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ABSTRACT

T The 90-day subchronic oral toxicity of nitroguanidine
was evaluated in male and female ICR mice. Nitroguanidine
was administered in the diet at dose levels of 0, 100, 316,
and 1000 mg/kg/day for 90 days. The addition of
nitroguanidine to the diet had no effect on food consumption
or weight gains, but there was a significant dose-response
increase in water consumption. Clinical signs attributable
to the test compound were not observed during the study.
Blood samples taken at necropsy for hematological analysis
exhibited no significant abnormalities that could be
attributed to nitroguanidine dosing. Several serum chemistry
parameters did exhibit statistically ignificant (p 0.05)
alterations from the control values, ut these changes were
isolated occurrences with no consisten\ dose-related trends
being noted. With the exception of the brain-to-body weight
ratio in the high-dose males, organ weights and their
respective ratios were not significantly affected by dosing)
Microscopic examination of tissues from the control aad 0
mg/kg/day-dose-group animals revealed no lesions attributable
to the administration of nitroguanidine.!-These findings
indicate that nitroguanidine is nontoxic in mice when
administered at doses as high as 1000 mg/kg/day for 90 days.
The findings of increased water consumption suggest that
nitroguanidine, which is excreted unchanged in the mouse's
urine, may be acting as an osmotic diuretic.
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PREFACE

TYPE REPORT: 90-Day Subchronic Oral Toxicity GLP Study Report

TESTING FACILITY:
US Army Medical Research and Development Command
Letterman Army Institute of Research
Presidio of San Francisco, CA 94129-6800

SPONSOR:
US Army Medical Research and Development Command
US Army Biomedical Research and Development Laboratory
Fort Detrick, Maryland 21701-5012
Project Officer: Gunda Reddy, PhD

WORK UNIT/APC: 180 Environmental Health Effects of Army

Materials/TL09

GLP STUDY NUMBER: 86007

STUDY DIRECTOR: MAJ Don W. Korte Jr., PhD, MSC
Diplomate, American Board of Toxicology

PRINCIPAL INVESTIGATOR:
CPT Denzil F. Frost, MS, DVM, VC
Diplomate, American College of Veterinary Preventive
Medicine.

CO-PRINCIPAL INVESTIGATOR:
MAJ Earl W. Morgan, VC
Diplomate, American College of Veterinary Preventive
Medicine and American Board of Toxicology

PATHOLOGIST: MAJ C. Dahlem Smith, DVM, VC
Diplomate, American College of Veterinary
Pathologists.

REPORT AND DATA MANAGEMENT:
A copy of the final report, study protocol, retired
SOPs, raw data, analytical, stability, and purity data
of the test compound, and an aliquot of the test
compound will be retained in the LAIR Archives.

TEST SUBSTANCE: Nitroguanidine

INCLUSIVE STUDY DATES: 18 March - 2 July 1987

OBJECTIVE: The objective of this study was to determine the
90-day subchronic oral toxicity of nitroguanidine
in male and female ICR mice.
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Ninety-Day Subchronic Oral Toxicity Study of
Nitroguanidine in Mice -- Frost et al

INTRODUCTION

Nitroguanidine, a primary component of US Army triple-
base propellants, is now produced in a Government-owned
contractor-operated ammunition plant. The US Army Biomedical
Research and Development Laboratory (USABRDL), as part of its
mission to evaluate the environmental and health hazards of
military-unique propellants generated by US Army munitions-
manufacturing facilities, conducted a review of the
nitroguanidine data base and identified significant gaps in
the toxicity data (1). The Mammalian Toxicology Branch,
Letterman Army Institute of Research (LAIR), was tasked by
USABRDL to develop a genetic and mammalian toxicity profile
for nitroguanidine, related intermediates/by-products of its
manufacture, and its environmental degradation products.

Objective of the Study

The objective of this study was to determine the 90-day
subchronic toxicity of nitroguanidine in male and female ICR
mice.

MATERIALS

Test Substance

Chemical name: Nitroguanidine

Chemical Abstract Service Registry No.: 556-88-7

Structural formula:

H2 N\
H2NC --N- NO2

Molecular formula: CH4N402

Other test substance information is presented in
Appendix A.
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Vehicle

The test compound was mixed into the feed (see
Husbandry).

AnimaA

Seventy-three male and 73 female ICR mice (Harlan
Sprague Dawley, Inc., Indianapolis, IN) were used in this
study. Tail tattoos were used to identify each animal
individually. Three males and 3 females with the lowest body
weights were selected for necropsy quality control. Ten
males and 10 females were used as baseline controls. The
body weights on receipt (18 March 1987) ranged from 17 g to
23 g. Additional animal data appear in Appendix B.

The animals assigned to this study were housed
individually in clear, polycarbonate shoe boxes in drawer
rack cages. Alpha-Dri TM , a cellulose fiber, was used as
bedding. The shoe boxes and bedding were changed twice
weekly. The diet, fed ad libitum, consisted of Certified
Purina Rodent Chow® 5002 Meal Form (Ralston Purina, St.
Louis, MO). Water was provided by 16-ounce water bottles
with stoppers and sipper tubes. Both feed and water
consumption were measured weekly.

The temperature range maintained throughout this study
was 16.0°C - 25.00C with a relative humidity of 24-60% with
occasional periods up to 80% for several hours. The
photoperiod was 12 hours of light daily with a 1/2-hour dawn
phase-in and a 1/2-hour dusk phase-out.

METHODS

This study was performed in accordance with LAIR
Standard Operating Procedure OP-STX-74 "Ninety-Day Subchronic
Oral Toxicity Testing in Rodents" (2) and EPA guidelines (3).

Group Assignment/Acclimation

The animals were acclimated for 14 or 15 days (males and
females, respectively) from receipt to the onset of dosing.
During the acclimation period the anima]h were observed daily
for signs of illness. Food and water consumption were
measured during the second week of quarantine.
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Fifteen animals of each sex were assigned to each of 4
dose groups. A fifth group of 10 animals of each sex was
identified as the baseline data group. Allocation was
accomplished using a computer-based, stratified, weight-
biased randomization method (LAIR SOP OP-ISG-24).

Dose Levels

Dose levels were selected on the basis of the results of
an acute toxicity study (4) and a pilot study. The acute
oral median lethal dose exceeded a LIMIT dose of 5000 mg/kg.
Thus, the upper dose level used in the pilot study was a
LIMIT dose of 1000 mg/kg (3). At this dose level no deaths
nor obvious toxicity were observed. Using a logarithmic
progression table the following dose levels were selected: 0
mg/kg/day, 100 mg/kg/day, 316 mg/kg/day, and 1000 mg/kg/day.

Comound and Diet Preparation

The nitroguanidine was received as a dry white powder.
All diet preparations were done in accordance with LAIR SOP
OP-STX-16 (5). A premix consisting of 50 mg
nitroguanidine/kg of the Rodent Chow was prepared. Since the
compound tends to clump, it was further ground in a jar mill
(Norton Inc., Akron, OH) using porcelain grinding pellets for
one hour to break up the clumps. The nitroguanidine was then
mixed into the meal in a series of 1-, 2-, 4-, and 6-fold
dilutions. Each dilution was mixed for 15 minutes in the jar
mill. The dilutions were then sieved through a 10-mesh
screen to ensure the grinding was complete and to remove the
grinding pellets.

On the day of the diet change, after the new diet
concentrations had been calculated, the appropriate amounts
of premix and meal were blended together using a Twin-Shell
Dry Blender (Patterson-Kelley Co., Division of Harsco Corp.,
East Stroudsburg, PA) for at least 15 minutes.
Nitroguanidine was mixed into the feed at a level that, based
on the feed consumption of the previous week and the animal's
weight, would provide the desired dose (mg/kg) on a daily
basis. All diet mixes were within 10.0% of target
concentration and were adequately homogeneous. Additional
mixing data and analyses are presented in Appendix C.

Test Procedures

Feed consumption and water consumption were measured on
a weekly basis. Individual feed jars were used. They were
weighed at the beginning and at the end of each week. The
feed was sifted using a 10-mesh sieve to remove bedding and
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feces prior to the final weighing. If there were signs of
soillage in the bedding, the bedding was also sifted and the
feed obtained was returned to the jar prior to weighing.
Records for water bottles with obvious spillage and for feed
jars with spillage contaminated with moisture were flagged,
and the weights were omitted. Record-keeping was initiated
during the final week of quarantine and provided the baseline
consumption data to calculate the first week's diet mixture.

Early on the day of diet change, the animals were
W04ighed, observed, and their water bottles and feeders were
weighed. These data were collected on a Beckman TOXSYS® data
collection terminal. The Beckman Diet Computation Subsystem
was used for the calculations. After the new diet was mixed,
tlie feeders and water bottles were filled, weighed, and
returned to the cages.

Observations were performed twice daily thioughout the
,-(-day test period. During the morning observations, the
a:rimals were observed undisturbed in their cages, outside of
their cages, and after return to their cages. All findings
were recorded. A second "walk through" observation was
performed in the afternoon, and only significant observations
were recorded. Body weights were recorded weekly and on the
day of sacrifice. Appendix D contains a listing of the
historical events.

All animals were subjected to a complete gross necropsy
following exsanguination under sodium pentobarbital
anesthesia. Blood was collected from the right ventricle
while under anesthesia for hematology and clinical chemistry
measurements. A listing of the measurements and SOPs is
provided in Appendix E. Full histopathology was performed on
the organs and tissues listed in Appendix P of all mice in
the control and high-dose grours. In addition,
histopathology was performed on the brain, lungs, liver,
kidneys, urinary bladder, and gall bladder of all study
animals.

Changes/Deviaticns

Due to a shortaoe of tcir tags, tail tattooing was used
for animal identification.

Six animals were submitted for quality control necropsy
instead of 4.

On Day 1 of the study, animal 87C00133 was unable to
obtain water due to problems with its water delivery system
ard b~came dehydrated. This animal was replaced by animal
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87C00176. Due to the mechanics of programming, it was not
possible to implement this change in the computer system.
Therefore, animal 87C00176 is listed as 87C00133 in the
pathology XYBION printouts.

Clinical observations were performed but inadvertently
not recorded due to procedural errors on 2, 9, and 16 April
and 15 April 87 for the males and females, respectively.

Serum chemistry analyses were not performed for the
following animals due to insufficient sample volume: 87C00-
055, 059, 068, 081, 083, 099, 134, 154, 161, 162, 174, and
178. The "n" values for various serum chemistries often
differ from the group size because insufficient sample volume
was obtained to make all measurements for each animal.

Hematology measurements on the interim sacrifice females
and white blood count differentials on the interim sacrifice
males were not obtained due to operator error.

These deviations did not significantly affect the
interpretation of the study results.

Statist ics

The animal weights, food consumption, and water
consumption were analyzed statistically with packaged
programs available on BMDP software (7). The equality of the
variances of the groups was tested using the Levene's Test.
If the variances were equal, the vehicle control group and
the dose groups were compared by the standard one-way
analysis of variance (ANOVA). Otherwise, the Welch one-way
ANOVA, which is not based on the assumption that the
variances are equal, was performed. If the F-statistic was
significant in either case, the Dunnett's test was performed
to determine whether or not the vehicle control group was
significantly different from any of the dose groups. Their
was insufficient bilirubin data to perform statistical
analysis. Statistical analysis for organ weights,
hematology and serum chemistry were done on the Xybion
software program using the standard one-way ANOVA. The
homogeneity of the groups was tested by the Bartlett's test.
If the groups were found to be non-homogeneous, then a
modified t-test was performed instead of the Dunnett's test.

Storage of Raw Data and Final Report

A copy of the final report, study protocols, raw data,
retired SOPs, and an aliquot of the test compound will be
retained in the LAIR Archives.
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RESULTS

Mortalities

No deaths occurred during the study.

Food, Nitroguanidine. and Water Consumption

Mean daily consumption of nitroguanidine is presented in
Table 1. Individual consumption of nitroguanidine is
presented in Appendix F. Mean weekly food and water
consumption data are presented in Tables 2 and 3,
respectively. Individual food and water consumption data are
presented in Appendices G and H, respectively. No
statistically significant (p 0.05) dose or compound-related
effects were observed in food consumption. Nitroguanidine
consumption in the food ranged from 77 to 1211 mg/kg/day.
Water consumption increased significantly (p < 0.05) in the
female 1000 mg/kg/day group for weeks 1 and 2. Water
consumption increased significantly (p : 0.05) in the male
1000 mg/kg/day group for weeks 1 through 13 when compared to
the controls. The 100 mg/kg/day males showed a significant
decrease in water consumption for week 6 when compared to the
controls (p 0.05).

Body Weights

The mean body weights for each group are presented in
Table 4. No statistically significant dose or compound-
related effects were observed in male or female body weights.
Individual body weight data are presented in Appendix I.

Clinical Signs

No clinical signs attributable to nitroguanidine
administration were observed. The incidence of signs such as
irritability, aggressive behavior, ocular changes, alopecia,
hyperactivity, chewing, dehydration, twitching, and increased
startle reflex appeared to be random, often isolated
occurrences, and a function of a subchronic study rather than
compound or dose related. A summary of clinical observations
is presented in Table 5. Individual clinical signs data are
presented in Appendix J.
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Table 1: Daily Consumption of Nitroguanidine#

Group Week n Males n Females
(mg/kg/day) (mg/kg/day)

Controls 1 15 0* ±0 15 0 ±0
2 15 0 ±0 15 0 ±03 15 0 ±0 15 0 ±0
4 15 0 ±0 15 0 ±0
5 15 0 ±0 15 0 ±0
6 15 0 ±0 15 0 ±07 10 0 ±0 10 0 ±0
8 10 0 ±0 10 0 ±0
9 10 0 ±0 10 0 ±0

10 10 0 ±0 10 0 ±0
11 10 0 ±0 10 0 ±0
12 10 0 ±0 10 0 ±0
13 10 0 ±0 10 0 ±0

100 mg/kg/day 1 12 95 ±4 15 77 ±6
2 15 85 ±2 15 115 ±53 14 85 ±4 15 91 ±4
4 15 83 ±2 15 93 ±4
5 15 94 ±3 15 97 ±4
6 15 92 ±4 15 91 ±4
7 10 90 ±3 9 90 ±3
8 9 99 ±5 9 114 ±3
9 9 109 ±5 10 108 ±3

10 9 81 ±4 10 85 ±5
11 10 83 ±4 9 103 ±6
12 10 94 ±3 9 93 ±5
13 9 86 ±2 9 97 ±7

# Concentration of nitroguanidine in feed x mean feed
consumption per day + body weight in kg.
* Mean ± Standard Error.
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Table 1 (cont.): Daily Consumption of Nitroquanidine#

Group Week n Males n
Females

(mg/kg/day) (mg/kg/day)

316 mg/kg/day 1 15 292* ±8 15 214 ±7
2 15 313 ±10 15 331 ±12
3 14 299 ±7 15 312 ±15
4 15 262 ±9 15 300 ±10
5 15 292 ±10 15 283 ±16
6 15 285 ±12 15 300 ±11
7 10 317 ±12 10 304 ±24
8 10 307 ±17 9 305 ±20
9 9 364 ±14 10 326 ±15

10 10 264 ±8 9 269 ±11
11 10 287 ±6 10 297 ±11
12 10 343 ±22 9 296 ±12
13 9 286 ±8 10 277 ±14

1000 mg/kg/day 1 15 977 ±43 14 714 ±28
2 15 964 ±16 15 1211 ±33
3 14 947 ±29 15 965 ±26
4 15 946 ±16 15 959 ±40
5 15 959 ±17 15 760 ±18
6 15 905 ±38 15 1050 ±35
7 10 949 ±16 10 981 ±49
8 10 938 ±58 10 897 ±87
9 9 1178 ±58 10 1169 ±86

10 10 887 ±46 10 899 ±69
11 10 970 ±35 10 980 ±58
12 10 931 ±41 10 954 ±49
13 10 919 ±26 10 1028 ±52

# Concentration of nitroguanidine in feed x mean feed
consumption per day + bc$y weight in kg.
* Mean ± Standard Errcr.
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Table 2: Food Consumption

Males Females
Group Week n (g/week) n (g/week)

Controls 1 15 34* ±1 15 28 ±1
2 14 36 ±1 15 33 ±1
3 15 36 ±1 13 35 ±1
4 15 35 ±1 15 35 ±1
5 14 36 ±1 15 34 ±1
6 15 35 ±1 15 36 ±1
7 10 35 ±1 10 36 ±1
8 10 34 ±1 10 33 ±2
9 10 36 ±1 10 39 ±2

10 10 36 ±1 7 37 ±2
11 10 37 ±1 10 38 ±1
12 10 35 ±1 10 37 ±1
13 10 35 ±1 10 38 ±1

100 1 12 32 ±1 15 32 ±2
mg/kg/day 2 14 35 ±1 15 36 ±1

3 15 36 ±1 15 35 ±1
4 14 35 ±1 15 36 ±2
5 15 36 ±1 15 35 ±1
6 15 33 ±1 15 35 ±1
7 10 34 ±1 9 34 ±1
8 9 35 ±2 9 37 ±2
9 9 37 ±2 10 44 ±3

10 9 37 ±2 10 36 ±2
11 10 36 ±2 9 38 ±1
12 10 36 ±1 9 39 ±2
13 9 34 ±1 9 37 ±2

* Mean ± Standard Error.
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Table 2 (cont.): Food Consumption

Males Females
Group Week n (g/week) n (g/week)

316 1 15 34* ±1 15 30 ±1
mg/kg/day 2 15 35 ±1 15 34 ±1

3 14 35 ±1 15 36 ±2
4 15 35 ±1 15 34 ±1
5 15 37 ±1 15 33 ±1
6 15 34 ±2 15 33 ±1
7 10 37 ±2 10 34 ±2
8 10 34 ±3 9 34 ±2
9 9 37 ±1 10 36 ±2

10 10 37 ±2 9 34 ±2
11 10 35 ±1 10 36 ±2
12 10 37 ±2 9 34 ±2
13 9 34 ±1 10 34 ±2

1000 1 15 33 ±1 14 28 ±1
mg/kg/day 2 15 34 ±1 15 35 ±1

3 14 35 ±1 15 35 ±1
4 15 35 ±1 15 35 ±1
5 15 35 ±1 15 32 ±1
6 15 34 ±2 15 34 ±1
7 10 36 ±1 10 34 ±1
8 10 33 ±2 10 33 ±3
9 9 39 ±2 10 39 ±3

10 10 39 ±2 10 37 ±2
11 10 38 ±1 10 37 ±2
12 10 36 ±1 10 35 ±2
13 10 35 ±1 10 37 ±2

* Mean ± Standard Error.
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Table 3: Water Consumption

Males Females
Group Week n (ml/week) n (ml/week)

Controls 1 15 42* ±2 15 37 ±2
2 14 45 ±2 15 45 ±2
3 15 43 ±2 15 45 ±1
4 15 45 ±2 15 45 ±1
5 15 39 ±2 15 43 ±1
6 13 40 ±1 15 45 ±1
7 10 38 ±2 10 46 ±2
8 10 35 ±3 10 39 ±4
9 10 40 ±2 10 45 ±2

10 10 42 ±2 i0 48 ±3
11 10 39 ±2 10 48 ±2
12 10 40 ±2 9 46 ±2
13 10 39 ±2 8 44 ±2

100 1 15 43 ±1 15 35 ±3
mg/kg/day 2 14 44 ±2 15 41 ±2

3 15 40 ±1 15 39 ±2
4 15 39 ±2 15 40 ±2
5 15 38 ±1 15 39 ±1
6 14 35@ ±1 14 39 ±2
7 10 36 ±1 10 40 ±2
8 10 35 ±2 9 38 ±2
9 10 36 ±1 10 40 ±2

10 10 39 ±2 10 42 ±2
11 10 35 ±2 10 41 ±2
12 10 37 ±1 10 43 ±2
13 10 34 ±1 8 42 ±3

* Mean ± Standard Error.
@ Value significantly different from control at p 0.01.
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Table 3 (cont.): Water Consumption

Males Females
Group Week n (ml/week) n (ml/week)

316 1 15 48* ±2 15 40 ±1
mg/kg/day 2 15 50 ±2 15 44 ±2

3 14 47 ±3 15 42 ±2
4 15 46 ±3 15 41 ±2
5 15 44 ±2 15 40 ±2
6 13 40 ±1 15 41 ±2
7 10 41 ±2 10 40 ±2
8 9 40 ±3 10 38 ±2
9 10 42 ±2 10 40 ±2

10 10 43 ±2 9 44 ±4
11 10 39 ±2 10 43 ±3
12 10 40 ±2 10 42 ±2
13 10 36 ±2 10 43 ±3

1000 1 15 55' ±2 15 43 ±2

mg/kg/day 2 15 576 ±2 15 550 ±2

3 15 54@ ±2 15 51$ ±2
4 15 52 ±2 15 51 ±2
5 15 51' ±2 15 48 ±2

6 14 48' ±2 15 50 ±2
7 10 48@ ±2 10 52 ±3

8 9 46$ ±2 10 48 ±2

9 10 51" ±3 9 49 ±2

10 10 52' ±3 10 52 ±3

11 10 4b ±2 10 53 ±3

12 10 48' ±2 10 51 ±2
13 10 46$ ±2 10 52 ±3

* Mean ± Standard Error.
$ Value significantly different from control at p 0.05.
@ Value significantly different from control at p 0.01.
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Table 4: Body Weights

Males Females
Group Week n (g) n (g)

Controls 1 15 33* ±1 15 26 ±<0.5
2 15 34 ±1 15 26 ±<O.5
3 15 34 ±1 15 26 ±<0.5
4 15 36 ±1 15 28 ±<0.5
5 15 37 ±1 15 28 ±<0.5
6 15 38 ±1 15 28 ±<0.5
7 10 40 ±1 10 28 ±1
8 10 39 ±1 10 28 ±1
9 10 39 ±1 10 29 ±1

10 10 40 ±1 10 30 ±1
11 10 41 ±1 10 30 ±1
12 10 40 ±1 10 30 ±1
13 10 41 ±1 10 30 ±1

100 mg/kg/day 1 15 31 ±1 15 26 ±<0.5
2 15 32 ±1 15 26 ±<0.5
3 15 33 ±1 15 26 ±<0.5
4 15 34 ±1 15 27 ±1
5 15 35 ±1 15 28 ±1
6 15 36 ±1 15 28 ±1
7 10 38 ±1 10 29 ±1
8 10 37 ±1 10 28 ±1
9 10 37 ±1 10 29 ±1

10 10 38 ±1 10 29 ±1
11 10 38 ±1 10 29 ±1
12 10 38 ±1 10 30 ±1
13 10 39 ±1 10 30 ±1

* Mean ± Standard Error.
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Table 4 (cont.): Body Weights (g)

Males Females
Group Week n (g) n (g)

316 mg/kg/day 1 15 32* ±1 15 26 ±<0.5
2 15 32 ±1 15 26 ±<0.5
3 15 33 ±1 15 26 ±<0.5
4 15 34 ±1 15 27 ±<0.5
5 15 36 ±1 15 27 ±1
6 15 36 ±1 15 27 ±<0.5
7 10 38 ±1 10 28 ±<0.5
8 10 36 ±1 10 2e ±<0.5
9 10 38 ±1 10 28 ±<0.5

10 10 39 ±1 10 29 ±<0.5
11 10 39 ±1 10 29 ±<0.5
12 10 39 ±1 10 29 ±<0.5
13 10 39 ±1 10 30 ±<0.5

1000 mg/kg/day 1 15 31 ±1 15 25 ±<0.5
2 15 32 ±1 15 25 ±<0.5
3 15 33 ±1 15 26 ±<0.5
4 15 35 ±1 15 27 ±<0.5
5 15 36 ±1 15 27 ±<0.5
6 15 36 ±1 15 27 ±<0.5
7 10 39 ±1 10 26 ±1
8 10 38 ±1 10 27 ±<0.5
9 10 38 ±1 10 28 ±1

10 10 39 ±1 10 28 ±1
11 10 39 ±1 10 28 ±1
12 10 38 ±1 10 28 ±1
13 10 40 ±1 10 28 ±1

* Mean ± Standard Error.
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Table 5: Clinical Observations*

Dose Group (mg/kg/day)
Sign Control 100 316 1000

Males

Behavioral
Irritable 9 (49) 6 (19) 9 (53) 6 (15)
Aggressive 5 (18) 3 (11) 4 (33) 1 (2)

Skin/Hair
Alopecia - 1 (2) 1 (1) -
Sweliing Jaw - - - 1 (18)
Necrosis Tail - - 1 (21) -

Ocular
Corneal erosion, 1 (1) - - 2 (2)
opacity, vascularization
Dilated pupil - 1 (1) --

Dehydration - 1 (1) 1 (1)
Skeletal - - - 1 (1)

Females

Behavioral
Irritable 12 (38) 6 (63) 13 (94) 11 (110)
Aggressive 1 (1) 1 (1) 1 (1) 3 (26)
Hyperactive 2 (2) - - -
Chewing 3 (3) - 1 (1) -

Skin/Hair
Alopecia - 1 (20) 1 (17) 3 (6)
Scab - - 1 (7) -

Ocular
Corneal opacity, - 2 (39) 1 (1) 1 (1)
vascularization
Cataract - 1 (1) - -
Conjunctivitis - 1 (3) -

Neurologic
Twitching - - - 1 (1)
Increased startle 1 (1) - - -
reflex

Dehydration - 1 (2) 1 (1) -

Data are presented as the number of animals exhibiting the
sign with the total number of animal days the sign was
observed, in parenthesis.
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Clinical Chemistry

A summary of the serum chemistry data is presented in
Table 6. Individual clinical chemistry values, a key to
parameter abbreviations, and the units of measurement are
presented in Appendix K. The group-4 males had a
significantly increased mean aspartate amino-transferase
(AST) level compared to that of the controls (p 0.05) at
interim sacrifice. The AST value was within normal limits
compared to the baseline sacrifice performed at the beginning
of the study period (Appendix Q). At terminal sacrifice, the
group-3 males had significantly decreased uric acid levels
compared to those of the controls (p _ 0.05). However, the
uric acid level was within normal limits. The interim
sacrifice groups-3 and -4 females had significantly increased
albumin and albumin-globulin ratio values compared to those
of the controls (p : 0.05), but the values remained within
the respective normal ranges established by the baseline
sacrifice.

A summary of the hematology data is presented in Table
7. No statistically significant variances from the controls
were found in either the male or female dose groups.
Individual hematology values, a key to parameter
abbreviations, and the units of measurement are presented in
Appendix L. Baseline control data are presented in Appendix
Q.

Organ Weights and Ratios

Organ weights, organ-to-body weight ratios, and organ-
to-brain weight ratios were compared for liver, spleen,
kidneys, heart, testes/ovaries, and brain. The interim
sacrifice group-4 males had a significantly greater brain-to-
body weight ratio than the controls (p 0.05). The group-4
male animals in general had greater absolute brain weights
and smaller body weights than the cther groups, but these
differences were not statistically significant(p 0.05). No
statistically significant differences from the controls were
observed in the organ weights or organ weight ratios in the
female dose groups. The group mean organ weights and the
comparative ratios are presented in Tables 8 through 10.
Individual organ weight, organ-to-body weight ratio, and
organ-to-brain weight ratio data are pre. ented in Appendices
M, N, and 0, respectively. Baseline control data are
presented in Appendix Q.
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Table 8: Organ Weights

Groups Control 100 316 1000

Day 45 90 45 90 45 90 45 90

n 5 10 5 10 5 10 5 10

Males

Testes (g) 0.30* 0.28 0.28 0.31 0.26 0.27 0.28 0.49
±0.03 0.02 0.02 0.04 0.03 0.04 0.03 0.59

Liver (g) 1.96 2.15 1.74 2.03 2.06 2.07 1.85 2.06
±0.13 0.41 0.29 0.18 0.13 0.25 0.14 0.1.7

Heart (g) 0.19 0.22 0.18 0.21 0.20 0.19 0.20 0.19
±0.03 0.04 0.03 0.03 0.02 0.06 0.02 0.02

Brain (g) 0.50 0.51 0.50 0.74 0.48 0.52 0.54 0.54
±0.03 0.03 0.02 0.70 0.04 0.04 0.03 0.04

Spleen (mg) 0.11 0.11 0.10 0.11 0.15 0.11 0.10 0.12
±0.02 0.02 0.01 0.02 0.14 0.02 0.02 0.05

Kidney (g) 0.55 0.65 0.54 0.62 0.48 0.63 0.50 0.57
±0.08 0.10 0.08 0.09 0.03 0.07 0.06 0.17

Females

Ovaries 0.11 0.04 0.03 0.04 0.05 0.04 0.04 0.03
(mg) ±0.16 0.02 0.02 0.01 C.01 0.02 0.01 0.02

I,iV L (g) 1.51 1.54 1.44 1.62 1.32 1.46 1.41 1.47
±0.14 0.12 0.11 0.15 0.31 0.17 0.18 0.21

Heart (g) 0.16 0.15 0.16 D.15 0.13 0.15 0.15 0.16
±0.03 0.02 0.02 0.03 0.04 0.03 0.02 0.03

Brain (g) 0.52 0.50 0.52 0.54 0.49 0.50 0.53 0.53

±0.04 0.04 0.02 0.05 0.09 0.08 0.03 0.03

Spleen (mg) 0.11 0.12 0.10 0.10 0.12 0.10 0.12 0.24
±0.01 0.02 0.02 0.03 0.03 0.03 0.02 0.42

Kidney (g) 0.37 0.42 0.37 0.40 0.37 0.39 0.31 0.38
±0.02 0.05 0.02 0.05 0.02 0.05 0.08 0.03

$ mg/kg/day.
* Mean ± Standard Deviation.
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Table 9: Organ-to-Body Weight Ratio

GroupS Control 100 316 1000
Day 45 90 45 90 45 90 45 90
n 5 10 5 10 5 10 5 10

Males

Liver (%) 5.28* 5.18 4.91 5.24 5.77 5.24 5.58 5.21
±0.30 0.68 1.05 0.25 0.38 0.40 0.46 0.50

Heart (%) 0.52 0.55 0.50 0.54 0.56 0.47 0.62 0.47
±0.10 0.12 0.04 0.08 0.05 0.14 0.09 0.05

Brain (%) 1.36 1.24 1.40 1.88 1.34 1.33 1.62 @ 1.36
±0.13 0.12 0.18 1.68 0.18 0.20 0.13 0.11

Spleen (%) 0.30 0.26 0.30 0.29 0.43 0.27 0.31 0.31
±0.05 0.03 0.05 0.05 0.40 0.06 0.06 0.13

Kidney (%) 1.49 1.57 1.50 1.60 1.33 1.60 1.49 1.43
±0.24 0.13 0.14 0.14 0.11 0.15 0.11 0.41

Testes (%) 0.80 0.69 0.78 0.80 0.72 0.70 0.84 1.23
±0.06 0.07 0.10 0.10 0.13 0.10 0.06 1.46

Females

Liver (%) 5.30 5.13 5.14 5.53 4.82 4.96 5.10 5.21
±0.36 0.44 0.27 0.72 0.65 0.57 0.42 0.76

Heart (%) 0.56 0.51 0.58 0.53 0.48 0.51 0.55 0.56
±0.11 0.07 0.08 0.13 0.18 0.11 0.05 0.09

Brain (%) 1.82 1.68 1.84 1.84 1.79 1.71 1.94 1.89
±0.13 0.25 0.06 0.24 0.31 0.26 0.11 0.14

Spleen (%) 0.38 0.39 0.36 0.35 0.43 0.33 0.43 0.89
±0.04 0.08 0.06 0.10 0.06 0.10 0.09 1.54

Kidney (%) 1.31 1.38 1.32 1.37 1.38 1.31 1.13 1.33
±0.06 0.18 0.04 0.24 0.19 0.16 0.32 0.14

Ovaries (%) 0.37 0.13 0.12 0.14 0.18 0.14 0.16 0.12
±0.54 0.08 0.06 0.05 0.04 0.08 0.05 0.05

$ mg/kg/day.
* Mean ± Standard Deviation.
@ Value significantly different from control at p < 0.05.
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Table 10: Organ-to-Drain Weight Ratio

Groups Control 100 316 1000
Day 45 90 45 90 45 90 45 90
n 5 10 5 10 5 10 5 10

Males

Liver (%) 391* 422 347 358 434 403 345 385
±34 71 48 103 50 74 41 28

Heart (%) 37.9 44.7 36.0 37.6 42.4 37.0 38.1 35.0
±4.4 9.1 7.2 12.2 7.0 2.2 6.3 4.2

Brain (%) 100 100 100 100 100 100 100 100
±0 ±0 ±0 ±0 ±0 ±0 ±0 ±0

Spleen (%) 22.4 21.2 21.1 20.1 32.6 20.9 19.2 22.9
±3.8 3.2 1.4 6.8 30.5 5.0 3.6 9.7

Kidney (%) 109 128 10 109 100 122 93 106
±14 17 17 33 10 20 13 30

Testes (%) 59 56 55 56 54 53 52 92
±6 5 5 18 3 7 5 114

Females

Liver (%) 293 309 279 302 274 297 265 278
±36 42 16 36 42 65 33 50

Heart (%) 30.3 30.3 31.5 28.6 26.2 30.5 28.4 29.7
±4.2 3.5 4.3 6.6 6.3 7.5 2.4 5.4

Brain (%) 100 100 100 100 100 100 100 100
±0 ±0 ±0 ±0 ±0 ±0 ±0 ±0

Spleen (%) 21.1 23.4 19.8 18.8 24.7 19.6 22.1 45.8
±3.2 4.2 3.6 4.8 5.1 5.3 4.1 77.7

Kidney (%) 72 83 72 74 80 77 59 71
±8 14 3 10 25 9 17 6

Ovaries (%) 20.2 8.0 6.2 7.5 10.2 8.0 8.1 6.5
±28.9 4.4 3.0 2.5 3.0 4.2 2.3 2.8

$ mg/kg/day.
* Mean ± Standard Deviation.



Frost et al--31

No compound-related gross or microscopic lesions were
observed. All gross and microscopic lesions were mild t(
minimal in severity and considered to be incidental findings
commonly observed in aging mice. The 316 mg/kg/day female
group had significantly decreased extramedullary
hematopoiesis in the liver compared to the controls (p <
0.05), but this was considered an incidental finding not
related to dosing. The pathology report is presented in
Appendix P.

DISCUSSION

No clinical signs of toxicity attributable to
nitroguanidine administration were observed during the 90-day
study period. In addition, no mortalities or lesions were
noted at necropsy or on microscopic examination that could be
attributed to nitroguanidine administration. No consistent
treatment-related changes were noted in food consumption,
body weights, serum chemistry, hematology, or organ weights
and weight ratios.

The lack of toxicity observed in this study is
consistent with the results of previously reported studies of
single-dose oral toxicity in mice (4), subacute toxicity in
rats (7), and studies of 90-day subchronic toxicity in rats
(8). Metabolism studies in rats (9) have indicated that
nitroguanidine is rapidly absorbed following oral
administration and is excreted in the urine over a dose range
from 20 mg/kg to 200 mg/kg. Absorption and excretion were
not measured at doses equivalent to the 1000 mg/kg/day
administered in this study. However, the lack of toxicity
observed in this study suggests that nitroguanidine might
also be rapidly absorbed following oral administration and
excreted in the urine at dose levels up to 1000 mg/kg/day.

Nitroguanidine may be acting as an osmotic diuretic in
this study. Urea, a chemically related compound, has been
used as an osmotic diuretic (10). Since nitcjuanidine is
considerably less soluble in water than guanidine or urea
(11), the excretion of nitroguanidine in the urine would
require considerably more urinary volume than would be
required to excrete a similar quantity of guanidine or urea.
The dose-related increases in water consumption following
nitroguanidine administration observed in this study are
consistent with an increased urinary volume requirement for
excretion of nitroguanidine.
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CONCLUSION

Nitroguanidine, fed at dose levels from 100 mg/kg/day to
1000 mg/kg/day in the diet for 90 days, did not cause any
appreciable toxicologic effects, other than increased water
consumption in the high-dose group, under the conditions of
this study.
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Appendix A: CHEMICAL DATA

Chemical Name: Nitroguanidine (NGu)

Other Lisce6 Names: Guanidine, Nitro; alpha-Nitroguanidine;
beta-Nitroguanidine

Chemical Abstracts Service Registry No.: 556-88-7

Lot Number: SOW85F011-028

LAIR Code: TP036B

Chemical Structure:

H2N\N 2
H2N /CO

Molecular Formula: CH4N402

Molecular Weight: 104.1

Physical State: White powder

Melting Point: 2320C1

Purity: 99.7% (Data Sheet Attached)

Source: Hercules Aerospace Division
Sunflower Ammunition Plant
DeSoto, Kansas

Analytical Data:

The major peaks in the infrared spectrum of the compound
were observed at 3450, 3396, 3342, 3278, 3201, 1666, 1634,
1525, 1404, 1314, 1151, 1045, 732 cm-1 .2 The spectrum was
identical to the Sadtler standard spectrum for
nitroguanidine.3

1 Fedoroff BT, Sheffield OE. Encyclopedia of explosives and
related items. Vol 6. Dover, NJ: Picatinny Arsenal, 1975:
G154.
2 Wheeler CR. Nitrocellulose-Nitroguanidine Projects.
Laboratory Notebook #85-12-022, pp 22-23. Presidio of San
Francisco, CA: Letterman Army Institute of Research.
3 Sadtler Research Laboratory, Inc. Sadtler standard spectra.
Philadelphia: The Sadtler Research Laboratory, Inc., 1962:
Infrared spectrogram #21421.
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Appendix A (cont.): CHEMICAL DATA

HPLC analysis showed only one peak (retention time, 4.8 min).
The conditions employed were as follows: column, Brownlee
RP-18 (4.6 x 250 mn); solvent, 10% methanol -90% water; flow
rate, 0.7 ml/min; oven temperature, 50°C; monitoring
wavelenght, 265 nm.1

Stabiity.

The concentrations of NGu in feed mixtures were
determined by analyses performed approximately nineteen
months after feed preparation. The results of these analyses
are presented in the table below. These data indicate that
NGu is stable in the feed for at least nineteen months.2

Target Date Date Concentration % of
Concentration Prepared Analyzed Determined by Target
(mg NGu/g feed) Analysis

(mg NGu/g feed)

50 19 August 85 17 March 87 50.27 100.5

10.05 21 August 85 17 March 87 9.92 98.7

3.51 21 August 85 17 March 87 3.515 100.1

1.05 21 August 85 17 March 87 1.022 97.3

i Wheeler CR. Nitrocellulose-Nitroguanidine Projects.
Laboratory Notebook #85-12-022, pp 24-25. Presidio of San
Francisco, CA: Letterman Army Institute of Research.
2 Wheeler CR. Nitrocellulose-Nitroguanidine Projects.
Laboratory Notebook #85-12-022, pp 36-37. Presidio of San
Francisco, CA: Letterman Army Institute of Research.
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Appendix A (cont.): CHEMICAL DATA

DESCRIPTION SHEET FOR EXPLOSIVES, CHEMICALS, ETC 7.2,

,0A..:O02-1091 AR U . 15 lop 2
0 , FROM: DT

¢oqarer |Sunflower Army Ammunition Plant lJune 26, 1985S A M? C AlJ ema t NCa ltiS !DeSoto, Kansas 66018

ArW Cemicl cooa" Af 5RIA.dock fsLAnd, ELL. 6I~Z99 Nitroguanidine

%AmuFACTU414 • ION TRIACT NO.
Hercules Aerospace Company . LDAAA09-76-C-4016 CT, IN M316

FRM "NSIJR 1, 'RAu NUMBF a OTA L OR, S0r$ iTTIT AMOUNT ACCEPTED
SOW85FO1l-028 - 10,950 pounda
LCE MNUPACTUICo JSFI PI MFCAON *O AEMOMS/ T/IDC"AING NO.
Stinflrlur Army Ammilt Ion Plant HIL-N-00494B dtd. 17 July 1984L SI,1N a -,q c~ b DtF AATIIZ7 .. ......

TEST REQUIREMENT--SHIFT AVERAGE

MAX- - - 0.30% 7.0 0.o6/ 0. 5% o.20% 020% .o0A

MIN- .oo .... . 5 - -- -- - 3.4
.LOT NO. OAT| SHIFT DRUMS PURITY ASH H ACIOOIN TV SUL- W.I. rss1 FATES

SOW85F01l-028 6-18-85 4-12 22-23 99.70 0.02 5.9 0.01 0.01 0.00 0.02 4.0
1-028 43-65

-028 - 68
-028 6-19-85 12-8 72 * * * * *
-028 74-78
-028 1 85-90
-028 114-115
-028 122-124
-028 155-157
-028 198-199
-028 6-19-85 8-4 216-219 A *
-028 234-235
-028 303-307
-028 309-314
-028 317-321 0
-028 6-19-85 4-12 405 99.71 0.04 5.9 0.00 0.01 0.00 0.02 4.1
-028 6-20-85 12-8 411-413 A * A A A A A A

1) Packaging: Level C - Fiber drums per specification DOT21C60.
2) Interfix number 011 iden'ifies lots manufactured with Sunflower produced guanidine nitrate
3) The average bulk density for Lot SOW85FO11-028 is 0.262 gm/cc as determined by Itethod

201.3 of NIL-STD-650.

SAMPL..I COMQOUCTED 47 "( AOV4 MATERIAL COMPLIES .t. W ALIC CAlt;oN
Hercules Aero,;p.ice Company JIQUUhettTS A S CENTP' a CORIC_,t

Hercules Aeronpace Company 7. X

INK AGOVI OICIICiD LOTS ARE M4Eilit ACCEPTED
PO THe COMMAMOCE

~ \qq,4 Chief. O A Division
0.1 1. -,a %tsA
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Appendix A (cont.) CHEMICAL DATA

DESCRIPTION SHEET FOR EXPLOSIVES. CHEMICALS, ETC 20I .2 2
DNSAN-P-702-I 091AR3S-1 202

PRol, OA,

us ASunflower Army ,imtuknirton Plant June 26. 1985
,S iol&I cow.s.- DeSoto. K.nsa. 66018

Aggat ORSIM.A
Rock t.aW. ,u.. z,--9 Nit roguanidin

e

MAKUPAC USR4 - .I R0AC 50o.
Hercules Aerospace Cumpiiy DW\AtO-7 -(/C-.016

PROMU mu "tRUk.Bs OTIALo.LoTs i% OTAL mdT AMOUT A CIfrg

SOW85FOl-028 1 I 10.950 pounds

#LACE MANUPAUS PECI FICA tON AND AMNOMEN rMAWING NO.

Sunflower Army Ammunition Plant MIL-N-00494B dtd. 17 July 1984IO a - DUK.O ofAtcEM L

TEST REQUIREMENT--SHIFT AVERAGE

MAX-- 0-.30/T0 .0'%% o. 0- .

MIN-- 900.oo% - - 3. 4-j- ' 4

LT TNO. OATS SHIFT ORUMS PURITY ASH H ACIOI TV fSUL WI #SSS

SOW85F011-028 415-534
-028 537-548
-028 6-20-85 8-4 557-566 * *A
-n28 568-572

TOTAL DRUMS 219

*Testing for requirement at reduced frequency per MIL-STD-1235A.

Sampling and testing in accordance with HIL-N-004948 and MIL-STD-1235A. The test result

reported is an average of shift samples on the date the lot was packed.

1) Packaging: Level C - Fiber drums per specification DOT21C60.
2) Interfix number 011 identifies lots manufactured with Sunflower produced guanidine nitrate

3) The average bulk density'for Lot SOW85FO1-028 Is 0.262 gm/cc as determined by Method

201.3 of HIL-STD-650.

"".OC to sy T" aOVe MNATSRAL CONC1lS .'T AU6 Sp'gEC,"O"

Hercules Aerospace Company ; , ., ' P / --r

S TESTING CONGU .TSO ST - A. s, 1 ish, Ou ?itv. Asurnnee noent
Hercules Aerospace Company I I

fmt- AOVE O1SIcRllo Lots 11 esy AcCeISe
PON The CONNA"Oe1

< .. C s ,Chief, QA Division- --
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Appendix B: ANIMAL DATA

Species: Mus musculus

Strain: ICR

Source: Harlan Sprague Dawley, Inc.
Indianapolis, Ind.

Sex: Male and female.

Date of birth: Male - 13 Feb 1987
Female - 13 Feb 1987

Method of randomization: Weight bias, stratified animal
allocation (TOXYS® Animal
Allocation Program, SOP OP-ISG-24)

Animals in each group: 15 male and 15 female animals.

10 each for baseline controls

Condition of animals at start of study: Normal

Body weight range at start of dosing: 22 - 36 g

Identification procedures: Tail tattoo procedure (SOP OP-
ARG-1), numbers between(87C00020-
87C00182) inclusive.

Pretest conditioning: Quarantine/acclimation from 18 March
1987 - 1, 2 April 1987 males and
females, respectively.

Justification: The laboratory mouse has proven to be a
sensitive and reliable system for sub-
chronic cral toxicity determination.
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Appendix C: ANALYSIS OF FEED MIXTURES

INTRODUCTION

Feed mixtures containing nitroguanidine (NGu) were
prepared to provide dose levels of nitroguanidine for
laboratory rodents. The dose levels ranged from 100 to 1000
mg NGu/kg body weight per day. Differing food consumption
rates and body weights required the preparation of separate
diets for male and female mice. New diets were prepared each
week to account for changes in body weight due to growth.
The target concentrations of NGu in the feed mixtures ranged
from 0.48 to 7.95 mg NGu per gram of diet. Samples of the
feed mixtures were analyzed by HPLC to determine the
concentration and homogeneity of NGu in the mixtures.
Methylnitroguanidine (MNGu) was used as an internal standard.

MATERIALS

Nitroguanidine (Lot Nos. SOW85FO11-028) was obtained
from the Sunflower Army Ammunition Plant, Desoto, Kansas.
Methylnitroguanidine was synthesized following the method of
McKay2 using l-methyl-3-nitro-l-nitrosoguanidine (MMNG) 97%,
and methylamine (40 wt % in water, Lot No. 0719AL) purchased
from Aldrich Chemical Co., St. Louis, MO. The Rodent ChowO

was ordered from Ralston Purina Co., St. Louis, MO. HPLC
grade methanol was obtained from J. T. Baker Co.,
Phillipsburg, NJ. All water used in the assay was distilled
and treated with UV light using an Organicpure® still
(Sybron/Barnstead, Boston, MA).

METHODS

Initially, stock solutions of NGu (1 mg/ml) and MNGu (1
mg/ml) in water were prepared. Standard solutions for the
calibration plot were then prepared as dilutions to 25 ml
with water of the stock solutions (Table 1). These standards
were analyzed at the beginning and end of each run.
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Appendix C (cont.): ANALYSIS OF FEED MIXTURES

Table 1: Preparation of Standard Solutions

Tube # Target Conc. Target Conc. MIs of NGu MIs of MNGu
of NGu of MNGu
mg/ml mg/ml

1 0.010 0.040 0.250 1.000

2 0.020 0.040 0.500 1.000

3 0.030 0.040 0.750 1.000

4 0.040 0.040 1.000 1.000

5 0.050 0.040 1.250 1.000

6 0.060 0.040 1.500 1.000

7 0.080 0.040 2.000 1.000

The standards prepared on 7 Dec 1987 were used
throughout the analysis period from 8 Dec to 14 Dec. The
stability of these solutions was verified by a stability
study conducted during a 14-day oral subchronic toxicity
study.3 When not in use, the standard solutions were kept at
40C in screw-cap volumetrics.

Samples from the feed mixtures and premix were extracted
by adding varying amounts of water and the MNGu stock
solution (1 ml/mg) as described in Table 2.

Table 2: Preparation of Feed Mixture Samples

Dose Level Gm of Diet Mis of MNGu Mls of Water Total Volume
(mg/kg/day) Analyzed Soln Added Added (dil. factor)

100 1.00 1 24 25

316 1.00 4 96 100

1000 1.00 10 240 250

Premix 0.25 10 240 250
(50 mg/g)
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Appendix C (cont.): ANALYSIS OF FEED MIXTURES

The samples were stirred for one hour. The supernatant
from each tube was filtered through a Swinney adaptor with a
millipore filter (0.2 gm). This filtrate was subsequently
analyzed using a Hewlett-Packard 1090 HPLC system.

To determine the homogeneity of the feed mixtures, samples
were taken from the right, left, and bottom ports of the Twin
Shell Blender used in preparation of the diet and analyzed.
Samples for testing homogeneity were collected during the first
and eighth weeks of the study.

HPLC PARAMETERS

Column: Brownlee RP-18, Spheri 5 (250 x 4.6 mm)
Guard Column: Brownlee New Guard RP-18, 7 gm

(15 x 3.2 mm)
Mobile Phase: 10% Methanol:90% Water

Flow Rate: 0.7 ml/min
Wavelength: 265 nm, 550 nm (ref. wavelength)

Injection Volume: 10 gi
Peak Width: 0.1 min

Retention Time: 4.8 min

CALCULATIONS

The ratio of NGu to MNGU peak area was calculated for
each of the standards and samples. Least squares linear
regression analysis of the standard concentrations vs. the
peak area ratios was performed to obtain a standard curve.
The curve used was in the form of the best fitting line: y
mx + b, where y is the peak area ratio, m is the slope, x is
the concentration of NGu and b is the y-intercept. The
concentration of each extract was calculated by substituting
for y the peak area ratio obtained from HPLC analysis and
solving for x. All calculations were performed on a TI-55
scientific calculator. To calculate the concentration in the
diet in terms of mg of NGu per gram of diet, the
concentration of the extract was multiplied by the dilution
factor and divided by the weight of the diet sample
extracted. The experimental concentrations were compared to
the target concentrations and reported as a percent of
target.
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Appendix C (cont.): ANALYSIS OF FEED MIXTURES

RESULTS

The plots of NGu concentration versus peak area ratio
were linear within the range of concentrations analyzed. The
results of the regression analysis for each run are shown in
Table 3.

Table 3: Regression Analysis Values from Each Run

Date of Run y-intercept Slope Correlation
Coefficient

8 Dec 87 0.0120 28.12 0.99995

9 Dec 87 0.0115 27.90 0.99995

10 Dec 87 0.0119 27.90 0.99996

14 Dec 87 0.0126 27.91 0.99995

13 Sep 88 0.0046 28.74 0.99996

Under the conditions of the analysis, NGu eluted with a
retention time of approximately 4.8 minutes, and MNGu eluted
with a retention time of approximately 6.0 minutes. All
samples (96) were analyzed within one week. Only one sample
was extracted and analyzed from each batch of feed. The
results from the analysis of diet mixtures are shown in Table
4.

Table 4: Analysis of Diet Mixtures

Target Date Date Concentration % of
Concentration Prepared Analyzed Determined by Target
(mg NGu/g feed) Analysis

(mg NGu/g feedl

50.000 30 Mar 87 8 Dec 87 49.120 98.2

50.000 13 Apr 87 8 Dec 87 51.000 102.0
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Appendix C (cont.): ANALYSIS OF FEED MIXTURES

Table 4 (cont.): Analysis of Diet Mixtures

Target Date Date Concentration % of
Concentration Prepared Analyzed Determined by Target
(mg NGu/g feed) Analysis

(mg NGu/g feed

6.467(Right) 1 Apr 87 8 Dec 87 6.500 100.5

6.467(Bottom) 1 Apr 87 8 Dec 87 6.460 99.9

6.467(Left) 1 Apr 87 8 Dec 87 6.620 102.4

6.467(Mean) 1 Apr 87 8 Dec 87 6.527 100.9

1.998 (Left) 1 Apr 87 8 Dec 87 1.896 94.9

1.998(Right) 1 Apr 87 8 Dec 87 1.926 96.4

1.998(Bottom) 1 Apr 87 8 Dec 87 1.898 95.0

1.998(Mean) 1 Apr 87 8 Dec 87 1.907 95.4

0.670(Right) 1 Apr 87 8 Dec 87 0.643 95.9

0.670(Left) 1 Apr 87 8 Dec 87 0.663 98.9

0.670(Bottom) 1 Apr 87 8 Dec 87 0.643 95.9

0.670(Mean) 1 Apr 87 8 Dec 87 0.650 96.9

1.398 2 Apr 87 8 Dec 87 1.290 92.3

4.384 2 Apr 87 8 Dec 87 4.480 102.2

0.480 2 Apr 87 8 Dec 87 0.437 91.1

6.715 8 Apr 87 8 Dec 87 6.270 93.4

2.072 8 Apr 87 8 Dec 87 1.970 95.1

0.575 8 Apr 87 8 Dec 87 0.545 94.7

1.909 9 Apr 87 8 Dec 87 1.780 93.2

0.567 9 Apr 87 14 Dec 87 0.580 102.2
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Appendix C (cont.): ANALYSIS OF FEED MIXTURES

Table 4 (cont.): Analysis of Diet Mixtures

Target Date Date Concentration % of
Concentration Prepared Analyzed Determined by Target
(mg NGu/g feed) Analysis

(mg NGu/g feed)

6.242 9 Apr 87 8 Dec 87 6.070 97.2

6.512 15 Apr 87 8 Dec 87 6.341 97,4

1.992 15 Apr 87 8 Dec 87 1.942 97.5

0.598 15 Apr 87 8 Dec 87 0.558 93.3

5.015 16 Apr 87 8 Dec 87 4.979 99.3

1.705 16 Apr 87 8 Dec 87 1.605 94.2

0.508 16 Apr 87 8 Dec 87 0.483 95.1

6.671 22 Apr 87 8 Dec 87 6.622 99.3

1.947 22 Apr 87 8 Dec 87 1.783 91.6

0.626 22 Apr 87 8 Dec 87 0.576 92.0

0.531 23 Apr 87 8 Dec 87 0.493 92.8

1.627 23 Apr 87 9 Dec 87 1.643 101.0

5.170 23 Apr 87 9 Dec 87 5.034 97.4

7.000 29 Apr 87 9 Dec 87 6.751 96.4

2.150 29 Apr 87 14 Dec 87 1.980 92.1

0.695 29 Apr 87 9 Dec 87 0.650 93.6

1.728 30 Apr 87 9 Dec 87 1.597 92.4

5.263 30 Apr 87 9 Dec 87 4.880 92.7

0.534 30 Apr 87 14 Dec 87 0.535 100.2

50.000 4 May 87 9 Dec 87 48.200 96.4
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Appendix C (cont.): ANALYSIS OF FEED MIXTURES

Table 4 (cont.): Analysis of Diet Mixtures

Target Date Date Concentration % of
Concentration Prepared Analyzed Determined by Target
(mg NGu/g feed) Analysis

(mg NGu/a feed)

0.690 6 May 87 14 Dec 87 0.713 103.3

2.144 6 May 87 14 Dec 87 2.113 98.6

7.053 6 May 87 9 Dec 87 6.680 94.7

0.556 7 May 87 9 Dec 87 0.513 92.3

1.849 7 May 87 9 Dec 87 1.738 94.0

5.900 7 May 87 9 Dec 87 5.805 98.4

7.213 13 May 87 9 Dec 87 7.292 101.1

2.307 13 May 87 14 Dec 87 2.330 101.0

0.770 13 May 87 9 Dec 87 0.693 90.0

0.569 14 May 87 9 Dec 87 0.538 94.5

5.442 14 May 87 9 Dec 87 5.231 96.1

1.893 14 May 87 9 Dec 87 1.760 93.0

50.000 19 May 87 14 Dec 87 51.200 102.4

0.768(Left) 2C May 87 9 Dec 87 0.750 97.7

0.768(Right) 20 May 87 9 Dec 87 0.705 91.9

0.768(Bottom) 20 May 87 9 Dec 87 0.760 99.0

0.768(Mean) 20 May 87 9 Dec 87 0.738 96.2

2.321(Left) 20 May 87 14 Dec 87 2.327 100.7

2.321(Right) 20 May 87 14 Dec 87 2.405 103.6

2.321(Bottom) 20 May 87 14 Dec 87 2.291 98.7
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Appendix C (cont.): ANALYSIS Or FEED MIXTURES

Table 4 (cont.): Analysis of Diet Mixtures

Target Date Date Concentration % of
Concentration Prepared Analyzed Determined by Target
(mg NGu/g feed) Analysis

(mg NGu/g feed)

2.321(Mean) 20 May 87 14 Dec 87 2.341 101.0

7.688 (Bottom) 20 May 87 9 Dec 87 7.453 96.9

7.688(Right) 20 May 87 10 Dec 87 7.639 99.4

7.688(Left) 20 May 87 10 Dec 87 7.406 96.3

7.688(Mean) 20 May 87 10 Dec 87 7.499 97.5

0.601 21 May 87 14 Dec 87 0.613 102.0

1.831 21 May 87 14 Dec 87 1.768 96.5

5.372 21 May 87 10 Dec 87 5.108 95.1

7.952 27 May 87 10 Dec 87 7.811 98.2

2.383 27 May 87 10 Dec 87 2.541 106.6

0.745 27 May 87 13 Sep 88 0.773 103.7

1.839 28 May 87 14 Dec 87 1.808 98.3

0.502 28 May 87 14 Dec 87 0.495 98.6

5.735 28 May 87 10 Dec 87 5.757 100.4

0.648 3 Jun 87 10 Dec 87 0.583 90.0

2.069 3 Jun 87 10 Dec 87 1.915 92.6

6.455 3 Jun 87 10 Jun 87 6.151 95.3

0.462 4 Jun 87 14 Dec 87 0.470 101.6

1.754 4 Jun 87 10 Dec 87 1.620 92.4

4.941 4 Jun 87 10 Dec 87 4.757 96.3
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Appendix C (cont.): ANALYSIS OF FEED MIXTURES

Table 4 (cont.): Analysis of Diet Mixtures

Target Date Date Concentration % of
Concentration Prepared Analyzed Determined by Target
(mg NGu/g feed) Analysis

(mg NGu/g feed)

50.00 9 Jun 87 10 Dec 87 49.000 98.0

0.650 10 Jun 87 10 Dec 87 0.615 94.6

2.289 10 Jun 87 14 Dec 87 2.241 97.9

6.964 10 Jun 87 10 Dec 87 6.962 100.0

5.326 11 Jun 87 10 Dec 87 5.191 97.5

1.754 11 Jun 87 10 Dec 87 1.685 96.1

0.555 11 Jun 87 14 Dec 87 0.535 96.4

7.186 17 Jun 87 10 Dec 87 6.901 96.0

2.473 17 Jun 87 14 Dec 87 2.542 102.8

0.743 17 Jun 87 10 Dec 87 0.700 94.2

5.316 18 Jun 87 10 Dec 87 5.349 100.6

1.791 18 Jun 87 14 Dec 87 1.765 98.6

0.521 18 Jun 87 10 Dec 87 0.490 94.0

7.425 24 Jun 87 10 Dec 87 7.284 98.1

2.344 24 Jun 87 14 Dec 87 2.316 98.8

0.743 24 Jun 87 10 Dec 87 0.693 93.3

5.608 25 Jun 87 10 Dec 87 5.460 97.4

1.752 25 Jun 87 10 Dec 87 1.705 97.3

0.604 25 Jun 87 10 Dec 87 0.545 90.3
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Results of the homogeneity study are shown in Table 5.

Table 5: Homogeneity of Mixtures

Target Conc Site of Conc Detn @  Mean Conc Absolute
of NGu(mg/g) Sampling by Analysis (mg/g) Dev. from

(mg/g) Mean (%)

Week 1

Right 0.643 1.0
0.670 Left 0.663 0.650 2.1

Bottom 0.643 1.0

Right 1.926 1.0
1.999 Left 1.896 1.907 0.6

Bottom 1.898 0.5

Right 6.500 0.4
6.467 Left 6.620 6.527 1.4

Bottom 6.460 1.0

Week 8

Right 0.705 4.5
0.768 Left 0.750 0.738 1.6

Bottom 0.760 2.9

Right 2.327 0.6
2.321 Left 2.405 2.341 2.7

Bottom 2.291 2.1

Right 7.639 1.9
7.688 Left 7.406 7.499 1.2

Bottom 7.453 0.6

@Detn = Determination.

DISCUSSION

The concentration of NGu in the diet mixtures was within
10% of the target concentration. Samples collected during
the first and eighth weeks of the study showed that the NGu
concentration was homogeneous in the feed over the range
tested, according to the EPA criteria for homogeneity.4 Table
6 contains the summary of target values.
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Appendix C (cont.): ANALYSIS OF FEED MIXTURES

Table 6: Range of % of Target Values

WEEK MALE FEMALE
1 95.0- 102.4 _91.1-102.2 -
2 93.4- 95.1 93.2-102.2
3 93.3- 97.5 94.2- 99.3
4 91.6- 99.3 92.8-101.0
5 92.1- 96.4 91.1-100.2
6 94.7- 103.3 92.3- 98.4
7 90.0- 101.1 93.0- 96.1
8 91.9- 103.6 95.1-102.0
9 98.2- 106.6 98.3-100.4

10 90.0- 95.3 92.4-101.6
11 94.6- 100.0 96.1- 97.5
12 94.2- 102.8 94.0-100.6
13 93-.3- 98.8 90.3- 97.4
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of Nitroguanidine in Podent Chow. Toxicology Series 228.
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substituted-3-nitroguanidines. Can. patent 519,488. 1955
Dec 13. In: Chemical Abstracts, 1956; 50: 12107.

3. Morgan EW, Brown LD, Lewis CM, Dahlgren RR, Korte DW.
Fourteen-Day Subchronic Oral Toxicity Study of Nitroguanidine
in Rats. Toxicology Series 146. Presidio of San Francisco,
CA: Letterman Army Institute of Research. June, 1988,
Institute Report No. 272.

4. EPA, GLP Standards, Final Rule (40 CFR part 792) as
published in the Federal Register, 29 Nov 1983, Vol. 48, No.
230, pp. 53931-53933.
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Appendix D: HISTORICAL LISTING OF STUDY EVENTS

Date Event

18 March 87 Animals arrived at LAIR. They were sexed,
observed for illness, weighed, and caged in
the GLP Suite.

19 Mar-1 Apr 87 Animals were checked daily.

23 Mar 87 Animals were tail tattooed.

25,26 Mar 87 Animals were weighed, males and females
respectively, and food and water
consumption monitored (feeders and water
bottles weighed)

30 Mar, 11 May Eyes were examined and initial, interim, and
29 Jun 87 terminal sacrifices were performed.

1 April 87 Animals were removed from quarantine, males
were weighed, dietary concentrations were
calculated, and diet containing test
compound was started. Ten baseline control
males were submitted for necropsy,
hematology, and serology.

1 April- Observations were conducted twice daily.
2 July 87

2 April 87 Females were weighed, dietary concentrations
were calculated, and diet containing test
compound was started. Ten baseline control
females were submitted for necropsy,
hematology, and serology.

8, 15,22,29 Apr, Males were observed and weighed, and water
6, 13,20,27 May bottles end feeders were weighed. Diet
3,10,17,24 Jun requiremernts were prepared and feeders were
1987 changed to new mix.

9,16,23,30 Apr Females were observed and weighed, and water
7,14,21,28 May bottles and feeders were weighed. Diet
4,11,18,25 Jun requirements were recalculated and new feed
1987 mixes were prepared. Feeders were changed

to new mix.

13,14 May 87 Five males and 5 females per group
were submitted for necropsy,
hematology, and serology.
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Appendix D (cont.): HISTORICAL LISTING OF STUDY
EVENTS

1,2 July 87 Males and females, respectively,were
observed, weighed, and submitted for
necropsy. Blood and tissue samples were
taken for the measurements specified.
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Appendix E: HEMATOLOGY/CLINICAL CHEMISTRY INDICES

The following are LAIR GLP SOPs for the Hematology
measurements performed during the study:

1. Complete Blood Count- OP-PSG-40 (WBC, RBC, HGB, HCT,
MCV, MCH, and MCHC).

2. WBC Differential - OP-PSG-26 (neutrophils, lymphocytes,
eosinophils, and monocytes)

Counts for the neutrophils, lymphocytes, eosinophils,
and monocytes are obtained by multiplying the WBC by the
appropriate percentage obtained from the differential count.

The following are LAIR GLP SOPs for the Clinical
Chemistry measurements performed during the study:

1. Calcium - OP-ACH-76
2. Sodium and Potassium - SOP being written; measurements

performed in accordance with COBAS FARATM Operator Manual
44351, software version 8650

3. Chloride - OP-ACH-79
4. Magnesium - OP-ACH-77
5. Phosphorus - OP-ACH-73
6. Glucose - OP-ACH-66
7. Cholesterol - OP-ACH-69
8. Triglycerides - OP-ACH-68
9. Creatinine - OP-ACH-75

10. Blood Urea Nitrogen - OP-ACH-64
11. Uric Acid - OP-ACH-70
12. Albumin - OP-ACH-74
13. Total Protein - OP-ACH-72
14. Total Bilirubin - OP-ACH-78
15. Serum Iron - OP-ACH-80
16. Aspartate Amino-Transferase - OP-ACH-61
17. Alanine Amino-Transferase - OP-ACH-63
18. Lactate Dehydrogenase - OP-ACH-62
19. Creatine Phosphokinase - OP-ACH-65
20. Alkaline Phosphatase - OP-ACH-67

Globulin values were calculated by subtracting the
albumin values from the total protein values.



Frost et al--56

C ~ 00O 0D 000 000 000 C C > >

C'J 000 0) 000 00D 000) DC C > a O

_> C-
4  

000 C0 000 000 000 ) >CO

>1

0
H

'-4
Z

0

N -4

0 -4
*Q

.54

Q 4)

-- ~ 'r. 0-4 U') U'r- 0o', C CN Y) Ud (-
cr m 0jwr r - wm (

0000000000C C C aC)(D000C)0 2:cPJcJn 4c



Frost et al--57

(N 0 DC D r-4~ r-W n n o O 1

1-1 ODON ODr-a'c M O O o 0

~hg

r-14D D r~- r- r- m co 00 -4

0-
CO-0(n r co V -M . C m4TU

.41

0oc 'D kD r- ko V -c% CN Vr4UO)% w
1- w-40 0~

Z0
HI

N 0

o Ch CqfAc nr Mr -0 lm AC o O -4 0
1% 0 9S -4f rl 4 0

14 54 4.4

-1

-~ 0

4J0 0N DC 00 a MCV l %0V 00C%

CJ 0
*4-)

lb. C>wc .0 -c -C nc or Dr-4

41-
C%4 m w O OMC C ,mj-wC 4 (N C14 tn N c,4 0 4

.- 4 -4

* A

.14 C 4 v w p % m t T-4r-4U) 0 co00 ( v

N M n M -w n W r- O COco a 0) ) 4

CD C)C> C C) l C)C> C CD D ClCl C C) W t



Frost et al--58

cn ~ r4~ 4 rl %DV4- % , - I % OC

m M'N (n C%j (*N (NN (N

(N m m r- 0 v4 ~r- qU) mm

(N kom wf0 q 0 ONOOV4 qrw 1

Mn (n C%4 M c m q N m (m

A 14 (n 14 0N N N M 0 04 C1

0~4~

00 LA 0 CA -fD 1)~--im k W

0 c L - VN () % %Ln Lr- r-- 0O

~~( 0'DN AD(,4 mC4  m 04

Z0

m4 r 0(o) ( O C4 O~ CO r n "O' p

uq 0
124 m 0 w > rqN -Wa% > COLO C4 mr- C Ln.0 0

.641

W0r4c w %a co "~L (N, L v4ri Cl 40
*na NmmC oc4L LAO (N ~-4' qw IVv-4 *.4

N M (N C4 04 C%4 M N M~ N 4-iCMM)4

*~0

0 0

m M N CNOD ",0 Vr- M W 4 % W 0 (n - r
C) 3 .0fn :, ( - C- % a mM c w cn5

M M (N MCj()c n S nN N N c



Frost et al--59

m IV lw o 0 dfr4 -4 w C 1 c 4%

m n c a%( rvnLf (IO - a 0o

00 O o C o0% q00c

m- COL r > 4L

i co kDtD 0ww r 0 m( Or- -
co CC 4 CD 4 COC > - oCA4

C>I W-4q lw 1-4co m 4 OC mf-4 r- )0w

V2 1-4 m 0L h - -4 a ovq

0
m

Go LO U(n L a) %0 '.C14mJo 0m
'kD r-0 0> CD r- w O h-4 r -L
r-4 C)' qw 4 00 < LO r-4 C r.-4 (U
r-4 Cr,4 V-4 rWr4 rq H 1-4 q -4 4

0oc C'i oCN r- r-o~ aC Dr- C DNC

CO aL hC* o NNO %f4-4
N 4*

01 a 0% a%. 00o ac)j Ch aiCON
0

to 04 r- ) 4 nr o 0 pC ( L r- c

H 14i- -4 1-44-

H

0
* u

4 JL - D DNmN1- Q% %~D %0 w4 %
00( -I -C4r NVVC MVNr Wqq ( 4 - Q%D 4 H

oD0 na i6 % )c %c nm (
r -4 0

1-4

Nn tot-ON ON 1-41-4m r D (

0 ('J~.D0 0~w-r4I (aJ% U.-

1-4 7-4 t-h4 s--l-.

M V - v- M L CDM f- Ln r-%0 VM r400

.
-42 Inr -w )Nr C4m"L

"U N v000 o Dr r
Cl > C C>C > C C>> C >C C >t



Frost et al--60

mV 000 0D 000 00 000 D )CPCl C

0
H

14 4

0

5404
H -4

$4

IV44

000o-to0000 V a00000I-fLn00 0 c00 (
r-4 -4 4 C1 C4m m W vkn L %. %D 0 n

-4 14 -4 q A 4 q 4 T- "i q 14 -4 5 4



Frost et al--61

%D O C4 0 ONQU CO O mm aV

V- 4 4 w-4

C4 r-0 M (VOD m C r- r- co % L
00C OoC o r- r- 0 -I a

r-4 r I T-

O- CP00(nT4 T1 4 4%) mOC -4
M rl 4-4 w-4

C> w (Y) O CVN a% M ),- m~ ~L f
r-4 o % CDa% -4 r-'o r-o 0% C 0V

0

0 0'UqC C> CO m (n CJ ko C)C-
W1 rIr-4 v-4 14 r4 VI

coN wV4 - q 0 -4 cr -4 0
-4'-4-4 4 -4 -- 4r *1-0

04

o%4LOc w 0 4~~- 0) C

-4 r-4 qr.4 rl0
H 44

U) C oC 4 - %coC -mC OON Go m 0%r-u4

O~Ei

04
0

4) c)~ Lnr nwn) - wc nm mr- l r

v - -44 w- -4 -4 -4o 0
-4

h m 4m )m o r1 C n -40 rIq 1- q. 04q

0.4 14 4 r-4 r-4 -I r-4 q.4-4 r-4 44~

'4 CC

r9I l

0 .0 M

CD r- 4 wr-I - -4 rf -4 -4 4w- -4 r-ICI : Y)



Frost et al--62

9 N C4 N ( "0 CVC CNV

ON % > 40% 0 C\CV Go. ~-4 4. W
-4 1- 4 . C>C1 CN 0 %D C M-4

01
r-00 rM 4o r- r-w rU)4

A m N NJ C .04CV) r--(Y0 C%4 (Y) N -

**-4-i

00
o- %0 N r ) W c r- m %0M

0V
H

o N4 qw Oq'w -r-m0 ( -4 0

04 04 m -4 (Nmm Y 0

H C CNN ' CN04 (Y)(CN V) m r

0

0o > CV Oqw)Nr- )m 4k C) C4 N) CV) q -

F 004
H $-4

z 0 0
U-) 41i

N - Mq I (N M )n 4 Nl O V-'O M Uq n Y %

ko ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ *- w .v - DM-4rf0 ar %r( 0 -

40

0 CY) " .0 4 4NN ()M

(n4 ()0'V M L'N OOD N M 0r-CVI - I-W W - O -

04-i

r- C H(w WV O r . 4yD 0C U 04 VC~I %D 0



Frost et al--63

V)) -W~ N~ r-C>C c - o 1 W
m- C)q m VA 0ooC> r- Lr) .' ,.

1- -4 r-4 r4r4 -

_- 0> c) M -4 V W -I r-4 u-I U W q

A- m( 0o C> OD a%)( 'D- O V

a% m~' 00Oo W- -i o C4C W 0 -4' w

00

E- U r-I (%JO- M 'A )- C4O rlH w 'r-- C 1m%
00 lwJ r4w-r4Ch G V m kor-c

aN en CpC O-4 ro -4m4 4C

0 c-i %D4-' a D q 14N r Dr

r4 r- r-f-4 U ~ -

%D ~ 04CN C M -WON C'.JLO LO 0A-

Cl r-'I q.~ r-4lU0

o L oO 04 r~q -q ~ c4wv0 nO ~ OV

E-4 0 H t4 r-
4  r 4 H t-44 rq H44

H $4

z 0 4

0n r--m-~aw 'mr-r~D CD-4c
r-co-r r- wr-cor- %D%0 o r

t- ~-4 r-4 -4 u4 0

m *4wc-wN%)o na L -wr-Hv V

r- U r-4M CCr-4 r- f MC k 4 "O C C1.4

C, ( 4 r- 4 r--C4 ) 4- 4u- ae4O 4 'CN 4 4-

H0- - 4- - - - H. q )qc Or- 4H -4~Df -4r

04~~~$ 404(J~~C4-

,-w44--4 V - WV-4,-4u-4-4 ~ C> C w

r-4 )Urr--q~o 0 I D 0

r30 i-)
*rH U 0V- C>r mwmvw -vkovC

r C N NN m v 00 0 w r w w W 4



Frost et al--64

en. aC o M n OD~ qw c>fna t r % n -I

W --4 C14 enm (n n n 4

0N c nCP cn C4l NU OD'O 00 (' qw -

o-A qonr-I r- ( -4% nc

M q(V(V CV n

0 Ln W D Ln T- r- C) %0 U-) %D U) lw 4
H C1~(~ M Y M M M Mw mce) (

g ~~~~%D r )C - )% 0VC rCO% D r, Ln v -i

0

We 4
C3O 4c - -T1L C NI W- f % 0 a% %Dlw -4

N n( w(Y V3 mmr Y Y

v U% mq - nma - wL ik ap LO V~oA L~ t r4

C14 %DM M W -4 W M 0 V l ( %0 U) -4

'44

.A-

'V~' it~o. it
A D0 iC D- f D l -(% lC4(

(1 1 Y n( 0r - -O 0O N 4 6)0
k ,C') C) C C- C.L) C C)C5 0 40C.7C) ) x n c itcn



Frost et ai-- 65

M % 4coC ~ J CDOO n%04m N - wwT4

N- r- q r v( " Vr w U CDO~ y

0> -iW VON COq'w 00 r-a '.DLO C'j

0l A DL 1~-o 00r n DC r O

-w low'C~ coR nW I*T4r O

Go v~yC (- -INt L
Nv m m w M

14m m m c

1-1 m 4f C C>wmw qNr ML -

InN2 mmwvr Ns pr

o N* - ONM lr C V

UY C1 '-DVMN OMMC D D k 0-

4 C>m 0 q v N mM W 0 r w c LO -4

144

I.) 4 wt C)%o()OV4 4U 0C > O (1
04mmm()q l% r oO ) Na I

coc0Dc Dc >c ( DC 0V / tU



Frost et al--66

m C%4 IV T 110 14 j U-) 4 CO C4

CV 4 W % ~ c' 00r~~ CN 0 D0 M L -

M m mm mmmm

oo m % W% UC) qwC OCD V0

H

of 0 C) C W04CO -4 4r- c % - DC

MOM nmmnmVMmVlwmN (Y)~

00

'.4
%0 00 CY 04VM D0 0 o4pt o mm L WN

(n N3 y WC n0 N m-
0w

Ui

C) (UC )C )C lC C 00 >4 )U



Frost et al--67

m n m mr - C m(n (

in C) or lwC Ir- w ) o mko ko)n-

Clr- i r - %0 r-%D 0 Lrr-e

M m (n4 v l mm L Mm

z a4

0 0
$4w ~ w q %

0c
8I V~

w -vr -mm0mmk a( -

'.4 T- Or w0v0% mNmJ
(Y)

Q- r.rfVq OC - - % oNrI( (Y)LO r-4

(0

IK 4(.14 tn - o r 0 V - 0 0 r'04M NLO (01 6
N N w RVV L LO n % w t r- - ( 4m ) 4

C) 4 CO ) CDC> C e-- 40 D 40a 00CD C



Frost et al--68

mm IT mm YwY) )

Co 0c ' Cb) C. 'Tc -14"0 0m-
_ce c m uT m )

m nm c n( cn M -

o e Mc qw v M(nm n c

z o r H - lc>c o0 -C
0 nmvC M0 nH

8

94 M WM0 C,,)C 4(Y y Y

0

0

(Y)~~~~~~~1 U) (nMVc MM()NN e

"4 C m 4 m A t r-I11 > 0 co o N%0 c m w r

10(n'O(YM WMMCM(Y04C(Y YM Y

14H

>04

)
fuU

5I R 4 i i
%00 N C O C n r4 M r4 L 0 O 0 0ci-i r- - % 1 w V L L Dk Dr 1 -

-4-41- T4 -4r- r r4 -4H -4 4 l x ) ) K0 )



Frost et al-- 69

m m m U) q '0 r-L( m mlw

CIk IL -fL C4 V V LA qT m O C'

(n m mqVqcn rv) tn q

C> n n O' C w % LO N > 0o '0C4

m wCNmmM

(n0 Nc lO - 1 Or- vO
LO6 - wV O I

co 134cl - r-%0 O ( LA h LA -r

0 r 0

0

vc w O OYLAr 0 'W0- Mv l C O -

(4 V - (Lq0 -0 c q q V MU)CNC%4V )

00

.1 Y -4- r 4 C - 0L OD ar- U)L W

C4 - - - 4r4r4r4 r-4 - J(-Ir-4-4 cn) C/ c0



Frost et al--70

(n - n %D.0 ko r- r-oq W D 1

-N v' a CW" a ) NclC 1 ')C

M' (D~V vV cmNT1 n k L %

on CCN m CN (f) (') nm

(n% 0 v - -- qC4 k - 1

LA ODO v w - r-Tc 4 o - %r N

z

0

Q

N~ (n() %4M 04 'WC M

C

0.

N) m Y N"m()mmmmvmmN C'J(% )-
0 1-4

r-4 cy C1 c) ( L c)w - a o w -4%o - C,-Tr 0

Q)

4t4 r. 011

.14 LOaC4O C 'JC4 UOCC) N < (V ( -() -I
C) 00r4r- N 1 L) ko %0 D .r-' 0)0il~ ~ ~ ~ ~ ~ ~ ~ C)I 1 1- 411(I)f 4- 414r4 4r



Frost et al--71

m- %0) N 1 D O 0 -V
m m m~(V (V()Y m V CV) l

C> - LO0 -4 ID IVc I~C) 0) r-00 C%

o) ko CNV)V-4 CN C') r- 0 C\() m %.

z coLO L %0q- r-CA J. 00 l N - C m m D

z 0

0 r

(Y)

m (Y (Y)~ o q o O m Y Y)m()RWmq n Y

044
04( nC) - 4()C% WU U'O U C ) NMEn () 4

fn N'\CJ'.ci(

--
a)~ ~~~ roj co -CV
Ci)~~~1 -4U U((VU

(T>

c 4c).rj r-c> r w w v % r- v kD -w , U
rl C N NN mv -W0 0 w 'D r w

Oc r4 rI r- r- 4 -4 4 -4r-4r-4 -4 4 r- 4r-4 n (



Frost et al--72

m CN - m L RT cC r-cocor4 m Dcli

C1 M')LO'. CD 'D alr-0d C CwC14

o- c C' C ) C') I- -l1 >C4 c

Ch M O oo r- C a mm CDr-C

C1 W (NI C'1C' qw m7 m

0

$ 4

m4 04m% 1

v M v vv -L L L q

(V r-m D wv -IN mN C4 o I

v R. m - )v N-WL 0lw A

04

04 04

0 1
.rq v-40 W C- M CO N m 20 X

C) ~ A 'V ~ A ('-D~' C)C )C C4 )C D )C D l4nc kc



Frost et al--73

N C4 rr- 94 CD LO Lo Ln 0

Om mm m mn-C) Ol dUw

C>*O o-M qw ( hML ,*m m m q w Vc

OeCD' v o T

VM M MMA

co v m w Om Cl ww C o L r DoWNMM

54

o *

41 4
0

0

.5 C'5

04 -% -wC o. oO O"w%00r C%0 -1 C;
4

.r4r 4-H

4
0,4--.r4 D Cl9-4 w C w LO -I U Go c

cQ ~ ~ ~ ~ ~ ~ ~ ~ d m mq n p% r ococ % i
C', CDC >C C DC DC>C)C la )C n



Frost et al--74

en C c r-~ o -4 l LOCO ka o

a) m m m ') m qC)m') m

-0 LO UCr- LO 01%r- m r -W r- CD r C
r U O) ,c w vmM V

C> LO L - 4U ) r-r- r-mC C)10r-4 U) ITm L q n mq wq

o U) qw m ~ (14() w I
E-4

r- C or40 or40 f ,-4 LO N

D Ls-)l

o4 *- W0 DC 4WM -0r Dl

ko10I WC)q W )- Wm- Q CV)m

0

f 1) a~w 0 U)c>n(om400h j -

04 wmvmmN ~D -i r- A m O % D (n

0

rq)

W ~ ~ ~ ~ ~ ~ ~ ~ a LO1,aV-U)L)N ml wv w %

*r4 -4
4) C WU)M DNL (yU) ))Ur-A O O% a% c4 4

U0 0 00 0 00 0 kCfC LK v w-C7c4 nq y v( wq



Frost et al--75

N\ w4 a%~ 0 r- r- - LO %D c. ko 00 (N

m LO H- OD o r-v C% >a) 0r-N

C) w r- IV C LO~ r- fLOC4 (NJ

V wr- LO U)LO q w- O L

ccr- r-p. to -qoW c , o r-I -'0)C'M
IV qw rU) W V) qw qW O O1

0 *2

o * or -0 l r D C -m k )C

0

14

0

N Cw co a nva )L C~'J ccN a % Lo 4 -1 r

9r w~1f~ L0w4 - nL w oL n wL

0(

04 o ic4c m -ic coqqwccN L - "co -C

U) ww0~' in-,o4 w- w wL w-4

4-4

.-4 CN WV0)~%wkr -M N ( 1a
cc C 40 l C>C) p C>CD 0 C>C> C CD > C 2: n W c-i



Frost et al--76

1-12 'cD V VLO w1q VLn -

1- -W CX f-N - C > 0 k'Dc co~r
1- UC) V %D U) - ' z r L

CD Tr-i C) r-4 r W nC m~O V) r-

-W~O v 110 ~ Na mV

o-c m r -1' co r C) r-coV A

r- co qw-4 - .- 4N D r-w - L k k 'D.C%4

Cm)v2 LO v C m O %

z 0

0

4

P4 N~U Ur

0

Nw I nk - ' k Nmr Tr4C -W V) ko U)W LO C'.

v 1wvq O% n( L W- wq T q

0
* u n c k - or c 4 N wr ) I

w04l n C l J VN~ O ~% . q C' 1wRW -

04 o% )a wwc o - nNr oa L -C

w ITm()w' Wm- wu W lw-

-I4

-H cNr N nm wL nD% - )4



Frost et al--77

N n Or-0 4CN"m %DO Ccn 'N

w N 0- c' r- r4 C O L - - C 4 r CN

(71r-r4 r m cN Oin L kc ~ LC) r

oo wa n Nr oc m (VqwO O
H

%0Nm14 4 w % L >L

ismmmwVlwmmq
z

14

0

0

044 lw m wr4 wmlwC -4(' -

u-
4) c (T lw > C A4 % MLO -4 r lwQ CNV) %0 4

toNU) W nc nm-Tmq

49 r. r5.1
M 4 O mm H " r m vv v LO r- -- ( 1A4
Cl rq r4 94 4 4 4 r- r-f i 4 ff f m c U) INU )



Frost et al--78

N M G I'D N4 ~- CD-W m

m 'I m r m v n I L' O -

_N mN C r a On DUN. CU) M N

-w

z 0 C4 G ) % Wc 0k UIr 0W

0

o a

0

0

Nn m WmN - n-W( W 3 W O I

00

a0O 00 DNU C)C V DONL -OD N-

(n V0 I C O0

-A

'I C ) CD C) r- V - N C .J 0 O (D %J r-4 C

.4.ii 2222222222
%oft >)~ ' r ~ U



Frost et al--79

ko w - LA vk'o r"C)Lna Ln mA)lw LO

C14-4 -,0 '-Oq 0\4 C 4OD mCN ON r--N

1-4 11 vlw LO ~LO LO m'L LO V

V 0O LO *10' V) L )I

CI LO Rg LA)a'. 00)L~ %VCLA -% n n
A wV* nko% OIV L

ri C/) I."qw VLAVLVLALA v V') IV I

0 (n 0q LOLL oLO (LO C I
H

LA0 LAC'4 mI w-IMw" co m'"
ko ~Ln LA Ln vAw) m% W LA

zo0-
%D iwOL WL% VUar k - CL lr 1

0

r- ~L(n - D - 4 NWLAO'C- -C N L - 4~~Ln %o Lo Lw .woAi wv)LILn LA LA

"r=

0

4) 0 n C V 0 wr4N 0 N C.JN 4-

"UU

4-
d)

r- O V % v ) CN (0
c) Ncv c4 (nw v n inLn % %o - coco-4

0 * f-i 0 1 ('r,0 )0if4'(R 04rD4 C% N'0CJ 4,.4r- 4 4 )



Frost et al--80

M~ C> w (N. 0*1 O ) - r v-iU) (14

Ch C4 c m r- LO M M A a)m )

00 0 IK C o D CN co C C4 cnm

r- T-- c'r j C14 0'D) o 0Cv )q -

o 4

-W) C: 0 l N.v D D Wm Don r- r- m wm-

.. 0

04 0

CC.
m. C) mClN) q- % W r NC4 1

4-j.

-441

.1 - r4r Nm m (
m v v 00000 w0w0w 4C)CI



Frost et al--81

LO r-L o % ' L OD am

Lo-0%r k)N oO(DM r-I C14\.M-4

C) L k~O r r-o LOO O >M r-e 0

NEN~-4 MC)MMMe Nm IC\.

m 6

0 EUrqD~-

o r14

"N mmm ~ mmmmm mN m (
(y*)

'3)

>1 -.q4\ 1( ) 4CJ~ .

Q4 r4NrIN 40 40 N~ O(N 0~r-4 -N N -410

.H ~ ~ ~ ~ ~ ~ ~ ~ ~ Q C'-4qqw% D m0 -40wC
N m mm m LO W110 - w ww m

Cl 4D' D DC > >C lC >C>C )U ) 0



Frost et al--82

ON L If O DCN - CrN r- -C40 r- 0 O m '

C) LO ko-~ mC-i 1- -4r o r a m

OD v a) 14Y- ' pk L

E-0 ~ ~ ~ r~. m WmCJ -

to C' 0C q0 o c -

0

cvn

mf D(%V) m(Y LjLyq

* 04
0 $4

r)( nm()()()()C)p (1) m V)m

144

AS

C:))

0 0 md 0 (- nmmN()mm"()C4m() m-4

LO)

1- (N CNN11C 4C NC 4C40 4C4 C4 V 4 ) r

> -4
4) W 4) 4

(a M) 0 41)

00 0 00 0 00 0 it .9 4))



Frost et al--83

ON C) CD C-4C-4 % r >W4 C coN -

C14 LO 0r- co O 4 -4 0 oa ) 0N-

LO mAC Ol A '4T- m w D > C-4

E- mA mmr m -W mm m m M

0
M) c -E M ( n OO)MM

C3A

>4 rS
00 4C 4Va n% W0 Mr 4M C4Mr4 4

C4A

(0 0

CD >C C >C CA C.O CO C Ck C CD) UA)r-)

.. . ..... ...



Frost et al--84

m -ir- c % %ML - C) C>U C)0 ON r4

04 0)r- co CY aN r- %D Oq- N C -4
V-4 CNN04 c CNNf CJMmmN m

r- Or- C N r~- q DC h C C14 V-4

C> ONr-~ CA -4 o r- O COO O>N T4
N\N N~ m M N M

m Or-o o- co r- L oc 7% C%(
E4M040 mr N mr C4 N N 4

N NN N C14 JCN mr (N. N
>1

in LO

r4 LO -r -0 -0 oA4(0c$0 0r - C coL-4 o

4;C CN04C40C-040 nNC 4CN C"N- N V

a3 :L
o o4

o to

U) r

0404CJ 404C' - CIN N NN N 4 N V

* LO
04

CN04NNN0JN 0 0 0 (N NN N V ,

04 C 0C ,O , 4 4()N 0 4-Ir-4A LAr)' CO.40C
N N N r-4N04 " 04N N N 0 N 04 N V 0

Cuu 41
E! c c 4ci c )C

m-4 Q)4 00-)A- q 4r4471 4 4rI I



Frost et al--85

co %r- coGom (CV m 0

(N cn C o 0r--4 m(~ %D OC> N

O > OD r- W 4 1-4 rIL -4
NmNN " m C'V) m N C1

CD 4[ r- C- r- -4 C14 -4 %D a c4 -

_~~~% ND0- CN

. at N N ) Cn * N * %4( N1 (N

V) OD 0 CDPr- 00r-~o kcCD C--4 LO 00C4 -

CN N N NCV 04C~ (NM M(N C(N

0

C- "M NC- S4 MCMN N N 0~

LO r -C 0 l D% C~C> aiC>Cl0(') r m N N 4

04C4

m D0 r- '0 0 wm mr-0 r- wv w jC
(NNr"N(N(NeNc'NNNN(N N

_- %D CN CD

0D 
8

> rq

0 4

04l N N r-4 9-4 ) rU)0rC %DNO l O 0a OW 9,6 1

ma U) N0 Wvv0Owr -r )
CDrf Uw-4 ) Uv4e- -4r4 - r4v0 r-4 -4-4 w- E .4w i



Frost et al--86

MNC' CN.(nm m (~C4N (n v

C'4 C\J4\J (~C\U C4C' m'. en( N V

U)

C%4 ~ N C(4 CN M CN CN. CN, V

U)

CD o r- 0o 7)al ,-gaMOD t O 14

a% O 0 - DCl % m r c o c'o 1-'4 cj

C14 N N C\N% 04(~e' CCN CN I N V

U)

C#) G CD a orl- cao nr- wco co 4C
14 C14 cN N CN M N%JcJ' N ~ .N N V

H U)

Q LO

%D COC4% O% r . 0O l 00 O Wr- -C4>

LO c D -( V) r- %0 r- a 0 mr- CDLOr- -mA
9 NM0 4N 0 C4N C40 ( ('4

0 0 O
co C> r- r- W) r- or- "r- rco r- r- 04 o
(N( 1 NN0 C CN (' V

LO

%D Do U)r- W U'D)L % - (r- cD 00o'D W N CO
N1 (' V( NC40 4 4C N( 4 C4 V

* U)

(4 %D 4DU) kDL - or r-qT LO W 0k %.D CN O

C) 2

4-)H
LA4Lco r) wLm OL0LA m 14N "V- ) OI

0 awC' >' V 4 $4

U4.

4)

-H U) c'Jl O (NLcn (0 N Cv 41 Mr- ) -4 4)~ I4)
(: D- - L0 ( LO D. WW D r- M 4)J

_4v rIrA rI 4r4 r4 4 H r-4rJI)CIl ) 4w 4



Frost et al--87

H N N N N N n - NCl 0 4

C14 N~ N NO 0 N O C4( n N

H '.0 r-r- r a0 C n r C> CO ~C4 -

r-A r- ko-co -4 C> n o DC -
CS4 eC C%4 N mm NC1 l

CN Nf'. C- NM 04M 4 0

N 04) '04) NON 0 N N

LO

C1 1 * N CC%4NC4 N % CN V

N N04CN04 NC4C% CN04N NCN% N' V

N '04 04 N N CV 0 C4 04 04 04N'D 'D-40N N

04 ~ ~ ~ ~ ~ ~ ~ e Vnc ni -wL o% pr )a o V -

a% 4C NNNC NNC NC

e~i v

LA

V-4 T-1 V-4 H NN N N N N NN N N N -N O

U 4

r-C -P n0 nV% -V% C 04C% (aJ V

w- - -4 4 4q4v -4r4 v-4 -4 ZUE) w4



Frost et al--88



Frost et al--89

a $4

03 (a-
004.

6'4 ~04 3

0 4

-44-

W5$4 4J

I -j 5..44..4J-H

.94 41 -1 c 4 )MC
8 4 CO 'Ui- 4-34.1-c4

CO 0 00 $4 M1. 'C 4 4jJ M*-4
* a O4V 14ji (U00) -H9k 41 4W-I 4J

IN 0. W4 0 4 4$ 3 4 -
0.0 .- H 0 r. 0 0 w)--1 0l I-

I d m 3 9C 0 00cn1



Frost et al--90

H

A. 0 0. 4.

-'. -4 -

1.4

5.4' -4.---4 1
U-)

40--

0.

HN
xS

-4 -4--

00

'44'

04 .-1

N N V n-4 V -f

0000000 00 0 -91 04



Frost et al--91

-44 Q ,C AC

00

zV~ 4. A -ooc a

A A

'.A

z A4 A

'-A

0

'.44

00

0'0

N

m. .,4 -, -

6

.844
44 -

NR m0mvm -

0 0 0400 0 0



Frost et al--92

00 4.4-
0~0

CD(i .. 4..41 -.4 4 .

o -4 0.4

141c o 4 -A

P 4

0 O

qp 1 .. 4

NA

H

040

* -.4

46) 0p
0 41

2 0 ,4~ ,.

'44

41 4.

%0 0, ' )V 4 g 4
CM -ne WI 2 l 0N N m I 0r

14 14 . 4 4I 0 . 4 -4 -.4 .4 4 1



Frost et al--93

C '1 4 O -4-44 .. g44 u-AA 1 - 4 *1dr

0 . 4 r .
U))

H

H (

0 O-D. . A) -H A

'41

H O m, -

-4 4.)

N ~ ~ ~ - A' -H4 -- *4 .

1 4 A- - -4- ,
U)
H

000

40 Ad . ***4 .
Old4

H N

04 
.1-'- - 4 .4 -. -

H .4 -.H

~~4 04> -

'.4 0

0o4O 1 4aN( 4') C" *- ,A O %1
a-.44 (4 C 4 en W )-o.a4a %a4 r - .O .4 ..4 C4 (.K.4 n L v - G

H- "'J -.4 04 -.4 .4 .4 - - 4 - 4 4 - 4 4 1



Frost et al--94



Frost et al--95

a

.94

P40

cn -4
W .94

-4 -

$4 -Hr.$ -
3G 0 ) -41 0 0 -1 W- )t)

14 )~ 4 -r . -- ,- p -
.94 1 r. -e 4 J - 4- PrA 10 -

0,- U) tP 4)a

'4 j c0 W~ 0 4 Covr - 0 X 0.

.Q'0 0)4 4w ( )0 0 Z 0 :3 O.) 4 w)

1- 1 4' 144 - . V) -4 (V 3 4 0 - r-

Q A4 (d 4 J 0 1-4 0 W) -4 W) 0 4J -) U M r .1- J J-- -H-
-4 -4 -1-4 U) 0 1-4 M~ C: W .4 -4 S-4 0 MU M 0 0 0 S- W

'-4 z- Z 4 i-

(9 E-4H 0 Z: m: (



Frost et al--96

r- CD4 I I I 4~C0z I C -4O >. D I I -4 COI W C> C> rt' LnL > 0 '>

k C C I NAL
w CN N - > E N0 4r 4C

C-4 m' C, fn I
-4 0 1a nc oC 4C T D I r 00 Mn~ o 0 4 

1 
%C n OD -4 - r

'n 01 fl lq C . - c C c .O 0Z L. - . oZmak D- -4 4 n D.
I- C1 04 INI 1 WC4 m L W N-o N L w L

E-4 ON4
(A 04 IK 4

%. 0a j O'4 0- O 4
E-4I O(N I

4 0 0w 0n L-. 4w LOl u) w v ' w W Z. t-4 (A0 m I(4 NF'I F
44 Zn'0-~ ' -W O'zd~a~ (4ZZn ? ZAOW Z m m L -

I> W I C> 4 > W IC
I 4 4 I C 1 . . = :.

-A -4 (N.- - A 4 040i 1 4 001 4 1 14 1

m I O' C.J4 IW (-fcJ-- o- C> I-D- a, r- OtLAr- -c V

.~ I.......... . .4V . . C
m -o m r0.D -, iDcDr-, I c,~ ' Ar, i u) o'(EA-w mr- i4 aO'moc>c4 m r.

ID D 4r 4r ~D - -L -W W0 Z %D'A in fZ -w-4' % o mc4 00m( w -w
C4 I 0 (N(m(e( C (N rC4 (N I 4 -N (NCV. 04 NNC4 M "N

4 .4 c-or4- m m( 4  t-* tAcO'- -im r Dc, -c a a ) o-
F4 u.41 iC - 4 C 4- 4 - 41 ,( 4 C ,C D 4C

-- 4 . 4 .-4 A -4 4.--4 -4l .- 44 -00-1 1 1-000 -40 -

( -4 C)C4 A- Y) C N M(
9-4r PI E C - k c - : I E. F4P E E4

u 0 Ix I z c C)(=> 4 C4 ,I >z 2 ) ) I a,--z ' z I

(tO I r- -- 000* 004C iC - 1 0 0 0 4 0 E (1

1 w n'. IqI( I I IC
I 4 U)* 7 r I . 1. .
I be LO- LO -4 0 W 4 C' O Z ' LO - - ID4C'4w C LOCD.lC> ) ' n-4

U Or iC)a OI( cI a4t zc40~ m4r.4%0 000ZG O C> r. v r-'.I0 LO

-4 4 - 14 M1: 4NN'~ N 1 (CI)-4 C ( IN Il 1 . -(N( - 1 1 D I 4 r-(N MNrsC 'J

4, C, If W I Z

M (N M MIAM MM0 4 f) m z"m C4C NN(

VI i OD .10 44 %0 C4 00

4 4 p I.......................4-Tw I . . . m w .4
-W 1 C) tn WDM r - cD L m O'' (Ln Z - m Z 01 ~Lf N 000 mr w( 0M
cI 0 1 -44 -~ Z 4 D 4 -LA A I 4 4 4-

0. I P N'.
1

00

(N (nC') .
7- 44 I1 -4~ 4 4. - 4-4A 4 4r4 4

cz (NI C............. 1 . .4 I .4 .4 -4 1

r0A0Dr N (14 14 (N N M M M cn IV V V IM IrlL

01 ~4 m 4

F.E4 01 0CI

1- cni.: -4 COC 0 4
E. I f 43 1 -(0"c c tm I" VI 0

wJ) 0A HA U)1C )( )0C DC>C )66600c

X04 (Al F-ZO r I -~' rIfO'' IL

I ow 1o o I 00c r 0 C)Ic o0 oc DC DG DOD O CDOD



Frost et al--97

co wC O t-%r- r- %D WDLO LO ~Ln o r- 4DW g 4f 0C r-

14 r4 CO 4 CO '0-g-4 C 1Cp - I . 4~ -qC l1 )< )C lC lC
z z

C) CO w I 0)C

ZI In m ZU r- 'n 4 w 0.a% c nLO) -.4 r- Z w w oZ Z w C4
-4 1-,.4.4 I~j 4  -4 -4 -1 I- -4 -4 1"

E-4 M I nz N N W -4 ~ w C'44U
w o , C> (n In In m C' ~-o o I

%o w -w LIL , r wL n' nwU D Dw % DwC

>4

I co In f
E- L 010 w c,4 r-mC w004 wW r -(CN~ c.o 1 c

I Iz z

w %D I- C> In% oL I

I i CO . CZ I II E I1 ;L w C w q , C I In -- E I> " L wC I

W ) C3L 04 M 'n 0 C

co ID- Wq D vC r I COaI1r A- W L 0L I L .( -% m(
z Iw Ln 0 0 LnLn I CD - 0%n In in 4 n k U CJ, I r- Ir i0Lr l4

C; I C; AI0IquU C;-IL. AUI;A; -4fl ; -4flC; : 0I:

z 4

IM ~co C -r~ 'D 4 D Z - -0Z 
~ Z Z 'J .4 .

>4 = I E-4r ;t ;L r - -L - E
X a C> I u z ImG Dr Dk >Zr 4 - TZZ- DZNZ q

U , I IO I co In( ICD

u (n I Il cli I U') C>coI co k
iz CAj : * I* I* *

wd Z. Z kn Z uU) u n r ) )viv ) L nLr . LO~l~lA U U' V) ~LflLC V) LfLO IU) 0% 1 I 4 .- -4~ 4 i I -4 -4-4 . - 41-4 -4 -4 - -4 1- 14 4. 4 I

0d IT Iw Ir -WI W - V- q Wv V

C- U)I 1II

>4 0 0I -4 -4 4 4
(I (N0 CN (N1 CV0 .Z MM. Z .- W v- v. IW V Z

>4 .1 4 4 144 w -

u> >- > >

0 1 t oE I

E-0 0 0 100
r-4 m000 % I 0 0c 00 0

EZr -r-r - r r r- r- r- UI r r -r- f r r r- r- r.-



Frost et al--98

to w I~ I

:DO w 1 1 -4 O 4- % co
O~>4I -I I

E. I II

4. .-. .ra0!

0) 04 1

I I

NI I NI1 1 4C

Nr N NNN11 N N N 4NI N m CNN NN 400N

E' O I ) 1 I ) 4~ - 1 -4 1-4 N C> 0(e 'D

c D I r-1 -f 4 4 -4- r--4E -4 4 14- - .41

I I M I1 -q - % D a M %

L)c ' I

r~-Lc> OLnI

14 . . . . . . . I .

I1 I

v m ON 0..4(w m N) v LA> I w m -0LAj r Inc r '

1 0 1 en 0~ r- r-- (Y LA *D ..4 qr *c.4 r-4 Z2 , wm - nc or
V 4I -4 4 -4 -4 .- 4 1-4-4 1~U ~--4 LnV -

04 1- 0

I C> Io O mI
0) CAI I m i4m O ( ww4 %o I m) %D 0 W D In N I

I I LAn a'%4MN r- V) L~) (- I to w Z r- - w - z (- Nr-I
(n O 1 I14 14 -4 -4 (fl 14 -4 I CN '-4 .-4 14 1

01

C0 .4 c I
0 II I) I

E-4 U l 
0  

4I

z >4 i I l r- IHH

0 U) n 1U

Z>(z x ( I > I

x 0:

wI 0wL I Q - 0Qwe ni

w 0OHI I aoC C O C DC O (D I 000 ) C 0 0000C>0>



Frost et al--99

I a;E 0 ,EI--I n -11 W - --t)Cf- £C4'OJ I0 E' r-U O fC - 'W I

(n (4) CC1c') 04C14 m ICV) j( (4 cn (N J ULf ) 4f)-4I
, 0 I I I

E-4 C14 IO I- Iw(4C4 I-

14: zI I n I' -Wzz v- WNI4m'r10I nM% W

>4 zI I

H Z 0% ZZZZr Zc rc

&n cq I H wI

LO I% q- 1- .C-4 v I' w 'm - 4 L CD I4

I I I; pI -

I Sr- cnC>L

E-4 L) 4 1- rVC.4 q 4 C> 4C.' 14 0 ( 4 (141 -fC 4 1-4
0) I 4 V- rI q- q14 4q4 4 - - q1 41 q

no I InwL , 4 11V L
r-)) 00 PE

%D E- -4 4 E- C &4DI 1

Ir o% I n w I

U t- ZI r- a oZZ% wic 7%% , nZr n %D 04 r- I

fn II I
OD~~L -. IoC

I Z~ NO)O NO O~.-'Df MDq Z - 404 V %CN'J-.MC4-4N1

IE p

I4 Ie 4 v4 -4 (N-4 .4 -4 I

W I c I I

0 1 I- II

) I I I >I
04 rZ I rv.zzz 2zz z 1z xzmm

0 14 U) 1~' 04, o r I

z I I Ir E-

V NI IN0 - -m1

E-4 1)~ 1- uu uIu

I C- t- r-r -I -r - c %r -r -r lC -t
.I wm mw ww .I CODCODOOD0CDD00 i



Frost et al--100

ccU I C) IC OC >C >0

H I W 4.*1w 44-4 -4M V - 4-M -40 %0 C> VIw (

w LAOI r

-4 C>D W - 4~ fi-i C, (' Ul C(- t- .r -. E- 4 c3 [A L *f %r *J W * *

1-4 - f I A~ -4 *4 -4 -. 4 *-4 1-4 -.4 -

1-41

00 CI I% I

>4 ~
01 co

CO I4( o - O w G ' -%
I) 1 1,0 0

I- * jN 4- - - - 1 ,4o N M E4q 4r =

z-- -z z z ;

Io nI
m LO w INmW V%

E- I E-U
I- )l Iw -w ~O v 0

I........................ . . . . . . .

1 r 0-4I 0 1 . . . . . . . . . .

I I CI( ;( C ;C IC - lC > lC -0
1% Iz

[4 I

mI I I ; ). NL 4 1 . .r -w -ic
I -4~ 0 O -C

-4 I
I II

4) IE I I

IY CCI " > L

0 0 >4 10 c - ~l q - D O '~

0 m(1 c (" m I In m Y)1mUmLm)UU,) m M 1) I

0 1 I4 E- I)0 N()(%0 l0 Mm(NO N0 %m0

1 4r4 0 ID

0,

H Ia

144 OC. 00 0 00
1 r---rr %o(4m0,1, c m Ic qwoc j nc



Frost et al--1O1

-4 E- B I -I r4 -4.-4.4 C3 .- 4 .- 4 . 4 .-4 .-4 f r-. 4 C3

H-4 -4 I4 I4 t-
4B I

E- .I. V I Dc

EA w~ w 0 r r- r- r - B

co 01 I

14 C> -4 CI

44 EA -...................... a.......B..-..............................

a) 01 I1 0% ODI

E4 6- B-v v I w nv vL coI

Z 
I

%D 0011 o(V wl

E44 0 64 . I . . . .

Bn C r - DM >f - >(nIOt qr O% D( n
Bn vm ri m4 04.,0 N v N0 mv0N

Im I

I w Z Bn0 - - DC n C DZC 0ZZ- %C

I) M I n

a in 0Cl% Lnw w02 O ow 0 nw n nLnL I
U) C I I4 H *. . . . . . . . . . . . . . . . . .Br- - - - v r4 l -

U) I 4 M M r) (n CV () M1 n n n m m M (n (

E-4~ ~ I 4 "

B) p

xU I 10 0 01Cl I 00 0 0 0 a l )

0~

EB I fB

B H~ Cf .r lr - B B
B4 o I1WWWWWWC DC 1C 0O DO 00 0C D 1



Frost et aI--102

cou I I ONI nr ImL -- - C 4 nr DVC 4 I

o~I H I IIDML nC >VC Wr o% D - -N% -r

I L I C: Z

i~~ co E -r- c4-4 cDq )iE oLnwa - - - 0

: 1 tO zC " C>O rU-~ C> lC % a%0 ww -I m -4 r- 0I

C> 0 I I I I 4 f

H- 0CI I L I 0I I C r . l

< wI

E-4 =

z C, "0

I C'IOm 00 1 0A.4j0

W J -C> %N M I Z \J.M -4' N I O-HV '4-4 41 - z m' C4-44 1-
* 1 I N HI* 1 N 1 1 1 1 N - 1 l I

I I

CD V-~ 0-0 C4

>4 0 l e ~ ' c l - c ~
E I I Ii I4 I- I4r4 H rIr4 - - - 4 14 4 14 r 4 1 A

C. C. I cn I N'' 1

P E-fII I EP DP I E- -C - I EE- - 4 I

I I I I I
I I 1' U ? ( , -I r 1 I 010 I 0 '0 )1D L

' 1I . E-I C4j C4. c , 0 C4 e 4 N~ "~ C4 . I N~ C j Ns Ns C4 C, 1 (N4 N4 (N eC4 (N4 C4i0
II I

zI III
1. : r I C. N Go f-

>4. . . I I II

0 - nTC - ONC% C rI IO- 00Cf 010 ()1 I WME.- C " 0 0% 1

V E- -.VM M 4 .-4V 0% %D) 0l I -O' ) CA D N %0 1 0- - 0IVLnM10 4 1

Nl ~ z C()4 N m N -CIq( n -4 ') N C14 ci -4.-4 (4 I

r- I n r I I %
4 %D IV> G I r m WnDI C wr 1 mr4I r W C >-

in I I E NO - IE4r 4C V D 1(1w mG nC I Irw F 0% .
0 W 1 * a I Z I' L L)%0L I I>u DVN0 C)C4Z- Wt

co 0I i) 1 1I - N - 4t N * n r4 r l I I- 4 (' 4

m~ Cin1 m I m Inc nC)mc r nM

0 01 -4 1 V. *qI -WI WV rI

0 cI I

I ~ ~ ~ ~ S IIr C ~ ,I r -



Frost et al--103

D DI I

m -E-, .4-40 g- 4-4 a 4 r - 4 0 m -co 4 v -co .4 0o ai H- 4 -w - r-4

E-40

I %0a, m 414% O,4wI com wN wr (
4I 2 11 1 .1 * .1 * - ! .....

q OI co~ G ONeqN.Wf4 (I I 1 l D%

z) UI I I z

m-4 N In I nc 4 nc
LO 01c 1 C !CE-' 1I..w.Em..w..w.-w.-o .w.......-w.-w.... -w.......w.-w.c....Iw.-r....-w.4.w.....

H ~I z
r- L.3 co tn Lo InC

&n 14 w I I M WI %NC ' , Wq >C OC >%

U) % 4 c ) r - c Ge 'cNj -~lc~ 4e mt oN% w t

I1 I I I I 1 ! % 1 V C r C 1
S I >E4C C >C Ico> > >C> > IC >C> > I I lC 4c >C.C I

I- Im CD- cc', %n o r

-4 I I 1-tI ~ n fL) 0

co I

In I I In 0%1Q C I

~ Im
0 I- u , 4 D O 0I u o u ) O - 4

Cz-1 I aI

It It I- I

I
0H Io 1 1HI HI I

a w In I

(a 0) 1.44-4. I.14-.-r I 4 1-4 I4 4 r4 I

I- I > .C.C >( >C > I

H I OD I0 W I0 D0 00 DW0 OG



Frost et al--104

Oww I 14C4 z N N C- 4 Ng I; .D-I C C

C-4 I! 0! ! Ci C4.4 ID 0 C40-

cz z -ZZ 40 z r-ZfO z I Z nwZ Z M zvr-
I' I- en.c' 04j e.J ,N( -4 m~ (N

E-4 m~
4 ~1 1 r- C>

%D C) IO LO LO OD %0 4M Z r- -4 I %DJ to 4 ONvzO Iozz1

m I I C D I

ml I 0N C1 I l 0 I

C> (n I (n 0%

1- I* rI- -ZZZZZ LO I C0ZZZZZZ n I
Po EI I (N4 E-i 4 Pa I E Ni( E-- (E 0E i ;'

I I: (Nr: 0n cl VC 1 w-4 U)AI 0 w ON %D 0Umm)I

I II

> I I............................

wr 1 0 -C -E -E II'IE [ E -C -C 0 '

UOI HIZZ zzzzzz, lz z zz 200£

(i~(z I II . .. .
1~ E- -4 P(N M N P~ M P- (N 0 I E-4 (N (NP E-4 P~ N4 C4 N~ C>j I

zzz z I Z I

Nr m LO ci -W('nON I

I E- -I-- - 4 U .- 4 EAW M P t-E r E-W M~ I I -- %- %Z rL - 3 0Zc

'I I I C

C% O I %D CD-4 to mI 0 1 ( .-W to r- 0-4 1

Il I

I I I

(3 a I

4 uo ~
H III
1-4 0 I1 I- NCjC 4C *

2 >4(3 fm ,1 -4 H ,

I~o x c I H
fuIH I w r w ww wL ulu I I m r ImfruNIm r"

0~ ~ ~ It4 In1E- IE

-4 0o~ 1 10 00 100 00

I-Z Ir- r - -r-r- r- cI--rrrrrn--



Frost et al--OS

fI 014 I c in I I
1-, O I . I

N ~ m. to M( r-4

r- C4 .1 .1

u 4 01 I I

E- P E- ~ E-PE IE4P - -

zz!z2w ZZZZZZZ

-WO~ %0 0 1 C

r:pI -PE E- -a-. - .~ I -r-

C1 Nr N (n eqe a 4 C'4 e 4

c4 in

ci) C> 44 1- q 4 4 4 4

Hr- P E- P P E

" I Izzzz lzzzz

10~ In I O

II II
I 1 LO c oBL I I

>4 I

X:i m I1 EIw - - nI 4c4 E4E4E 4P E

E-4 1 14ClVe e, 1 Ze'J1-4 Z22(

u II

qI I E-r E- -. C--0EIc4 -PE-4 PE -4 E4 PPI II

-W1 1r * Z ZDh mn I Bzz zz

0 (3 1 I
W I £cin I

1-4 ciI B I I

( 0 CD I I B - - , c
1-QI4

I 00 0 0O '

H 0c NN I "1 2 I1(



Frost et al--106

r a I I I I

EI E 4 -- iE -N4 - 4E - i 4r4C
I) w Z1 Z Z z

D

S01

cD E- E- N . n - o - > E4 qE4 opp - E- q w

E4 IZZ 1 H Izm w wz , Z r- W IDZZ%

ix -4 14 -
E-4- ~ o ~i= ~ U) D w

E- z .................. %0 . .
9 >U -c 4( ) - k O ( nO -W to m a~-., 4I l - Og-

HD -w LnL oL o-oL c , o ;L

I - CA Mr oII

I I I z

*>4 MD1 0%

p 01 E-I
In I - I- nC4Mq 0% - WC E Dr AC 4E 1r4
I- (n m -WV n( WC4 nmzI W

-DC >C>C >C CI - C C E-4 C,-E4 - P - 4 IC ,C

! ! I I

E-4 1 '4

x0

1- wO or %C D- N HS C14 A II G -W I r- %D W<> l l GI% -C

6.0 -4 -4 14- -4 -4 -4 1-4 H 1-O I 0.-4'J- 4~ Il f I4- 41- 4

U2 OH 0 0 004

0.1 0 UU 0'~
BIH I I---rrrrrr I - r ------ ()



Frost et al--107

c u -II I

S I H - 2w 2w %a2 2n Iti

2) W I I I

I, 0 wE1E4CE 1- - - EE- -1EE-1E- I I '

uC 'I E4I

E-4 2 1 (40-

U)) 01 I

I I
Co. LI I C> I

C(I 17 i 1 !
E-4 I V O 14E4 P tn w P L n c -4E4E4o - E4E4E4L

z Ciz)z zz

I4 I nt iZL -- 4wc I ZI 4mm wZmc
I 0 I

o I ~I O 4 4 - itI IU I I I
G I I >C> > D.CC>aC>I C> C>C

z 0u

C: o I I II

I I I

~~1.I

*t 14 I . .

wU I I Ln L c w o w w w w o I 0 0 0 o w w I

I I4

I n I I IE- n I I
0- 0~ 1

C'4 N~ C'4 . .C-4 -C- C4C-4;z4 I C

I OT

0- UI IHI
I~ c ( I( ~ I > I

0 1 1

E- 0 1I I it~N-~ a NI ClmC

01 OH I'Cia 4I-4 4 -
4 

-4r4v-4 4 C C> IO

H~ ~ ~ ~ ~~.( IUUUUUC4,)UUU
fr -r -r -r - 6 -C 1r -r -I



Frost et al--l08

0

0

14 C:

Ci *

M 4

0 0 a) 41
a) -4 C. 2-

0 1- C: 1-4

004 04 01 0 cr 1

-4-H ~-4 C

44r

0) (L) 0 -l

>1 0> $40C-
- C ) '-41 141 '-4 (a
I 0 t- 0a (0 (0 x (L) 4

d' -- 4 '-4-4 - -4 .4J

1- U3 0~ ) u C-)
-4 ~ -44-) C 0) w 0~ 0 0

a *H -- 4 * 4J 04 04 04 U) >4

P) U 4 C 0 () 0 0 0 4&J 0 $.i 1-

0 0 -4 0 ~ u ui U > 0.

0 UI) H' (0 0 0. r: C; C 0 4J >1 (

cl)E (0) a)4 co z u -4D 4
i-I(0 00 ) >C (D0) u- 00



Fros;t et al--109

co u~) zn 'T (1

to 01 lcnor- .oe')a'o% cI oc %c Lo Ln %X %. A M .nC> -4 11 4 nO IW o f

O l >4L I "D C I
I I I

E 0%-4 1I

V) 01 I

E- >

%D Il rA I rl % C ID I - I CNI>.--lL) C I -I4 CCII% C%0

I I I 7 ~LAf) J)III r I In -zr U 'TT I

I D %0 l I- C , c > r - c - 'r m -r I m C 0 0 - o M L ) 0 - I D

I4 I' CD-NI I oI

>4 I wIm L o- C

I- W IN m C I 4Im r 1(0 - I Ir w - 4L m -

14 I 4 -4 I4- . -4 1 -4 14 I .- 4 -
4  

-4 1-4 114-.-4 - 1--4 ~ I-
I II

(3 al I
N t IN "D '

C7, I- I > II tI-% - c. - l 7 7 1 T 1 " ' -C V 0 Nt

0I 1

E- I- I! 1 Iz cn r

w N

E- I E-- ft- I ~.
0 -4 f-4r-40-4 I- 14 1-4 4-4. O I -4 .-4 - O1 I'~ I I -4 A-4O(-4 0

0W 0 ~ -4II

=) zl Z z

4 E4 I , ac E-R E
E11 <<,EI 1 141 1 1 41 1 #C

0 U) %

04 01 m z x 11xmxxmxx
0- WI I4 c I4 L

x) 04 E-4 PIE
E-4 0I.~ L4 m o0w 0w17r

" ( I (- 1 4

Cu) I 40 I In- Iw r- r-I -c %.\ ImI ~ n n- r
0 C a4 C 0C co 40 C3~ ~I C .C DC 1 n( o6c

E4 0 Uu1 3

I0 000 ~ OD OOD f) 0 0000 C I coODo00 0 1 00 0 0 ODc oO



ur '- Iur

r1 Io 1:7 t

C/) m

>. . .. : .- . . . J I -:

E-4 rI CCI3L -O D% - 1 . C oc)-

>4 C)i I 0 . U)L )c ;0 K - r nO, c f I

0 '1) i
0 I

E-4 I I~ A

co >.1 04 -

I I c , (n %3 4I j -4m - v r 1) . w

-4 - 4 - # 4 - I AIj '

. .I .-4I I

(1 0% 11 b

C-4 I -4

I3 c I CI,

zI I

I I ,--.--4-,-l.--44 -4 -- $.I I*.4--4~l4l~.I--

z o, I a; I3o 1 -

I :D Iz I V)1

0 (j) I x I1 E
04l " U I 0 O 0 a Iu4O 00pW P

I 0

U~~~ M' C.CC 
1
CC -CCC

W ly

.4 1 i I ac I tco 00 ODc DO 0c ) IODC OO O0 00 0O I



Frost et al--lll

c uz I
6H-41

,ow ul14 I kl.o rc4a) %o in -4D r-d~ m (~C c m 4I1~~O~

C3 >4I I

0> I

C4 Ir I

k4r : - - nr kD. 00 r :*i o -

4: (1 ~ > I . .-4 . ..I- ..-- . -,-.- . . . .-l .- . -. . . 4 

04 -4 MI1 , C ,'

0 l

in OI C I
I: n v m O- W M I4 C- -I r ' V. 0)D C J (D0

0 1

I I

. I I .

E- 1 000 - I

cI Ii I 00 -; -1 D '

f 4 (n I I I I I I I I If I I I III I 1 1, ~AI , 1 nmmI I cn 71 r C'33 00 m

[- -I 4 r-4 -q Z -4 -4-4 - ~ .4-4

3z >II I m I 4

0 I I I

aCn EI I 0
HI p

x 0
0

I- 0
I 1 I N- 4C nO -r ,w - N m L

Il QI 1 w- ni nr o %i n% Dr %O
I40 I Dc Dc )c >C 04 a. 1C)5 C )CCD( >DL)< I

A a 4 %O 00 0000 0000 00 DOODD ICD0 0 D00D00CI00 1



Frost et al--112

EL-~I 

I > I

L): I
m g

E-. ~

(D r , .1 1 c, n

0 : -0 co p N C> (' 0 C> c C-3 ) C>' C) w w c.- m ) w m p 'D'D
E- 0 1 >41a -Wa t Z Ma o-4 r x IDr --

CC) %DI

I CI
r4 lc oc o- c 3c c )c wc ,, rmr

04 1

(3 1 - I f i I I I I I III I I I I I I

z I m IEl n I 4 4 - 4- 4 - - 1 4If- - 4 - 4-

z I4 C.- :~ -I -4 --. 4 4 - 4- 4

x 0

z i W
E- 0)I

-i %D, (Nc n% n" mc)-rk >% nu iv
ko .41 w Ni vk na

C>: cD C.C3C )C Do o >IDc C >C)c

0 a I 4I.(DC44 ) > .>C .~ I)C, c , : c >()c >c)a
Cuuuuuuu E

Zov .1 I- r- r r - - -- r-
1 0 C O C O 3,CD000 1 11O O 1C 0 C11 0 0 G



Frost et al--113

O 0 Z I > OoS>C CO D CC -C>I C. C> C C>C

0>4I

E-4 0% 1

U, IWHI

Ca Ut I

>4 ~

I I

ODcC I

I I C

W I I I o I

m N-1m I

I I

.4-4 r- 4 J.I H -*: 4- - 4r4 A-4- 4-

I I fnmI nm( nmMm(nm( nm( n( nC

oo o i

E-oV

z1 0 1 U
E.J 'rI I - 14 I4- 4 41114 1 4 - 4- 4- 4r4 4 .

11111- II -1 1- 1-1 I

z > U I Q coI I HI

2o (
0 O4 1 o4Ho o 1ooo ooo1 I:

I x

E - I 0 1 -4 I
H I I V(14 4 O v% r - o.Oc m N Ln

P c I I 4 c l' >' o( c )4 >c >c co Cooo o o . .4

OA 00 0 oC)00 cm (3D 00 0 o O 0K DC 000 )O 0O



Frost. et al---114i

r- c4(_) I
coUZ I I.4

C, ~- I II0

Lo C\WI ON -4
I IC 0i 4mqc.rcJ. I I I L C l( NMr NWO q

0 o X I r-r:r - r *r - -, Ir *r - a I
-44 -4 1: 1- -4 A

0>4 l

E 1 co

to I

0: 0

E-4 ~ N

14~~ 1~ O
3: 0 cc LA') r- c -il

W -4 00 -W
QIU W Z 010 ~ -- ~ Mt C - tnMCO(-0 r- L)Na . C G

.-- .I .

C-,) 01 I

I II
U) C" m C, M c)f)m 1 l 1)m ()(

C, u I3 1U I I
I I

E4I I
z I1

x I
z 0

1- 0 -1 i

1 -4 1 1;II 1 .- 1 A14-4 14 -41 - 4 1 .-. 4 rl I4 4 4 -

I, I-r I I- r C r r - I- l

z I 0o ocww oww I IM W M W



Frost et al--115

cr-. cu m m d1n- %o- I% o

EI I I
04 U~ I i - 1 r

i4: 1~ I 4 0 14 1 4- 4 q - q 4r4 -4 - - 1-

4: r- In 1- - 4.-4 ~ -4co r-0 C c a .-,r- 4

LI I

% C> I

0 I,

I I5

C> I

r-I O I - 4rIr4 4r4 4

Er,~
0 4 - N e'41 ('401 M(DMM

U I%

I 0 I

I I CAI 11 .

o4 U I I I I

E-: U I

E- -I C) 0 0 0 0 0 0 00. 0 0 C

0 1 0 I4

0- (/) I I
0 H 041>

HOU I x I cz4: W4:W

H I CI I E I E4 1

x0I

E-4E 0 00 00 0 0~0 0 0 U0 U C



- I a: D ,I

~0 1
X >4I

0 L)

E- :zI
Q 01

u I

0 Ip
.3 (, I

0 " o% DwC >wu >i w' Dc .w0"wC,(
E. o I I f- w r- r- 00 -a - -wwr 0 O 0 ) ko %D 0 wr- 0

I Zv

co I

14E I oo co0 ow00mC 0w oG o oc D
-C z

0I -C P-)t> P3 pP3I - -)t.

C-4,

0 (D
I >4 EL, QA a) 0 4 -4~ -AC C -J z n f f ( N. )0

.......................................................

I 4

I I >
I X EW E U W 4 "[ "E u4 .E . .r IE
I I

U, 0 H E 4- 41 141414A- -I 1 4 ~r4 - 1- - - - - -r I4
E nI c c 0C l> c >L4 I CD IC Dc >4 >< a

cx4 >i li 1i U ii)( UUUU :( L UU( -

E4 I :)I r- I-r -r r ,r - U - -r .r ,r r , L I

0 ~ ~ 1 11 1 1 0 aa Il 9C1 11 Z IOa OC 00 0O 0 1 0C DO 0O OO 0



Frost et al--117

I4 I
I4 H) Hw 4

4 0I

E- ON I

24 I U) I ID- )4 D C > C ) C C DC > C >C lC >

E-4 01 0

E- ~

E-. 21 E-4

r- 0 I N(

COD 01 0

N4 ID WI ,C OV >C C I w I N r
I I

>II

U) I I )ooc n

2I I

I) mI- r -t r
C4I

Im m mm m I

I I

E-4 . -

fn 0

H i ID 1 0 -41E

z I I I

0 )I I > >

ij I
I r" I~ uE .4 .D "r 4W14C

H I I U' 0(4I 1 D( l( 4( o(%m - o r wc ,

0 I W I Il - 414' 4- - 44 4- 4 4- 1-
E-- (nI c . ~ > C 0 Q > D C : = > Cw (E) > L> ) ) uuuuu I uL ) E

14 H .I z I r -,Ir -r -r Ir -r -r -r r r U I
Sn -4 1 I oc DO 00 D0 0 1O * 30 0c O0 oc



Frost et al--118

do ...:

LU -

n L A

-' a

.-- fn 4 1O O0 C ,c ' 2 C.tf %0, 0r o NNc o

0 D.

-C C

P4 Ix 10 Lu.

Ic 0
w - :3 4 10 , 4' o a , d c %C. tc ,c rm0

ED) CO

-C Lu -C .

.0 ,Y Luc 
C

co, 0 zC DC, C 3 3 3(,C40 (AC C 0C C C
U) cc

S.- ouij
M O O MW . 0 4i C n0. a' nc

Lu-J*C4pnN o 00N0 0 00 0000. 00 00:00.%
- .Lu W (A. SL U C

I.oxW: U
0Z 0 .OC -O C; C ;4 11 , 0CC 0 C 1"0OabaflD

0< O 0~.0 . .OO N
mAZ( 0 U% -00000r 00 'tC * Oi 000' CO '~0 00m w 0000fnW00

- M ~'- - - - - ~ ~ v~. -* yC

.rI~~ 4 CA CD %0 0 rOtU CA 10 ItO(tf.iO m 0t.4 .t m .t-4ULUON m 0 0

0 DC .r - )C a 00 0 0 Q 00 00 c a 000 DD000 Q 0 0 0

g LU Lu (3 W O* C0 . - 0 CD-CD j CD .0-O O O *0000QC

r M . A00. . (A pn W t@ cM N -C'J~N~

: tnC ,m t c;

cn -

CA: 0 Z

0> w 0* 0 - : I. ~ d - : -

WWU Z:J ~ z z - z z -. zz -, z
a-AC xC w: N:> N 5>C*400o 00 na tr

oe 0* Lu Lu. Nu Lu.YN6 0 MI n %t r
(A *a*0

I-- >2:
a-4 ;; 0.c a a a



Frost et al--119

.0

I.- .

C.

a.-

C4 0 't UJNU0 fA. 0 , % WN -r0ycmW, imW%%A'rnw'r..rn'T'

9S .9 .~. .9......99 9 ...............

W0~. *

IC 10 1?~

0. II.-

I-. co a Lu N 0.s.-% P2 0 o ,CDCj . . .. -cm 0" wi. -I-: 0,d' N ~ f ~ * t ~ A t ~ 0 . .~~~- 0 *l N. - ........... C! .9 - .0 .-

M- aS- .4 IfOtl- W9 W0f's..' Cj A N t -0*

1- .

m1 -4 inC. a 0 m - aC

0 = .

0Q002.5 D 0a a 0~--------0 --------------------- 3 00 QQC 3 ~ 0

'090 ? -N 0 , '0 N ' ~
Li 0 P N N 1 O 6%. m V * m - O L D L Q O .= a . w . 0 W , c 3 n U M o C 0 C m a( m 4 . e= .i -.o m nCU) -t U, 'I'0. . . .

u 0. ~
=A. _j .O oa = a ODCCa 0O O~ QQCDO K

L3j( aU)- 9. 919 9. 
-. 

C ,0aa
M. - P 0a k0 . 40 0. w: -C. Cu 0 0.wC

I. aU 0. Z>z2.Z. 
.0 L0 0,.AU CA* Q. Q, 0

-C -K 0. ~ .C .0
. 0. 0 .. - a . I 1

Lt.. .

z W. .NC l.0 - 0. .4()P. W%0 O.VY . *f CY rJ.*,a~
W0jo ao s ------. -----. - -- - - e---;- G : -C it

I- w. Wus
w -; la.. L
-'00.0(A



Frost et al---120

I? LU'

V~a

In.

o

Inn

m LU.

Q a

0 'LU

In U U In... .C

g n a 0
0ta IL .. mI co P, co 40 nw'-aC 01 IoJN M N' 0 , M -to.'CD fn aM, I m C

_i In 00'1!

m nLAp.C s-In "t Cz * MJ F-'InD'.. 'OP' 1 'C M 0 ..* Wr % ' . 'C 0 u . 'O ( CM 'C3 (M F ., L 0 . A00

0. %e

K LU.

0, N WC W P N N-1 0 O *r L_~ -IoN~la's .- N0.

In 0. M* ,Mr

C9 C 190 0 00 0~ piII M0N0"0n.7 000 9 C 7n 00000000! 0Oz 9 C 1%

-U *M 0' 'n U, U

Cie. C. 0. 0 a.DC3 aC,0C 000aaC ,C . .a00C .aC
- 00,0 ~ ' *'~0

n 0 Z

PI raC -In *l N~ C5 ItO .s N < L N 001 .4 0 10 n *C - 0M.4C .-
rn4 MI*I ' 4" P Mf P It 0In n -SI *

Z > Z >'

on cc 0.
uI 00. In.--



Frost et al--121

* 0.

'A

ca

0L

*A aA
IL i

* t 0 0 %0 00c p 0 , 0 00.

LA '0 1' %(,&C o 0. 0 0

*u 0. mC 3.0Q C

m ca

.0 .

.10..

ou co .y. c

Co Co U

A 00.

(A 00 't cm P,000000 N4c Ge
qc Ow Cw 5C 3 Dm =C DC*rI 1-

0 A

Z n(DW co 000 Ai00o0

Lu - ;; * 000 0 00000.w
ma..'L V .. ' 000 0000 02

LU '2r0

0. -C .Z : -S! -*4Sr'--*
C2L . .' - ,

; I' 0. C3,Cu.%
I-U m m r-S- .

-K 0.0

.' 0. .----

Ow -S * t

I.- LU .

Lu in in .
UP.(A



Frost et al--122

co

, iu.

LU I-

0 0'

Ow C

JL

U 
'W LU

Kr( ' nC .4 LU% CO l'-0 O mVC. r4 0 r4 O 'TC OO ( l lC F 0 a *n&UNNMjI

Cl) o . ....- tA*rJ. . . f l : :- . 7C
u~.00000000.0. 00.0. . 0OC O0a0U 0 000 ) ) .' 0 CO0 0 c00 C.> 0C0C

u ~ * '. . . . . . . . . . . . . . . .
CO A > 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0: Au 21" 1-r L N . 0e ,w0Na
H 0 0% l C W lc nC ~ 0C 0 W rO 4 p 3

-al

x 
lUw 

,Ii

0n CU,.0>c 0 0 >C,00C, D0C 2Cl000C )C

0-' '
C0B .

2. 0 CO0C M ' n('0^C n0 CK l.-0 ue ..CM-0 nNMli 0

LU-Na tm a M1 tI-ni i M0 P 0C M4 c ML ,

o 1! -0. 1 1 lin7 W 1 W 1 1

mi Ini

0 * : -: ? W* 0: ' C .1-.C; W-pz W; C -O-CD , C

C) ..- C)
-~~L CO 0us . ~ ' ~

C- cc0 eg of*.t0 .. ( ' 1A O
0. LU. -0co-lt-O.u N~? 0 , .~ C~ lrl0iP., m0 fjCi YCiejCl 4r u M -C
=, (-( : I'l ... , ~ . . t. t ~ . j 't 01 r4 j

cm0in.. . . . . . . . . . . . . . . . . . . . . . ., . . . . .. ,
0o - - -o o o o o o 000000000000. ^ m I fim mfi fn e e

a. 3

Z LI xO , -~t ~ ~ 0 w

-l .. . . .m. - ~ r 0 - --- -- - - C.

i IL * A
-j 4L (



Frost et aI--123

Go

UA (a

I(A

U-1

(A CA (a. 0 2OC 4

ac N w OO- us(A

't 0 0?

0 c0 -C

W0..J *X *J

* ).~ i ~~IN

0ot

& Id~'

(A 0 M 0Cz . 'K 1 * m0 aa1MU r**
FA4

A (N W% 6.%AI. . N.U.. . . .

04 0

O u . . . . . . . u. .

- t-Na0N ..

o mC nr mo'm 0000AE00 32

A. U 
0NC mN Mc m '=, at .. " ,

A . - . . - - --c- -n

= A U) (A

(A~l

wO. .cc 30 *

I - oU UA
of0 .



Frost et al--124

co .

* a-

0. 0*
a-.u

IL.

ww 'I. vW k % nL 0w l ' , 3L lc - c I' DI
xa. pnQW NW t C . .C %; .t J0w )'

.09a. 1 P -: .P %( 9l C

us C, (D CD -4-O2- CD C3o i~~= C3 C o0 DCC )C D D( ) 00a o 3

0U 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0

oL
0-4 >fl

ca (A c- -

b.- 9k .z 4
M- WP CO1 . n 0Mt- 00 DC - 0.&' n 0 c 00 .4gal ;11~ w ) w% t. n M qL U ~ 0 M tc .c ,

r*Ow1 V C W r " 110 09Lx a U .

C j w 0 DC ,0 c CC C50C 3 )( ) CD( OC

C13 0 * u F(#(*J~ Ca ~~ Fr jC(J * - 4'c j U .ox ~ . . . . . . . . . . . . .
0* 0 0 0 0 00 00 0 Q0 0 0 * 0 0 0 0ix 2c '1 a-. I % -O O & v0 rL n

0a.U M .0000000 (a t 000 0 0 00 0 0 0000000.

U-.

m0U u 4 C)CAP a- -a- 0 0 C- 400 00 Pp n 00Q0 W

a-

4^ a.- 0 * Ito~~j~ r- 0 r ** CD o a ~ L^ kAu'0 P.. 0*C oa t I l
C3 C2 130 tn UJ C) 4.I-I.p' Mv 00O * NN Ili -I t -n*n e

-CJ

4A 0.
w al~oo o 0000.0 0000o C, 0 00000C

to. .u .oOOO( ( 9 ,. .o oo z .o oe z .o .. o C Oz

0> onFnp Z . fnP' a-. 't~ to. ~ pa M - M on-.IM a ~ cc U, wU, ~ wj U

0 u. LU w * w

* a. ac In,a..

In 0

ZLU~~ .-..-..--.-- x*Z xcz z
1, C3. CD C3 Go Co co. l -(A0In *l L0. . 0 10 IOt t- N

a-
a-. > wu w
LU 2; 0 a.n,



Frost et al--125

0i I..

UA0

caa
0 I-.

as -C -*70n 
9 ..

.0

o Q 0 0

2 Ic

CC0 0.

0 . . -

o I (-. W.w-'0-)4 J.-''~ ~ ~ ~ l O '0*~00E493

m I- -

0 9Len0

N~.. .000000. 0000000.Lf % - z 000km00 0 t mm0. 00000

-

w 0, OI-. 0 oa( C-
x 0 cc .'.e.o uj c U) -C us K- U,

In z

u4 w U) * In

P- 9L -K .OOO.~.~- us00 -' w 0.0-Q Is

-C .e 0. -C W.U
atE -0 L" '0 1. fz r
-1-2 c

0. U U -
6- '.: LU US.

SW * J*



Frost et al--126

o ..

w ~

pVi 0

ix ~ .

In.

E4

04 0

0544

.u0 -O O OO 0 C) 0 00 c 0 0 000.0 00 O O ~

-4 L 1

M~ C -0.

V mofmCC ( ICI'c o %Y t0 0' l0 C5C A1 OMC 0p ,t OW
o %I N "I 00L OL n' m0 -1 0 AW *r nC.' 0 op '

o LU
00

fnI n4 0J * 0, C NIt ry "'t0If L04O tC t N l %0 - -tv

54 P- U. M .5........... G.o..........................I...............t ...............................- D0U
C . . ooK0 00 ~ o o o o c 0 0 0 0 0 0

(n 0- - - - - - - - - - - - - - - - - - - - C3 - - - - - - - - - - - C

o Z4
0 cc.o o c o ~ o o ~ c ~ 0~ 0 c' D ) O ~ C C O )

L,6 W, Q* tZL . F26N0 -
7 D: M' vU 0 0- nO

wn 090. 0 90 7 !1 C I
%Ai OQ %- t nL% ( NL A6 f 1 f %L nW ... n U% in n &n LA *- 0 ~ I t I nQ

z ..............................................

(A In C. z

(D . 0 N 01 .- r t -or1 j V% - N r 0 0 0 . -p m 't ~O0 M %f e If.NN M

04 Lii In.
ui a. K

C0 1-0 i 4.W . 4

. . 0. w. uJ4 M 4 M .M2

z4 M a.. W* 0 m

-K 0-0.
2W * c-r:-x zXKKKKzzz * ZZ xZZZ.ZZ * KZ K Z

1.- 40 U4~
1- :2. Mi Mi
UJ ;- W 0.

fi L (Al



Frost et al--127

t* I-,

w -

cu 0.

za .

.W ItC c0 u 0O .00 u o ooC. -S

0 -

,

m UN. 0m oc -
00 0.0O 

!W

m ofa 20C 00a0a0C

o ZCILi n N DpqC:I
14 "0'U. , -J...........................

u I-. -. w0 00 00 00 0

I- Ca0 -C 0 J , 4

#A 0-- --.-

-e w NW o-~ OO0 .0 .0 N N0r4-.o
_U fl!I-

z I V% 0^ W% *n VUN- CO't % n 't .WN

CD a %*

of
(A .

us( -A0 0Q 0 Q a .tu m

0 u *---CCC9a . 10 .(V4 i y0 .C
w W Q .

4a.c to00 00

W L) &W~ -- , ----

,- 4c0 w
z-K = . n (A

K(A z ~
m, z' N mN.i

.- " -C~z
w - > a..u

ai a. 0o



Frost et al--128

IX I-

I.-.
a-

0 Icn

o4u
Ln O*F-LI lO -p 0 M oP~~ - p ) n0' D00C

E4L 2 n 2r- !& 0 l.T ' o !a

.2 9 !t - r0 0m-
W *C 3C u ~ 4p O CD C3CC 0Q DC 17 :C 17 9~ .

1c C; .-jij'or.o- C; 1c;--. Cs.-oo- C*CC 21 2( > C D0

* C). . . .
t3 of . O O O O O O O OO O O ~ ' O O O . C O O

C30

0 -1 C0 O C9
W A0,00 o 00 '01 N 0 coa r .NCr n'

zt u w tP*r ,mwO MM0 - li %C nCl; n 0' , Nr n 0r OC DmCo <
E- m" !" 1 1 1 l l

*e z '0.. . .a.. . . . . . . . . . . . . . .

~W .,; aOO O O O O 00 0 0 0 000. I 000000t0000

0 gz 0 A-0

0000 00c00. 00 00 0 00 0 000000000000*

W MN-f M- WU CV 11 000 109',.*0 WUN 10 1 t CO% *) . n r 0L

(n 0 - - --------- D ------- - 0 - - -rr r r r r r0-

LU.Q!o
CP 't0N"NC O 0 tm-lp in .N r0 U r0NO *v0 DM' rN - tt 1C

Op DCA0 Tr-(A O 11 *- t i (NJCI 0 :: - % 0 1O ! n - 10 ar . CMLI f c U?-

CY 040D 00 .ao 0 I -00 n * r r'V - 0&A N r^0 N r * tI, N

04 U -t 0

0>0 , , M N Ni fn 0.~UN'~V I- 0 O 1- - CC~N fIt.NV 0

a,0 ix *w . ~ ~
*W .- 0 : z;: 3c; :

L a) *A wA * *i
* 0 0. 0.

tvm . N NJ NNN ri c r4 N N .r

2 -U) *n . t0~Oi~ 00 f" r en 'r 4^0 4^ 00 N m ry0 iFr-

oe> w I-C, n
w - a. C.

-. ' 0 1. 0



Frost et al--129

Q W

u a t-. U

M- :!MN .U

I..

0A
w

9'

-. co -C a.u~.... u~
ma - * MMw oU ,I

00 (A..
cc~ J 10Mf OC." - o 4aC

0 ' -0

04
CA

U- f- A .

0------------------ 0.
0 ex w

w 0. r0.-0 u"a0. .4 ..
Uh. Cp N.m- ' z* P
>A ... .. .. .. .. ..

* O N 'OI0'mM,&0. -.
00 * co

* 0. * uc

09 M -C 0 0 00 0
(EL u 9..9.!... !.... 0.

- .4

IM (a.0

z U .O A O NJ N N N.NA
e -C U)0.

mw Ow Mo. %1 00
OC w ; u VV0V , 0g

WI- 0 4 u.l0- > LU W



Frost et al--130

co ..

tu. 0*

a-

ca mL .r 0on- ,e oL 1 30 t to-01.V .0'
OwC n% n QL C YC l C 0 C -rV jl 0 C tr

zo. C
0.C O NC ,L o sCy MU Tp %0f n 0 r%

0 w^ 4^ 10.t~~ u * 0inN V% .0 n ^^ LMtwl I *W UN IN. t

;70

* uJ.

10 *u 0.
0 OCO0

a. z -0 0I 0mam1-01IM0 J t P1 Wm .U . nZ np lI t m l L 101 . 1 tm 0r .N t
N- O 0 9C 1:1 9U ' 1 ! W

IX w- U L C *1 W ' mM CD- * !cmr n C D 1 0 Q00 U- A m em c N c o mM N MC
CO Lt .

cc ca00. enU tc lP AO ,p 0m 0 1 0'. T -W
(*CP lV n mmW . Y % .M# I n Q Im 0% W% 0 .- q

0 P * w , cotV~. N *,M0

o o 0 a- Ln 0tN(0f. ~ QOO.NNL -NW , - V %0.0Ou NL^N00.

U) M: -. V O m a C 0 C a0 0 ,0a -N0

*- - - - - - - -, 0 -0. N in -p P Nf
o c N W or 0 I m0 0 - %- nL C 0 . 0 r C

m0 0 0 0 00 00 0 0000000 000000V0.qM mm

CD 0, CD0 QC,000 0 oC.0000000, . 0000 0. 000mC0400 C . 3,C .
Q04a -* 0 c 0, 0000000. 0m0000 c, 0 0 0000.C

u 0.0000 0 e oco M Q 00000

W . .

wwu .W*- -. -..- ,

14. I. w. N ,0- :m. W

-n'% S z > ~ % . x% >* - ' >.

2U w' UI' U).(. 0 0

:, NIe 0'. * *
m 0WYr V mf a m"IP nO.M 1 4 I

I- m 0 -C .
-wW 4n 0z .

0 : *l(At
K -0 .



Frost et al--131

ga u-.

rl a *
4c- ~ ,

0-

0A

IajY 40. tm ' m u0 0.

=a. .0 W - n

c. a

0 fu

,Z. a32t. -*nP C l

W .c aM F N UN LA 0on ~ ~ o~ 10C (P t' 0 a N '4 N
0 

,. .
,, 9 9 9 0E-4 at at

0~. 1. riW . o0

m lW 3-.-~

a N. a* Go N N . YNP y 1 -c 4W

OuJ-w 1 A .0 1. 0.N * N. .-. A 0NC~t.gat >. g.- ... .. V 1 1

ry--(A rNVI N m *CY N ~~Nmp CV N M m r mN N N NV "N N

.9 9 9 .9 9 . -

~~~ 0 C .0QaC a 
0m 

a~ C; aA-~ml0o O~lA .0 1 '- - o -.

.. -C0 00 00 OCoCDo a00 0 . 0 0 0 0

O> - " " N " N rY -y *YC y u0. 0 . OC UsC .4 L LU *LJ 3 . 00 0 0

3c 3c . >> z>>t. LU. w. uj.

In. 
,L ac.0 .cyN( a..C4C - m -K Nr Yc - yC 4CCL mAU 0 0 . N m C4 J N cm " I N N m n m I 2 I J N P f

K. =~(J(~ K. IA~9~= 4**4

(, A 4 =. tR

c cc~t-p 0 -Cm. usNg'~

z- a 0. LA 0. (V ,f vc N 3 r
I- : U t.

%u 9L(A



Frost et al--132

0 ..

0i C2 J

* 0.

0 . 0 0C, 6 Oa001 N0 l0 F V1 tC .
mC .0

LU 9-m 0 A ' 30 0u 0c '

mw cymt rc t nc NO '
oo 'a Z

I.-

LU 0

0

10 7 'LU CON00 0 C t& 0 0-tO .. a0I0flJ 9aru l l , . corn mcOi 0

't0O~'O 09-.0U 0

10 r4(0. Of C n0 ' )C~ C0'U * LU. A (j( -C - jc ric m"m : c

Cc U

0 -cc -C 019 1

o- LU Coco 0-0If 0.7 C, 0 -- 0 m% rF 00 fu 0N0 ' mC' LnAv ,O

0 C CA Zi - W! 0: -I .9-0 C 0O Cr.n O"- C!u,--*11cc 0 N 0
o w~-9. .0=4f-rOn;t O oc om 0I 0W 0O 0.9. el to N0 -4 ~ol-cm J0.J

I.iIx a.0 t40p 4 n r *I * 0 CU ^j r r-t Q-t.t9 Q* L tIMN

-x

9-010 M- M MU M 00 09 . 00 0O .Lm 0 N00 '0 t I-0 4*c Mrwa 0% &-
L -. Z -t'O0 '0Uo0 .- O p 0 ~ .

*a0C " 0% Q f.0 b-0 90 0- MP,- Co '=m 00 ,0 " " 4O N M00 0C o C'-tO .

0 - LU *N - - - - - - ---T r l tI t n mp n % t t-- m. rI * re N

of

.J 0 0 a N, C3, C) C2 CD a CD 0 Q C3.N(D C

V C3 0 O UN N 00 0 C 0 lt C V , 0 0 0 0 0 W inWM * 000000J C *00 000
>* ; zO I tmp tI t tL nmF nr nI t0 * u I.-- - - -, r n94 1on F .

0 L. -,

00 z z zU,

- 0' LU' ui. j

-K -C 0. 0 .C
ca. a. cc a.m f

- - - 0- - -. -~*-.- -a'~ C m m M

0
K z:.JcW Z ZZ K K ' E Z K KZ Z ' Z K Z Z Z

I.- > O' W
9> In atn
In L 0



Frost et al--133

0 W.

0 .

0. As0 0Mf -

-K.

20.

0.

V)0

Ci 0 -* -.c

-c, 8. U, 0*: '
EA 0 j 6

~0 0.Cc 0 Cn

a0 -J - ,i *. a tf0 00048.0. 04 NP 0
o 4 - 0W *IC!.

u . A on m I-r mmf

-~ u.0 in ar- mN '0.*0N

4J A 0 0 * m0

*LLI

'n .4mm

'00 a00 C00 00 0,0 0 a

L.U --I- - - -

P4. - .l ol 0
O>~ P--'A

00 . 1us

m.aa
at IL

& 2c

LL..

K 0
2W0 *-Jx~x.2 2z 122

2z

W.2 . 2 O & N40.0
A- 'U'.

Us Lu lu
ex ( L0.

-5 0 0. W



F'rost et a I--l 34

o ..

LU A

LUU

E-4

E-14to V 0' 0' r4 cO.. 0, 0.,o 0 0n in 00tE Nm C o a . 0 P- .

0, Ln .O1 n L O I eq coo Go.Es~~n.t 0Eco n .~r e J m C N cot3u10 l..D ..Ot0 .

z f* owe

,a -0 Cc

I 3 .. 001 0 C! n.- C! C0NWNUl.0W: 0

E1 ce *. 0. O* C.I M(Jin t:2 N 0 M .t 't .4nn ie nnni 0 .

En
P, N A( 40 n' % D 0C z000 .. OC C ,cEn 0 0. 0 ,CI ~ t 0C "; n6 lU O -C -N O- W MO N J 4esiNO-0 : l 1 , 4 'UO1 19~r~nf

2 0 - M N00 m -'ta ' ".I 't 0 -V Cj M 0 * ) 1 f r0 r )-( OL

ofo
zi IV . W 4En UaNt. %,;- 'r I,. V . NMC 00 n 0.10 (M&A Man V%' * N0 Enf''O- .t cm C
in .> .m 0.N.m0MC mw; nL ~ % N'

oomc 4I o0 o0 I t 1 Itm 0 It O0. u Nin..t in r0 0 ~t N 0l0 M

-8 U' 0 0 . 00 o o ~ . 00 00 0 00 0 000000000 nM N' aaC M C l t- ( u )Q00

Li 0C. w En 00 00 .. )O0 (D C,~o oe o * O oe a o
<* ,; N . .

r- w o. N NN o 2 D w" i-. o N Elt-~ cm m cE *B W o-;wm0 -Do
x0 ac * Lu. WL LU.WLUL U W -, . -

- . 0. LU. LU.

*~o 0.a a

u C UU00 N (NNJ 4 N N1 J em. NN NNmN P cm, N(NJmNNN m mc.m C C m - mcm(
to -%JNNNI' 1. NN 0 0 :

3. 0. -n. En E.En
.e U U f (

InO

W *U -A~ x W. M.L I w ~ A IL W. U

LU 0. C) r r r r r ~ r r r r r
- EfL..U
P- W LU L
LU IX C.



Frost et a.1--135

*L 3-

w 

I.-

NIA .- o
Z3 CD T . . . . . .
a C2 -

,0 o

o c -0. .. - r.

O0 UJ .0 4%JN NN..U*3&
caU I.-.

0 10V V . h o 0.0

W- m-C x W 0 1W

0* 0

0.- U" 2t m..... 0....................
of 0 .- . . .O' 0 U

ch 0 ; %a. N0 cm 0 10 %A

cc w
. z 0, *m N0 tQ600 fnCON.

o0 a' ̂ Ii*L mt 1- uNW

. 0000Q0000CDQ0

46 0
Ge & -C * C *

2~ pi...........0n'Cj (

3-6*6* L '3-0
- . .l

I.. a.Ca

U 9L %%% 0'r yC~ y(Mf i

30. d '. 6*.6
z u.0U.(a

0CIO 0. .01 -- -- 0N-ra

Me 0*'z -----

12 '(,a



Frost et al--136

Appendix P: PATHOLOGY REPORT

GLP Study 86007

Principal Investigator : Cpt Frost APC # TLBO

I. Introduction:

Study: 90-Day Subchronic Oral Toxicity Study in Mice/Nitroguanidine

Test Substance: NitroguanLdine (CAS No. 556-88-7; LAIR CODE TP036)

Species: Mus muzsc us Stiain: ICR Sex: 70 males and 70 frmaiien

Body Weight Range: 18-25 graimr; Age: approximately 5 weeks

Dosage group: Number of animals/group

Group 1 - Control 0 mg/kg 30
Group 2 - Low Dose 100 mg/kg 30
Group 3 - Middle Dose 316 mg/kg 30
Group 4 - High Dose 1000 mg/kg 30
Group 5 - Baseline sacrificed day 1 of study 20

II. Summary of Procedures:

Euthanasia: Sodium Pentobarbital, IP
Tissue Fixative: 10% buffered formalin
Histopathology: Routine
Clinical Lab: Hematology/serology
Other procedures: Organ weights

III.Gross Findings: The incidence sumri¥ry reports for gross necropsy
observations for the final sacrifice and interim sacrifices 1 and 2 are
listed in tables 1, 2, and 3 respectively.

IV. Microscopic Findings: Tissues taken for formalin preservation from
all groups were: brain, trachea, thyroid glands, parathyroid,
esophagus, parotid gland, mandibular gland, sub-lingual gland, exorbital
lacrimal gland, heart, aorta, lungs, thymus, spleen,mesenteric lymph
nodes, gall bladder, kidney, urinary bladder, uterus, accessory sex
organ, testes, ovaries, duodenum, jejunum, ileum, pancreas, cecum,
rectum, colon, stomach, skeletal muscle, sciatic nerve, tongue, skin,
mammary gland, bone (sternum), adrenal glands, pituitary gland, eyes and
optic nerve, liver, H::derian gland.

All tissues were examined in control, high dose and baseline (groups 1,4
and 5). Target tissues (brain, liver, kidney, lung and urinary bladder)
were examined in all groups, and were the only tissues examined
routinely in Groups 2 and 3.

Tables 4, 5, and 6 list the incidence summary (with %) of microscopic
observations of tissues with recorded findings from the final, interim
sacrifice 1 and interim sacrifice 2 respectively. Statistically
compared microscopic lesions between final and intermediate sacrifice
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groups at the .95 level of significance using the Kolmogorov-Smirnov two
tailed test are listed in table 7.

V. Summary Comments: Compound related/induced gross or microscopic
lesions were not present. All gross and microscopic lesions were
minimal to mild in severity and considered to be incidental findings,
commonly observed in mice. The only significant difference between
controls and treated animals occurred in Group 3, females, where the
amount of extramedullary hematopoiesis in the liver was lower (Table 7).
This is an incidental finding and is not a dose response phenomena.

C. DAHLEM SMITH
MAJ, VC
Diplomate, ACVP
Division of Pathology

18 July, 1988



Frost et al--138

Appendix P (cont.): PATHOLOGY REPORT

Glossary of Microscopic Findings GLP 86007

Acse't sory Se: Oxu.i:

Adonitis: *,e . . in-:,,1 intl wnmat.ory cell infiltrLtes
of ,, , 12: wit hin t p'!e f enchyma.

"'ilated ducts: OccasicnaLly, there are ducts lined by
and partially distendd with keratinous debris.

Adrenal iland:

Cortical cell vacuolation: Corti.cal cells near the
corticomedullary junction undergo prominent
vacuolization with subsequent disposition of
intracellular ceroid or lipogenic pigment. This
change eventually encircles the medulla.

"t 1 cal c usrn is: The t iansient zone X surround; thc
nimd,, 1. in young mice and disappears rapidly in
young male mice at sexual maturity (approximately 5
weeks of age). in females this zone disappears at
pregnancy or alternately may be visible for 6
months. Subsequently, lipid accumulates in this
area. (see cortical cell vacuolation).
Microscopically there is loss, necrosis and
vacuolation of cortical cells with adjacent
prominent sinusoids and occasional cellular debris.

Medullary cell vacuolation: The presence of cytoplasmic
vacuolation occurs within medullary cells.

Subcapsular cell hyperplasia: In numerous strains of
mice there is a proliferation of spindle cells
beneath the capsule of the adrenal gland. This
chance involves th, zoena glomerulosa and extends
downward into tL cortex. Cells are fusiform with
elliptical nucit-X, scant basophilic cytoplasm and
are bcnign in appoararice.

Br a in:

Fat in the che roid plexus: Several fat cells are present
within the choroid plexus with no attendant
disruption or compromise of adjacent nervous
tissue.
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Hippocampal vacuolation: Numerous 5 to 10 micron
diameter empty vacuoles are present within the
hippocampal section of the brain.

Hydrocephalus: Hydrocephalus is a bilateral or
unilateral enlargement or dilation of the ventricles of the
brain at the expense of adjacent parenchyma which undergoes
pressure atrophy or liquifaction necrosis.

Esophagus:

Mononuc]ear cellular infiltration: There are small
multifocal populations of lymphocytes with lesser
numbers of macrophages and plasma cells present in the
submucosal tissues.

Eyes and optic nerves:

Bilateral retinal degeneration and/or atrophy: This is
inherited in some strains of mice and can also occur
as a light associated lesion, especially in
nonpigmented animals. This lesion is characterized by
absence of the entire outer nuclear layer of both
retinas due to the degeneration of the photoreceptor
outer segments or associated (non)pigmented
epithelium.

Exorbital lacrimal gland:

Subacute adenitis: Subacute to chronic inflammation of the
gland is characterized by the presence of focal or
diffuse infiltrations of lymphocytes, macrophages and
plasma cells, possibly accompanied by minimal to
moderate loss of glandular tissue through either
necrosis or atrophy. Fibrosis may or may not be
present. In most cases there is intraductal
accumulation of inspissated secretory material.

Harderian gland:

Porphyrin pigment: Within the glandular parenchyma there
is porphyrin pigment which is a normal excretory
product of this orbital gland and consists of
;icelluljr masses of dark brownish material.

Kidney:

Cortical cysts: There are single to multiple variably
sized dilated cystic structures within the renal
cortex which are distended with light to dark
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acellular eosinophilic material and a few degenerating
cells. These cysts are lined by flattened
epithelium and displace and compress adjacent
tissue.

ilydronephrosis: There is a uniform diffuse expansion of
th, urinary space with a concomitant loss of
medullary and cortical parenchyma. This change may
range from minimal with negligible tissiue loss to
..overe wit.h k-xtensive loss of the mcin Il;t and
cortex. This .lesion may be bilaLerial o-
unilat oral.

Lymphocytes, interstitial: There are multifocal
interstitial aggregates of lymphocytes and
histiocytes randomly distributed through the renal
cortex. Loss or disruption of normal tissue is
minimal.

Mlineralization: There are multifocal small interstitial
and/or intratubilair accumulations of basophilic
acellular material with concomitant disruption of
adjacent cells.

lroq(ress: ,e renal disease: Clomerulonejphritis is one of
t. he most. commoln rerl nf me(C and is oft:en
as. **ed wil.h eit-Lb r pers it .ont viral diseases or
with immune di!:.ordors. Glomeru; have
proteinaceous deposits followod later by tubular
atrophy and proteinaceous tubular casts.

In addition, a chronic nephropathy also occurs in mice
as an incidental aging lesion and resembles that seen
in rats. There are multiple foci of interstitial
lymphocytes and histiocytes, interstitial fibrosis,
tubular casts of proteinaceous material and thickened
basement membranes of the glomeruli and tubules.

Pyelonephritis: WK. ix the medulla, there are mixed
infiltrates of neutrophilic and mononuclear
inflammatory cells, fibrosis, necrosis, tubules
dilated with proteinaceous casts, and loss of
tubular stntictures. These changes may extend in a
radial fashion into the cortex. There may be
cellular debris present- in the urinary space.

1.1 ver:

!,:-tra ednIlary hematopoiesis: Hematopoiesis is normally
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present in the spleen throughout the life of the mouse,
and is present in the young and juvenile mouse
liver. There are multifocal populations of large,
basophilic nucleat,d cells or blood islands
randomly distributed within sinusoids between
hepatocellular coLds.

Granuloma: There is an occasional small focus of
macrophages with a few lymphocytes present within
the hepatic parenchyma. Hepatocytes may be
displaced and degenerated.

Idiopathic foci of basophilic, eosinophilic, vacuolated
and/or pleomorphic hepatocytes: There are foci and
areas of hepatocellular alteration which are
uniform in size, have a diameter less than a
hepatic lobule, and have architectural alteration.
There is minimal to no compression of surrounding
parenchyma although the appearance and staining
reactions of the colls sharply demnreate the
alteri( area trom normal hepatocyto.-. Usually each
f0c1is is ( Lther ba:JSophilic, eOSi nophii ic or
VaeUoldtL'Id. Occsional y, within a locus thler, is
a mixture of a few cells from one of the other two
types.

Microabscess: There is an occasional random small focus
of hepatocellular necrosis, debris and an
inflammatory infiltrate of neutrophils and
mononuclear cells. This may progress to a
granuloma.

Periportal mononuclear cellular infiltration: Within
randomly distributed portal areas are populations
of lymphocytes with lesser numbers of macrophages
and occasional plasma cells. There is no attendant
I issi it di :rUE tion.

Adenomatous hyperplasia of the alveolar epithelium
(adenomatosis):

Adnomatosis of the lung is a focal hyperplastic non-
neoplastic proliferation of Type 2 alveolar epithelial cells
with or without inflammatory cell infiltration. This lesion
frequently occurs in centriacinar regions of the lung at the
junction of conducting airways and exchange tissue. Type 2
cell proliferation is frequently accompanied by infiltration
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of alveolar macrophats both within affected alveolar lumens
and within the intOstitium.

B alveolar ell ,i :,m: [.ronchiolar/alveolar cell
adencria is , -I 1-demarcated, usually focal, area
of cuiboidal c(,!cl foindnq solid, qlandular or
pap'llary [',t-ter:1s wit.1 concomitant compression and
obliteration of adjaccent pulmonary tissue. Cells
are unifor- with variable nuclear features and
mode-ace anmounts ()f amphophilic cytoplasm.

Perivascular lymphoid aggregations (cuffing) : There are
multi focal minimal to moderate lymphoid nodules
present adjacent and around both medium to large
airways and vascular structures.

Vas-cular congestion: There are multifocal areas of
a lveolar capill ilyi distension by red blood cells.

Plhysiolocgically active: Glandular lumncna distended with
eosir. philic proteinic material and lined by large,
basonlilic itt benign epithelium are present in
subcutaneous tissue.

>.'.esenteric Lymph Node:

Composite lymphomua: Synonym: reticulum-cell sarcoma,
type B. This is a neoplastic lesion of lymphatic
organs. The cell of origin is ill-defined. Early
involvement occurs in the mesenteric lymph nodes,
then extends to other nodes and the liver, spleen,
kidney, thymus and lungs. Preneoplastic changes
consist of follicular hyperplasia with prominent
germinal centers-, sinus histiocytosis, presence of
pyroninophlic cells, medullary plasmacytosis and
epit.elioid s:. 'oid-like nodules.

Lrythrophajocy:os-is: Within the sinusoids are numerous
macrophages laden with intracellular erythrocytes.

Sinus histiocytosis: There is an increase in the numbers
of histiocytes (macrophages), both fixed and
circulating, within the medullary sinuses of the
node between the medullary cords. This hyperplasia
of the mononuclear phagocytic system may be
extensive enough to fill the sinuses.
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(ovaries:

Cysts, paraovarian: The paraovarian cyst is a loosely
used term to refer to a variety of cystic
structures located adjacent to the ovary. The
cysts may have one or all of the following: a thin
wall of connective tissue and muscle fibers, lining
of low columnar epithelium with clear cytoplasm,
presence of a basement membrane.

Cysts, follicular: The follicular cyst develops from a
follicle which has arrested development at some
stage of the ovulatory cycle. Depending on the
stage, follicular distension may be due to cellular
debris or proteinic fluid. This appears as a round
cyst within the ovary lined by compressed luteal
tissue.

Pancreas:

Subacute pancreatitis: Th-re arc mixed infldmnmatory
infiltrates composed of mononuclear cells with
lesser numbers of neutrophils. Glandular tissue
destruction, necrosis and loss are followed by
fibrosis.

Parathyroids:

C cell hyperplasia: There are increased numbers of chief
cells subdivided into small groups by fine
connective tissue strands and capillaries. These
cells are cuboidal with eosinophilic cytoplasm.
There is no compression of surrounding tissue.

Rect um:

Di1 it-.d se(i .b,(C''ous duct. .': 'liete ire a ft-w -tibmilico,;al
2-',,hi, (12 : I wird i I It duct i Ii n, -,* by ind p, rt : -ia L ly
cij:;ttii(cl,, by kert at hi11(11: (It-l i . 'liT i.; (l11i :1' ay (1
h1ay flut h.A C(2l1COnifi t-,lt Wit 11 iU.,j) ,t iVi. AdQ1IitiS 0t

the sci)accou:; glari.

Suppurative adonitis of sebaceous gland: An inflammatory
infiltrate of neutrophils with lesser numbers of
lymphocytes and macrophages, admixed with celluar
necrotic debris, is present and obliterates random
small areas of glandular tissue.
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Salivary Ginl, (ii ,:t id, mandibtii,ti or Sub-Lingual):

Adenitis: There are mu)tifocal mixed inflammatory foci
characterized by interst it ial infiltrates of
ly-piocytes with lesser numbers of macrophages and
occasional pla<;iia colls. There is minimal loss or
disruption cf normal parenchyma.

Ductal fibrosis: There are occasional, multifocal,
m.inimol to mild, incr,,wed fibrous connective
tissue frci aith tripi-ed Jictular strucrures and
lymnph'cevtes.

Skel.&il :mscic:

'1'' I.t..~ t i 1 1I 1~tl t i 1 l 11 i ]t ) h l ' l ' ' [ J ] | o [

t:", ' c, , Iit I) t t r(,l y of ('I.t+l lit'I I y l] s, I

1 r : i ' I 1 I, i II I r I i t ,,, , i, L' -'llsenuritS
ii t.i' ll ] l [ t :, lnd Ili ric ro I1 i "l i~ tl ) :( ! ) e

n sk,' lt. 2. ::vi. CniicOmitariLt reqenerdti ve
,asor, ihlic tiuclei o re lined up in rows in the
middle of ad-acent myocytes.

Spleen:

Ex:tramedullary hematopoiesis: Hematopoiesis is normally
preseit in the spleen throughout the life of the
mouse., and is also present in the young and
:uve:.iie mouse liver. There are multifocal
populations of large, bascphilic nucleated cells or
biloc i<l..,nds randomly distributed within
sinuso cids.

i}'iye luci r l 't li a : "'Theo iS an incr#ase of the myyeloid
cC2L. ,,tt, of t h,., noi]ri.i hematopoiesis that occurs

wIth i l, t ' 'tkd ( t t-he spleen.

Stomach:

Glandular cysts: Within the glandular mucosa, occasional
crypts_ a- . diluated, distended with cellular debris
and are linod by flattened crypt cells.

Thymus:

Cysts: Cysts are occasional, variably sized, round
folli'-les wlich are distended with amphophilic
srellulcar material and cellular debris.
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Thyroid

Colloid cyst: Colloid cyst is the presence of greatly
enlarged (over twice the size of an average follicle)
colloid-filled cystic space within the thyroid gland.
Epithelial cells lining such cysts are usually flattened.
One or more colloid cysts may occur within a single thyroid
gland.

Urinary bladder:

Mononuclear cellular infiltration: There, are random
multi f(w:(:,1 accumu,it. ion:; of- 1ymlhocytes with lesser
numb,,rI'; Of histiocyt vs 1ir1d p)lasma cels I in the
sub uc(sal t_ IsstLis. These IccumL! 1t 1Lions are oft en
just 1;'l.Iow the uothloJ [imt.
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