23.4

26.02

25.59

28.18

27.5

26.46

26

26.93

26.86

24.27

25.63

25.05

26.93

28.42

24.8

27.17

D

Difference

0.1

0.6

0.2

0.6

0.7

0.2

0.5

0-3

0.7

0.4

0.5

0.6

0.6

0.8

0.3

0.1

0.4

0.8

0.5

0.1

0.5

0.2

0.3

0.3

0J

0.6

0.4

0.3

0.5

0.3

0.2

0.1

E

•/• Difference

0.362

2.48

0.847

2.37

2.78

0.778

2.1

1.27

2.92

1.55

2.13

2.33

2.42

3.07

1.15

0.4

1.59

3.14

1.92

0.418

1.99

0.837

1.19

1.14

1.22

2.34

1.66

1.24

2.02

1.24

0.794

0.4

F

Days on trip

19

19

4

18

19

IS

19

19

19

19

19

19

18

19

19

19

19

19

19

18

18

19

19

19

19

19

5

15

18

18

19

19

{continued on next page)
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{continued Table 3.)

37

38

39

40

41

42

43

44

45

46

47

48

48

SO

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

24.8

23.8

24.2

25.3

25.9

26.2

24.4

:4.s

25.5

24.4

22.6

22.8

23.4

22.8

22.9

23

22.9

23

24.6

23.4

24.2

24.5

24.2

23.2

24.5

23.4

24.4

25.4

26

24.5

25.4

26.2

26.4

24.9

24.9

26.1

25.1

23.1

23.2

23.9

23.7

23.4

23.4

23.2

23.5

25.3

24.1

24.8

25.3

25.1

23.6

25.1

24.2

25

0.6

2.2

03

0.1

03

02

0.5

0.4

0.6

0.7

0.5

0.4

0.5

0.9

0.5

0.4

03

0.5

0.7

0.7

0.6

0.8

0.9

0.4

0.6

0.8

0.6

2.36

8.46

1.22

0.394

1.15

0.758

2

1.61

23

2.79

2.16

1.72

2.09

3.8

2.14

1.71

1.29

2.13

2.77

2.91

2.42

3.16

3.S9

1.69

239

331

2.4

19

19

18

17

21

17

19

31

32

41

16

16

14

14

16

16

16

16

14

14

16

14

16

16

14

14

14

(continued on next page)
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{continued Table 3.)

75

76

77

78

79

80

81

82

83

84

85

86

87

88

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

no
111

112

113

23.4

23.9

23.3

26.S

23

23.7

23

24.5

23.1

23.6

23.3

24.5

23.9

23.4

23

23.6

27.5

22.9

25

23.5

23.1

24.5

23.4

23

23.3

23.8

24.8

23.3

23.9

23.3

23.2

23.3

23.6

24.6

23.7

27.1

23

23.9

23-3

24.7

23.3

23.8

23.7

24.9

24.5

23.8

23.3

23.8

27.5

23

25.3

24

23.6

25.3

23.7

23.7

23.8

23.9

25

23.7

24.2

23.7

23.6

23.7

0.2

0.7

0.4

0.6

0

0.2

0.3

0.2

0.2

0.2

0.4

0.4

0.6

0.4

0.3

0.2

0

0.1

0-5

0.5

0.5

0.8

0.3

0.7

0.5

0.1

0.2

0.4

03

0.4

0.4

0.4

0.847

2.85

1.69

2.21

0

0.837

1.29

0.81

0.858

0.84

1.69

1.61

2.45

1.68

1.29

0.84

0

0.435

1.19

2.08

2.12

3.16

1.27

2.95

2.1

0.418

0.8

1.69

1.24

1.69

1.69

1.69

28

14

14

14

28

28

14

28

28

28

28

14

28

14

28

21

14

28

21

28

28

21

28

28

21

30

28

28

30

28

28

21

(continued on next page)
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{continued Table 3.)

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

23.4

23

23.2

24.9

22.8

24.2

23

23

23.8

24.2

23.7

23.5

24.8

26.6

24.7

23.6

23.6

23.2

24.4

23.9

23

23.7

25.7

23.3

24.6

23.4

23.3

24

24.6

24.1

23.2

24.9

26.2

25

23.9

24.4

23.2

24.8

0.5

0

0.5

0.8

0.5

0.4

0.4

03

0.2

0.4

0.4

0.3

0.1

0.4

0.3

0.3

0.8

0

0.4

2.09

0

2.11

3.11

2.15

1.63

1.71

1.29

0.833

1.63

1.66

1.28

0.402

1.5

1.2

1.26

3.28

0

1.61

IS

28

15

21

15

16

28

21

21

28

15

16

16

29

22

28

22

22

22

(continued on next page)
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{continued Table 3.)

152

153

154

155

156

1S7

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

24J

23.6

22

22J

24.3

22.5

23.6

23.2

24.6

24.8

23.8

22.1

22.5

24.5

22.5

24.2

23.4

24.8

0.5

0.2

0.1

0.2

0.2

0

0.6

0.2

0.2

2.02

0.84

0.452

0.889

0.816

0

2.48

0.855

0.806

35

37

48

48

38

21

68

75

28

A = Calculated Overall MKT
B = Calculated Hi-Lo MKT
C = MKT calculated by taking the highest and lowest daily temperatures of each trip
D = Difference between columns A and B
E = % difference
F = Number of days on trip
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Table 4. Packages exposed to "excessive heat" conditions and the duration of time
at that temperature.

Trip Number

1
5
11
15
16
17
18
19
21
24
25
26
28
33
35
37
38
41
69
70
74
79
94
101
120
141
143
145
147
161

City, State
Aiken, SC

Albuquerque, NM
Sullivan's Island, SC

Hollywood, SC
Greer, SC

Mount Pleasant, SC
Lakeland, FL

Goose Creek, SC
Dallas, TX

Summerville, SC
Myrtle Beach, SC

Tucson, AZ
Isle of Palms, SC

Kentfield, CA
Mount Pleasant, SC

Columbus, IN
Piscataway, NJ

Wilmington, NC
Charleston, SC
Hickory, NC

Piscataway, NJ
Norcross, GA

Maplewood, NJ
Piscataway, NJ

Res. Triangle Park, NC
Res. Triangle Park, NC

Charleston, SC
Madison, NJ

Res. Triangle Park, NC
Charleston, SC

A
Temp. (°C)

49.7
41.7
47.3
48.6
48.8
48.0
40.6
46.6
41.8
43.8
47.9
45.9
48.2
40.4
42.1
42.8
63.3
49.7
41.2
42.4
42.2
54.2
45.6
41.5
45.6
40.7
40

46.1
45.3
42.9

B
Dates of trip
6/27-7/16
6/28-7/16
6/27-7/16
6/27-7/16
6/27-7/16
6/27-7/16
6/27-7/16
6/27-7/16
6/27-7/16
6/27-7/16
6/27-7/16
6/27-7/16
6/27-7/16
7/1-7/16
6/27-7/6
6/27-7/16
6/27-7/16
6/27-7/18
7/24-8/7
7/22-8/7
7/24-8/7
7/24-8/7
7/24-8/7
7/24-8/14
7/31-8/21
8/6-8/22
8/6-8/28
8/6-8/28
8/6-8/22
8/6-8/22

C
Duration (mins)

30
30
15
15
30
30
30
15
15
15
15
15
30
15
30
15
15
15
15
15
15
15
30
15
15
30
15
15
15
15

A = temperature under "excessive heat" conditions; B = dates of trip; C = duration of time at that temperature
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Table 5. Color changes recorded by MonitorMark chemical indicator during each trip along with
environmental weather observation recorded by participant.

Trip#

1

2

3

4

5

6

7

8

9

10

11

12

13

14

IS

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

A

City

Aikcn

La Jolla

Morgantown

Columbus

Albuquerque

Matthews

Charleston

Candler

Niskayuna (Schenectady)

Athens

Sullivan's Island

Lexington

Oklahoma City-

Tucson

Hollywood

Greer

Mount Pleasant

Lakeland

Goose Creek

Newton Square

Dallas

Lexington

Birmingham

Summerville

Myrtle Beach

Tucson

Stuart

Isle of Palms

Denver

West Lafayette

Dallas

Concord

Kentfield

B

State

South Carolina

California

West Virginia

Ohio

New Mexico

North Carolina

South Carolina

North Carolina

New York

Georgia

South Carolina

Kentucky

Oklahoma

Arizona

South Carolina

South Carolina

South Carolina

Florida

South Carolina

Pennsylvania

Texas

Kentucky

Alabama

South Carolina

South Carolina

Arizona

Florida

South Carolina

Colorado

Indiana

Texas

Massachusetts

California

C

34VOut

pos

neg

neg

neg

pos

pos

neg

neg

pos

pos

pos

neg

pos

neg

pos

pos

pos

pos

pos

neg

pos

neg

neg

pos

pos

pos

pos

pos

neg

neg

pos

neg

neg

D

347Back

pos

pos

neg

neg

pos

pos

pos

neg

pos

pos

pos

neg

pos

pos

pos

pos

pos

pos

pos

neg

pos

neg

pos

pos

pos

pos

pos

pos

neg

neg

pos

neg

neg

E

42VOut

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

pos

pos

pos

neg

neg

neg

neg

neg

neg

pos

neg

pos

neg

neg

neg

neg

pos

neg

neg

F

427Back

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

pos

pos

pos

neg

pos

neg

neg

neg

neg

pos

pos

pos

neg

neg

neg

neg

pos

neg

neg

G

Arrival Date

7/2/96

6/30/96

7/3/96

7/1/96

7/2/96

7/1/96

7/3/96

7/1/96

7/1/96

6/28/96

6/30/96

7/2/96

7/3/96

7/1/96

7/1/96

7/1/96

7/2/96

7/1/96

6/29/96

7/1/96

7/1/96

7/1/96

7/3/96

6/29/96

6/30/96

7/1/96

7/1/96

6/29/96

7/1/96

7/1/96

7/10/96

7/3/96

7/6/96

H

Weather cond

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

(continued on next page)
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{continued Table 5.)

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Nashville

Mount Pleasant

Charleston

Columbus

Piscataway

Onahs

Columbia

Wilmington

Alexandria

Indianapolis

Manning

Kingsport

Paradise Valley

Cleveland

New Providence

Iowa City

Dallas

Ann Arbor

- North Hollywood

Vienna

Athens

Laguna Beach

Portland

Charleston

Rouses Point

West Lafayette

Houston

Frederick

Winchester

Piscatawav

Rouses Point

Raleigh

Augusta

Omaha

Tennesee

South Carolina

South Carolina

Indiana

New Jersey

Nebraska

South Carolina

North Carolina

Virginia

Indiana

South Carolina

Tennesee

Arizona

Ohio

New Jersey

Iowa

Texas

Michigan

California

Virginia

Georgia

California

Oregon

South Carolina

New York

Indiana

Texas

Man land

Virginia

New Jersey

New York

North Carolina

Georgia

Nebraska

neg

DOS

pos

DOS

neg

neg

pos

pos

neg

neg

neg

neg

pos

n/a

n/a

n/a

n/a

neg

pos

n/a

n/a

pos

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

pc»

pos

pos

neg

neg

pos

pos

neg

neg

neg

neg

pos

n/a

n/a

n/a

n/a

neg

pos

n/a

n/a

pos

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

n/a

n/a

n/a

n/a

neg

neg

n/a

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

pos

neg

neg

neg

neg

pos

neg

neg

neg

pos

neg

neg

neg

neg

neg

n/a

n/a

n/a

n/a

neg

neg

n/a

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

7/3/96

7/2/96

6/29/96

6/29/96

7/1/96

mm
7/1/96

7/6/96

7/2/96

7/9/96

7/5/96

7/2/96

7/5/96

7/15/96

7/15/96

7/15/96

7/16/96

7/8/96

7/12/96

7/21/96

1122196

7/2/96

7/3/96

7/26/96

7/24/96

7/24/96

7/26/96

7/26/96

7/24/96

7/23/96

7/24/96

7/24/96

7/26/96

7/26/96

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

hot/veryhumid

24C/66V.RH

cloudy

76-78F/rainy

hot/humid

85F/very humid

75F/75%RH

24C/66%RH

hot/very humid

hot/very humid

80F/45V.RH

(continued on next page)
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58

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

90

91

92

93

94

95

96

97

98

99

100

101

102

Tampa

Charleston

Hickory

Hickory

Chicago

Wilson

Piscataway

Mount Pleasant

St. Louis

Gainesville

Greenville

Norcross

N. Charleston

West Point

East Windsor

Morrisville

Research Triangle Park

Mount Pleasant

Research Triangle Park

Chapel Hill

Clayton

Wilmington

Richmond

Nutley

Pearl River

M i pie wood

Houston

Pittsburgh

Irving

Mount Pleasant

Tucson

Richmond

Piscataway

Tucson

Florida

South Carolina

North Carolina

North Carolina

Illinois

North Carolina

New Jersey-

South Carolina

Missouri

Florida

South Carolina

Georgia

South Carolina

Pennsylvania

New Jersey

North Carolina

North Carolina

South Carolina

North Carolina

North Carolina

North Carolina

North Carolina

Virginia

New Jersey

New York

New Jersev

Texas

Pennsylvania

Texas

South Carolina

Arizona

Virginia

New Jersey

Arizona

neg

pos

pos

pos

neg

pos

neg

neg

pos

neg

pos

pos

pos

neg

n/a

pos

neg

neg

neg

neg

pos

neg

pos

neg

neg

neg

pos

neg

n/a

pos

neg

n/a

neg

pos

neg

pos

pos

pos

neg

pos

neg

pos

pos

neg

pos

pos

pos

neg

n/a

pos

neg

pos

neg

neg

neg

pos

pos

neg

neg

neg

pos

neg

n/a

pos

pos

n/a

neg

pos

neg

neg

pos

pos

neg

pos

neg

neg

pos

neg

neg

neg

neg

neg

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

n/a

neg

neg

n/a

neg

neg

neg

neg

pos

pos

neg

pos

neg

pos

pos

neg

neg

neg

pos

neg

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

n/a

neg

neg

n/a

neg

neg

7/25/96

7/26/96

7/24/96

7/24/96

7/26/96

7/26/96

7/26/96

7/26/96

7/25/96

7/26/96

7/26/96

7/29/96

7/26/96

7/26/96

unknown

7/29/96

7/26/96

7/27/96

7/25/96

7/29/96

7/29/96

n/a

7/29/96

7/29/96

7/29/96

7/29/96

7/29/96

7/30/96

7/19/96

7/27/96

7/29/96

unknown

7/26/96

7/27/96

hot/humid 92%

hot/humid

hot/sunny/dry

dry/sunny

warm/79% dry

82% humid

rainy 73%

89% cloudy/humid

83%humid/cloudy

hot/humid 95%

hot/humid 75%

cool/cloudy/humid

85%-86%

hot/humid

didn't rtrn ?naire

86% humid

hot/humid

hot/humid

88% hot/humid

88% hot/humid

8 1 % humid

n/a

hot/humid 97 V.

humid/rainy 8 0 %

75%

sunny 70%-75%

humid

cloudy/humid

n/a

hot/humid 92*/.

no comment

didn't rtrn ?naire

80% dry/sunny

very hot 104%

{continued on next page)
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\ 103

104

10S

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

San Francisco

Miami

Washington

Durham

Baton Rouge

Birmingham

Abbott Park

Baton Rouge

Stoney Brook

High Point

Baltimore

Durham

St. Petersburg

Columbia

St. Petersburg

Research Triangle Park

Greenville

Research Triangle Park

Irving

Zebulon

Wilmington

Research Triangle Park

Salt Lake City

Little Rock

Columbia

Salt Lake City

Richmond

Research Triangle Park

Memphis

Research Triangle Park

Morrisville

Research Triangle Park

Morgantown

Research Triangle Park

California

Florida

D C .

North Carolina

Louisiana

Alabama

Illinois

Louisiana

New York

North Carolina

Maryland

North Carolina

Florida

South Carolina

Florida

North Carolina

North Carolina

North Carolina

Texas

North Carolina

North Carolina

North Carolina

Utah

Arkansas

South Carolina

Utah

Virginia

North Carolina

Tennessee

North Carolina

North Carolina

North Carolina

West Virginia

North Carolina

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

pos

neg

neg

neg

pos

pos

pos

pos

neg

neg

neg

neg

neg

neg

pos

pos

neg

neg

pos

pos

neg

neg

pos

pos

neg

neg

neg

neg

neg

pos

neg

neg

neg

pos

pos

neg

neg

neg

pos

pos

pos

pos

neg

neg

neg

neg

neg

neg

pos

pos

neg

neg

pos

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

7/29/96

7/30/96

7/26796

8/3/96

8/1/96

8/1/96

7/26796

7/26/96

7/29/96

8/2/96

8/5/96

8/2/96

8/12/96

8/12/96

8/12/96

8/12/96

8/12/96

8/12/96

8/3/96

8/12/96

8/12/96

8/13/96

8/9/96

8/12/96

7/26796

8/5/96

8/6/96

8/12/96

8/12/96

8/12/96

8/12/96

no date

8/12/96

8/12/96

dry/hot 95%

92% humid

warm 80%

85% humid

24C in lab

humid/hot

75% cloudy

95%

cloudy/humid

93%

hot/humid

hot/humid 85%

hot/humid 9 5 %

hot/humid cloudy

rainy

unopened

unopened

unopened

hot/humid

75V. rainy

rainy 85%

75% cool/cloudy

no comment

no comment

96% hot/humid

75%

hot/humid

rainy 68% cool

warm/humid

75%

rainy

no comment

rainy

humid/rainy 78*/*

(continued on next page)
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137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

Tucson

Salt Lake City

Athens

Greenville

Research Triangle Park

Phoenix

Charleston

Gainesville

Madison

Salt Lake City

Research Triangle Park

Tucson

Atlanta

Salt Lake City

Greenville

Greenville

Salt Lake City

Research Triangle Park

Wilmington

Research Triangle Park

Research Triangle Park

Greenville

Gainesville

Wilmington

Mount Pleasant

Research Triangle Park

Clayton

Research Triangle Park

Tucson

Durham

Kankakee

Germantown

Research Triangle Park

Gainesville

Arizona

Utah

Georgia

North Carolina

North Carolina

Arizona

South Carolina

Florida

New Jersey

Utah

North Carolina

Arizona

Georgia

Utah

North Carolina

North Carolina

Utah

North Carolina

North Carolina

North Carolina

North Carolina

North Carolina

Florida

North Carolina

South Carolina

North Carolina

North Carolina

North Carolina

Arizona

North Carolina

Illinois

Maryland

North Carolina

Florida

n/a

n/a

pos

n/a

neg

pos

neg

pos

neg

neg

n/a

pos

pos

pos

pos

pos

neg

pos

pos

neg

pos

pos

pos

pos

neg

pos

pos

pos

pos

pos

neg

pos

neg

pos

n/a

n/a

pos

n/a

neg

pos

neg

pos

neg

pos

n/a

pos

pos

pos

pos

pos

pos

pos

pos

neg

pos

pos

pos

pos

pos

pos

pos

pos

pos

pos

neg

pos

neg

pos

n/a

n/a

neg

n/a

neg

neg

neg

neg

neg

neg

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

n/a

n/a

neg

n/a

neg

neg

neg

neg

neg

pos

n/a

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

pos

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

pos

no date

no date

8/9/96

no date

8/9/96

8/12/96

7/28/96

8/9/96

8/896

8/8/96

8/19/96

8/12/96

8/13/96

8/12/96

8/12/96

8/12/96

8/9/96

8/8/96

8/13/96

8/12/96

no date

8/12/96

8/14/96

8/12/96

7/28/96

8/19/96

8/12/96

8.19/96

8/12/96

8/12/96

7/25/96

8/8/96

7/29/96

8/16/96

no ?naire rtrnd

no comment

humid 90% cloudy

no ?naire rtrnd

hot/humid

hot&dry sunny

hot/humid

hot/humid

83V.

very hot

no ?naire

90% hot

70% humid

100% very hot

hot/humid/cloudy

85% rainy

85%

70% rainy

82% humid

75% humid

no comment

hot.rainy

hot,humid,rainy

ery hot&humid >85

94F very hot&humid

hot&humid

rainy

88F, 60-80% humid.

very hot, dry

IF, hot, rainy, c!., hu

hot, humid, overcast

85F, 60% humid.

hot, humid

very hot, humid

(continued on next page)
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171

172

173

174

175

176

177

178

179

180

181

182

Morristown

Research Triangle Park

Greenville

West Lafayette

San Fernando

West Lafayette

Charleston

Gaithersburg

New Jersey

North Carolina

North Carolina

Indiana

California

Indiana

South Carolina

Maryland

pos

pos

pos

neg

neg

neg

pos

neg

pos

pos

pos

neg

neg

neg

pos

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

8/22/96

8/27/96

8/27/96

8/30/96

8/29/96

8/29/96

9/25/96

9/25/96

very hot, humid

n/a

n/a

hot/humid

hot/dry

warm/dry/suuny

hot/humid

warm/humid/cloudy

A and B = City and state packages were sent to
C = MonitorMark, threshold 34°C, trip to site B
D = MonitorMark, threshold 34°C, trip back to USP
E = MonitorMark, threshold 42°C, trip to site B
F = MonitorMark, threshold 42°C, trip back to USP
G = Date package was received at downloading site (USP)
H = Weather condition as indicated by participant

Table 6. Comparison of Overall MKT calculated from data obtained using chemical indicator and
Overall MKT calculated from data obtained using electronic indicator on the same trip and the

difference in observation.

Trip
Number

1
6
9
11
13
17
26
27
28
35
36
37
41
52
56

City, State

Aiken, SC
Mathew, NC

Nisakayuna, NY
Sullivan's Island, SC
Oklahoma City, OK

Mt. Pleasant, SC
Tucson, AZ
Stuart, FL

Isle of Palms, SC
Mt. Pleasant, SC
James Island, SC

Columbus, IN
Wilmington, NC

North Hollywood, CA
Tualatin, OR

A

Calculated
Overall MKT

(Chemical)

25.8
25.8
26.8
26.3
30.7
24.4
23.5
25.3
26.5
28.6
26.7
27.6
26.3
27.5
23.5

B

Calculated
Overall MKT
(Electronic)

23.6
24.5
23.4
25.4
25.1
24.9
26.1
24.2
25.0
25.0
24.9
24.8
25.9
25.7
24.4

C

Difference

2.2
1.3
3.4
0.9
5.6
0.5
2.6
1.1
1.5
3.6
1.8
2.8
0.4
1.8
0.9

D

%
Difference

8.5
5.1
12.7
3.4
18.2
2.0
10.0
4.3
5.7
12.6
6.7
10.1
1.5
6.5
3.7

A = Overall MKT calculated from chemical indicator; B = Overall MKT calculated from electronic indicator data; C =
difference between values in columns A and B; D = % difference
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