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ABSTRACT 

The straight chain hydrocarbon, n-hexane, is a volatile, ubiquitous sol- 

vent used in industrial, academic, and smaller commercial environments. The 

significant opportunity for women of child-bearing age to be exposed to this 

chemical prompted the undertaking of a study to assess the developmental toxi- 

city of n-hexane in an animal model. Timed-pregnant (30 animals per group) 

and virgin (10 animals per group) Sprague-Dawley rats were exposed to 0 

(filtered air), 200, 1000, and 5000 pprn n-hexane (99.9% purity) vapor in 

inhalation chambers for 20 h/day for a period of 14 consecutive days. Sperm- 

positive females were exposed for 6-19 days of gestation (dg) and virgins were 

exposed concurrently for 14 consecutive days. The day of sperm detection was 

designated as 0 dg for mated females. Adult female body weights were moni- 

tored prior to, throughout the exposure period, and at sacrifice. Uterine, 

placental, and fetal body weights were obtained for gravid females at sacri- 

fice. Implants were enumerated and their status recorded as live fetus, early 

or late resorption, or dead. Live fetuses were sexed and examined for gross, 

visceral, skeletal, and soft-tissue craniofacial defects. 

Maternal toxicity manifested as a reduction in extra-gestational maternal 

weight gain was observed at all exposure levels, and was statistically signif- 

icant for the 5000 pprn exposure group. Extra-gestational maternal weight gain 

(calculated from 0 dg to 20 dg) relative to control animals was reduced by 20, 

23, and 45% for the 200, 1000, and 5000 pprn exposure groups, respectively. 

Cumulative weight gain (CWG) for dams in the 1000 and 5000 pprn exposure groups 

was significantly reduced with respect to controls by 20 dg. The CWG for the 

5000 pprn was also significantly reduced with respect to controls by 13 dg. 

Comparison of n-hexane exposed groups with the control group (0 ppm) 

indicated that gestational exposure to n-hexane did not result in an increase 

in the incidence of intrauterine deaths or in the incidence of fetal malforma- 

tions. A statistically significant reduction in fetal body weight relative to 

controls was observed for males at the 1000 and 5000 ppm exposure levels (7 

and 15% reduction, respectively). Female weights were also reduced with re- 

spect to controls for these exposure levels (3 and 14% reduction, respec- 

tively), but the reduction was statistically significant for only the 5000 pprn 

group. Gravid uterine weight was also significantly less than controls for 
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t h e  5000 ppm exposure groups. A s t a t i s t i c a l l y  s i g n i f i c a n t  inc rease  i n  t h e  

mean percent  inc idence  pe r  l i t t e r . o f  reduced o s s i f i c a t i o n  of s t e rnebrae  1- 4  

was observed f o r  t h e  5000 pprn group, and was p o s i t i v e l y  c o r r e l a t e d  with expo- 

s u r e  concentra t ion .  This increased incidence of reduced o s s i f i c a t i o n  i n  t h e  

s t e rnebrae ,  and t h e  reduction i n  f e t a l  body weight a t  t h e  5000 ppm l e v e l ,  may 

have been i n t e r- r e l a t e d  manifes ta t ions  of a  s l i g h t  growth r e t a r d a t i o n .  

No major abnormal i t ies  were found i n  any of t h e  f e t u s e s .  Var ia t ions  

observed inc luded d i l a t e d  u r e t e r ,  r ena l  p e l v i c  c a v i t a t i o n ,  supernumerary r i b s ,  

and reduced s k e l e t a l  o s s i f i c a t i o n s  a t  s e v e r a l  s i t e s .  The inc rease  i n  mean 

percent  inc idence  per  l i t t e r  of reduced o s s i f i c a t i o n  of s t e rnebrae  1- 4  was 

s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  t h e  h ighes t  exposure concentra t ion ,  and t h e  

inc rease  was p o s i t i v e l y  c o r r e l a t e d  with inc reas ing  exposure concentra t ion .  

The lowest n-hexane exposure c o n c e n t ~ a t i o n ,  200 ppm, proved t o  be a no observ- 

a b l e  e f f e c t  l e v e l  f o r  developmental t o x i c i t y .  
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INTRODUCTION 

The straight-chain hydrocarbon, n-hexane, is commonly used as a solvent 

for the extraction of oil seeds, as a reaction medium in the production of 

polyolefins, elastomers and pharmaceuticals, and as a component of quick- 

drying cements, lacquers and adhesives. The production of n-hexane, which was 

estimated to be four billion pounds per year in 1979, utilizes stocks of 

straight-run gasoline and higher boiling liquid products stripped from natural 

gas or paraffinic fractions of refinery streams. It is also found as a minor 

component of gasoline and its combustion products, hence petroleum products 

are a major source of environmental hexane contamination. Due to the large- 

scale production and widespread use of hexane, including teaching laborato- 

ries, the opportunity for industrial, incidental, environmental, or volitional 

(glue-sniffing) exposure to hexane vapors is significant. This study was per- 

formed due to concern that exposure to n-hexane vapors may result in a nega- 

tive impact on human reproductive function and/or fetal development. 

An excellent review concerning hexacarbon toxicity and metabolism is 

available in . . (edited by Spencer and 

Schaumburg, 1980). In summary, polyneuropathies have been reported following 

exposure of workers to n-hexane contained in adhesives, when used as an indus- 

trial solvent, or following repeated exposure by glue-sniffing. A metabolite, 

2,s-hexanedione, has been shown to be responsible for most, if not all, of the 

neurotoxicity. Younger rats appear to be less sensitive to n-hexane neurotox- 

icity than are older animals. It has been suggested that this difference may 

be due to their having shorter axons with smaller diameters, or to a greater 

rate of growth and repair of peripheral nerves as compared to that of adults 

(Howd et al. 1983; Kimura et al. 1971). Likewise, Graham and Gottfried (1984) 

hypothesized that mice are less sensitive than rats to gamma-diketones, such 

as 2,s-hexanedione, because myelinated axons in mice are shorter and have 

smaller diameters than the corresponding axons in larger species. 

Pharmacokinetic and distribution studies of inhaled n-hexane have indi- 

cated that the saturation concentration of n-hexane in organs is directly pro- 

portional to their lipid content, and that blood contains more hexane in rela- 

tion to its lipid content than do organs (Andersen 1981; Bohlen et al. 1973). 

n-Hexane Rat Teratology Final Report 



Baker and Rickert (1981) found that the metabolism and elimination of n-hexane 

were dependent upon exposure concentration, but that the tissue concentration 

of the metabolite, 2,5-hexanedione, was not directly related to n-hexane expo- 

sure concentration. Bus et al. (1981), using 14c-labeled n-hexane in 6-hour 

inhalation exposures, found that the distribution of radioactivity was depen- 

dent on the exposure concentration. 

In studies designed to address the possibility that exposure to hexane 

may affect prenatal development in rats, Bus et al. (1979) also determined the 

distribution and half-lives of n-hexane (t1/*=1.2 h) and 2,s-hexanedione 

(tlI2=3.9 h) in maternal organs and fetuses exposed to n-hexane during gesta- 

tion. Concentrations of n-hexane and its metabolites in fetuses were approxi- 

mately equal to those in maternal blood. Nevertheless, they observed no sta- 

tistically significant effects on intrauterine mortality, fetal body weights, 

or in the incidence of fetal anomalies following daily inhalation exposures to 

1000 ppm of n-hexane from 8-12, 12-16, or 8-16 days of gestation (dg) for 

6 h/day. Growth of the exposed pups was impaired during the first three post- 

natal weeks in the group exposed 8-16 dg, but the possibility of maternally 

mediated effects or postnatal exposure via milk was not examined. 

Other developmental studies included those of Marks et al. (1980) who 

found that oral administration of n-hexane (2.2 g/kg/day) from 6-15 dg in rats 

produced one maternal death, but no adverse fetal effects. When they adminis- 

tered 2.8, 7.9 or 9.9 g/kg/day of n-hexane subdivided into three oral doses 

per day, maternal mortality was increased and fetal weight was reduced in a 

dose-related manner for the two higher exposure levels. No fetal malforma- 

t ions were observed. 

Exposure of female rats for 7 h/day to hexane vapor at concentrations up 

to 10,000 ppm for 15 days prior to conception and through 18 dg produced 

neither signs of neuropathy nor indications of effects on postnatal maturation 

and growth of the pups (Howell and Cooper 1981; Howell 1979). No effects on 

the visual (VER) or interhemispheric (IHR) evoked response of anesthetized 

offspring were found in the first series of experiments. However, in a second 

set of experiments, there was an increased amplitude of the VER peaks in 

unanesthetized 45-day old pups of the high-concentration group. 
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These studies are rather convincing relative to the absence of morpho- 

logic effects following gestational exposure to n-hexane vapors (despite the 

low exposure concentration of 1000 ppm in one rat study). While it is tempt- 

ing to conclude that fetal and neonatal rats and mice are relatively resistant 

to the effects of n-hexane exposure, these conclusions are based on incomplete 

evidence. In order to provide more definitive information regarding the 

potential developmental toxicity of n-hexane, the following study was per- 

formed with the goal of maximizing maternal exposure during gestation. 

Since it appears that toxicity is a function of concentration vs. dura- 

tion of exposure over certain concentration ranges for most chemicals, an ade- 

quate assessment of the teratologic potential of n-hexane requires evaluations 

after exposure to a series of concentrations, the highest of which causes some 

maternal toxicity. To achieve this goal, this study in rats employed multiple 

exposure levels ranging up to 5000 ppm for 20 h/day. (The maximum exposure 

concentration was limited by safety considerations to 50% of the lower explo- 

sion limit, =lo, 000 ppm, for n-hexane [NIOSH, 19811 . ) These exposures 

extended throughout the late implantation, organogenic, and fetal develop- 

mental stages (i-e., 6-19 dg). Fetal evaluations were performed on 20 dg. A 

similar study was performed with mice to obtain comparative data in another 

species, and will be reported elsewhere. 

Reported effects on lipid metabolism suggest the possibility that the 

ovaries and/or ovulation may be affected by exposure to n-hexane vapors. 

Although the limited data of Howell and Cooper (1981) regarding preconception 

and preimplantation exposure indicated that the ovary was not a target organ 

for n-hexane toxicity, the lack of information on the uptake of n-hexane or 

its metabolites into the ovary is disturbing. Since the need for a specific 

study was not immediately justified, the ovaries from the pregnant animals in 

this study were preserved at necropsy for later morphological evaluation. An 

additional group of virgin females was exposed concurrently with sperm-posi- 

tive females to determine the effect of n-hexane exposure on the ovaries of 

non-pregnant rats. Results from this segment of the study are not reported 

here since the ovaries were sent to another laboratory (designated by the 

sponsor) for evaluation and follicle 'counts. 
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MATERIALS AND METHODS 

Four groups of Sprague-Dawley rats (Charles River, Raleigh, NC), each 

consisting of 30 randomly selected, sperm-positive females and 10 randomly 

selected virgin females, were exposed to 0 (filtered air), 200, 1000, or 5000 

ppm n-hexane vapor for 14 consecutive days for 20 h/day. Sperm-positive 

females were exposed on 6-19 days of gestation (dg). The day of a sperm-posi- 

tive vaginal smear was designated as 0 dg. Exposures commenced at 12 NOON On 

6 dg and continued for 20 hours until 8 A.M. on the following morning. The 

last day of exposure began at 12 NOON on 19 dg and ended at 8 A.M. on the morn- 

ing of 20 dg. Control animals (0 ppm) were housed in an exposure chamber in 

the same room, and were handled in the same manner as the rats that were ex- 

posed to the test chemical. Animals remained in the exposure chambers and 

were supplied with fresh air, food, and water during the daily 4-h period when 

n-hexane exposures were not in progress. (See Animal section for 

details.) The long daily exposure period for n-hexane was chosen in order to 

maximize exposures to n-hexane since the maximum vapor concentration in the 

chambers was not allowed to exceed 50% of the lower explosion limit, which is 

=ll,OOO ppm (NIOSH, 1981). 

m o s u r e  Bulk chemical purity analyses were performed on the single lot of n- 

hexane used for rat exposures. Analytical procedures employed infrared 

spectroscopy and gas chromatography for the initial identity and purity deter- 

minations. The purity of the n-hexane used during the exposures was 299.5% 

(Research Triangle Institute [RTI] lot no. H-201). 

On-line measurements of the n-hexane chamber concentrations were per- 

formed with an HP5840 gas chromatographic system (GC) equipped with a flame 

ionization detector. A computer-controlled, rotating 8-port valve allowed 

measurement of n-hexane concentrations in the control chamber, exposure room, 

distribution line, and the on-line standard in addition to levels in the expo- 

sure chambers. All ports were sampled at least once every 40 minutes. The GC 

was equipped with a 1/8" o.d., one-foot nickel column packed with 1% SP-1000 

on 60/80 mesh Carbopack B. The oven operating temperature was 120°C. An on- 

line standard, 994 ppm n-hexane in nitrogen (MG Industries Scientific Gases, 

11705 S. Alameda St., Los Angeles, CAI, was used to check instrument drift 
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throughout the exposure day. See Appendix A for more detail. The minimum 

detectable limit of n-hexane was estimated from the decay profile of the 5000 

ppm chamber and found to be 0.15 ppm. The calibration curve for this analysis 

showed good linearity over an extended range and was monitored at intervals by 

routine analysis of bubbler-samplers. 

Inhalation exposures were conducted in Battelle-designed chambers (Moss, 

Decker and Cannon, 1982; Brown and Moss, 1981) . The 2.3 m3 (1.7 m3 active 

mixing volume) stainless steel chambers contained three levels of caging, each 

of which was split into two offset tiers. Air containing a uniform mixture of 

the test article (HEPA and charcoal filtered before addition of the test 

article) flowed through the chamber at approximately 15 air changes per hour. 

The n-hexane exposures were conducted using an automated data acquisi- 

tion and control system which monitored and controlled the basic inhalation 

test system functions, including chamber air flow, .vacuum, temperature, rela- 

tive humidity, and test chemical concentration. Conditions which may have 

been a threat to the health of the animals, or constituted an explosion haz- 

ard, triggered alarms to personnel on call 24 h/day. All data acquisition and 

control originated from an executive computer which contained the exposure 

protocols $nd controlled a multiplexing interface system. 

Generation of the n-hexane vapor was achieved by metered pumping of the 

liquid chemical from a 5-gallon reservoir which was renewed daily. The test 

material was delivered through inert delivery tubes to a vaporizer located at 

the fresh air inlet of each animal exposure chamber. The vaporizer was com- 

prised of a stainless steel cylinder covered with a glass fiber wick from 

which the liquid was vaporized. The operating temperature of the vaporizer 

was maintained below 50°C (the boiling point of n-hexane is =70°C). All gen- 

eration equipment which came into contact with the n-hexane was stainless 

steel, ~eflon@, or Vitona. All equipment was contained in the vented, explo- 

sion-proof generator cabinet. Chamber air flows were maintained by a com- 

puter-controlled pump in the exhaust line of each chamber. The exposure suite 

data acquisition and control computer automatically controlled the concentra- 

tion of n-hexane in the chambers by adjusting the flow rate of dilution air 

through individual chambers. 

n-Hexane Rat Teratology Final Report 



The buildup and decay of n-hexane concentra t ions ,  with and without ani-  

mals i n  t h e  chambers, w e r e  checked during t h e  f i r s t  week of t h e  study,  

Figure 1. The t i m e  requi red  t o  reach 90% of t h e  t a r g e t  concentra t ion  (TgO)  

ranged from 11.0 - 11.5 min. The decay t i m e  ( t h e  t i m e  r equ i red  t o  reach 1 0 %  

of t h e  t a r g e t  concentra t ion  [Tlol) with animals present  ranged from 1 0 . 0  - 
1 1 . 0  min. Uniformity of vapor concentra t ion  i n  t h e  exposure chambers was 

measured p r i o r  t o  t h e  s t a r t  o f ,  and once dur ing t h e  s tudy.  Uniformity i n  a l l  

chamber was found acceptable  (e .9 .  f 1 0 % ) .  

Animal Upon r e c e i p t ,  a l l  animals were housed i n  a  quaran t ine  room 

f o r  20 days p r i o r  t o  t h e  s t a r t  of t h e  study.  Males and females w e r e  caged 

s e p a r a t e l y  on w i r e  racks equipped with automatic waterers  ( f i v e  animals p e r  

c a g e ) .  A t  t h e  end of t h e  quarant ine  per iod  f i v e  females and f i v e  males were 

k i l l e d  and examined f o r  i n t e r n a l  and e x t e r n a l  p a r a s i t e s  and b a c t e r i a l  

pathogens. Serum from each animal was t e s t e d  f o r  an t ibod ies  t o  s e l e c t e d  

pathogens, and h i s topa tho log ic  examinations of lung, l i v e r ,  kidney, ileum, 

colon, h e a r t  and Harderian gland w e r e  performed (Appendix D). Another check 

f o r  an t ibod ies  t o  s e l e c t e d  v i r a l  pathogens was performed on f i v e  females from 

t h e  c o n t r o l  group and f i v e  females from t h e  5000 ppm group on serum obta ined 

a t  t h e  f i n a l  s a c r i f i c e .  A l l  r e s u l t s  w e r e  negat ive .  A l l  animals w e r e  observed 

d a i l y  f o r  m o r t a l i t y ,  morbidity, and over t  s i g n s  of t o x i c i t y  throughout t h e  

s tudy.  

Food, p e l l e t e d  NIH-07 diet (Z ieg le r  Bros. Inc . ,  Gardner, P A ) ,  was pro- 

vided ad libitum dur ing t h e  e n t i r e  t i m e  t h e  animals w e r e  i n  house. Due t o  

t h e  long d a i l y  dura t ion  of t h e  exposures, 20 h, food was l e f t  i n  p lace  dur ing 

t h e  exposures and replaced d a i l y .  Water was provided ad libitum with auto-  

matic waterers .  Room l i g h t i n g  was maintained on a 12-hour on-off cyc le  (On 6 

A . M .  t o  6 P .Ma, and o f f  6 P . M .  t o  6 A . M .  . During t h e  quarant ine  pe r iod  animal 

room temperature was maintained a t  73f3OF and humidity was maintained 50f15%. 

During t h e  exposure per iod  a l l  chambers were maintained wi th in  t h e  

l i m i t s  of 75f3OF. Actual temperature means w e r e  between 74.2 and 76.8OFI a l l  

wi th in  t h e  s p e c i f i e d  limits. Mean r e l a t i v e  humidity i n  a l l  exposure chambers 

was between 52.5 and 57.7%; these  values w e r e  within t h e  s p e c i f i e d  l i m i t s  of 

55+15%. The average a i r  flow i n  a l l  chambers f o r  t h e  s tudy was between 14.3 

and 15.3 CFM (1 CFM = 1 a i r  change pe r  hour) ,  a l l  flows w e r e  wi th in  t h e  speci-  
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fied limits of 12 to 18 CFM. A complete summary of the daily chamber environ- 

mental data can be found in Appendix B. 

All female rats were weighed and individually 

identified during the week prior to mating. At this time forty (40) females 

were randomly chosen, by using body weight as a blocking variable, for assign- 

ment to the study as virgins. The remaining females were bred by caging one 

or two females overnight with one male. Copulation was established on the 

following morning by a microscopic examination of vaginal lavage fluid for 

sperm; if positive, this day was designated as 0 dg. At this time, the sperm- 

positive females were weighed and randomly assigned to exposure groups, again 

using body weight as the blocking variable. Mating was conducted for four 

successive nights to obtain the desired number of sperm-positive females. 

Three days prior to the start of the exposure, virgins and sperm-positive 

females were placed in a holding chamber for acclimatization. 

Sperm-positive females were weighed on 0, 6, 13, and 20 dg and virgins 

were weighed 14 days prior to the start of exposure, on exposure days 1 and 8, 

and at the time of sacrifice. The pregnant females were removed from the ex- 

posure chambers on the morning of 20 dg, weighed and euthanized with C02 after 

which their uteri were removed and weighed. Virgins were killed on the day 

after their last day of exposure. At the time of sacrifice, animals were 

examined grossly for signs of toxicity. 

Apparently nongravid uteri from positively mated females were stained 

with ammonium sulfide to detect possible implantation sites. The number, 

position and status of implants was recorded for each gravid uterus and pla- 

centas were examined and weighed. Live fetuses were weighed, examined for 

gross defects, and their sex was determined. All live fetuses were examined 

for visceral defects and their sex was confirmed at this time. Visceral exams 

were performed on fetuses euthanized with an injection of NembutalB (sodium 

pentobarbital). Skeletal examinations were performed on all fetuses except 

that approximately one-half of the fetuses in each litter were decapitated 

prior to staining. Consequently, only one-half of the heads were examined for 

skeletal abnormalities. Cartilage as well as ossified bone was visualized by 

double-staining fetal carcasses with alcian blue and alizarin red S. The 

removed heads were fixed in Bouin's solution and sectioned with a razor blade 
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f o r  examinat ion of s o f t - t i s s u e  c r a n i o- f a c i a l  abnorma l i t i e s  r a t h e r  t han  

s k e l e t a l  d e f e c t s .  

stat- 
. . 

A l l  means and s t anda rd  d e v i a t i o n s  f o r  animal d a t a  w e r e  

c a l c u l a t e d  wi th  SAS s t a t i s t i c a l  so f tware  on a  VAX 11/780 computer. Mean body 

weights  ( a s  a  mean of l i t t e r  means f o r  f e t a l  d a t a )  w e r e  ana lyzed  us ing  t h e  SAS 

General  L inear  Models (GLM) Procedure (SAS, 1985, pp 434- 506) wi th  an a n a l y s i s  

of v a r i a n c e  (ANOVA) model f o r  unbalanced d a t a .  Response v a r i a b l e s ,  e i t h e r  body 

weight o r  t h e  a r c s i n  t r ans fo rma t ions  of p r o p o r t i o n a l  i nc idence  d a t a ,  w e r e  

ana lyzed  a g a i n s t  t h e  c l a s s  variable;treatment,  i n  a  one-way ANOVA model. 

Duncan's mul t ip le- range  t es t  ( two- ta i led)  was used t o  a s s e s s  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  between c o n t r o l  and exposed groups.  The dose- response 

r e l a t i o n s h i p  was determined by use  of an or thogonal  t r e n d  test (Winer, 1971) .  

I n  t h e  c a s e  of p r o p o r t i o n a l  d a t a  t h i s  test was performed on t ransformed 

v a r i a b l e s .  The l i t t e r  was used a s  a  b a s i s  f o r  a n a l y s i s  of f e t a l  v a r i a b l e s .  

RESULTS 

Summaries of t h e  concen t r a t i on  d a t a  f o r  a l l  chambers a r e  shown i n  

Table  1. The d a i l y  mean concen t r a t i ons  f o r  a l l  chambers w e r e  w i th in  8% of t h e  

t a r g e t  c o n c e n t r a t i o n s .  More d e t a i l e d  summaries of concen t r a t i on  d a t a  a s  w e l l  

a s  summaries of environmental  d a t a  a r e  i nc luded  i n  Appendix B a long  wi th  

g raph ic  i l l u s t r a t i o n s  of t h e  d a i l y  mean and s t a n d a r d  d e v i a t i o n  f o r  each  

chamber. 

Although decomposition of n-hexane was no t  a n t i c i p a t e d  under t h e  s t o r a g e  

and gene ra t i on  c o n d i t i o n s  employed, test m a t e r i a l  s t a b i l i t y  f o r  a  r e s e r v o i r  

sample aged f i v e  days was confirmed. P u r i t y  ana lyses  w e r e  performed on 

samples c o l l e c t e d  from t h e  h igh  and low chambers be fo re  and du r ing  animal 

exposures .  The bulk  p u r i t y  of t h e  aged r e s e r v o i r  sample was 99.1% r e l a t i v e  t o  

r e f e r e n c e  m a t e r i a l  and t h e  impur i t y  p r o f i l e  e x h i b i t e d  no s i g n i f i c a n t  d i f f e r -  

ences  from t h o s e  i n  t h e  r e f e r e n c e  sample. No ev idence  of i m p u r i t i e s  o r  degra-  

d a t i o n  p roduc t s  were found i n  samples from t h e  exposure chambers. 

Each exposure group c o n s i s t e d  of 30 sperm- posi t ive female r a t s  and 1 0  

v i r g i n  female r a t s .  A l l  animals  w e r e  k i l l e d  fo l l owing  t h e  1 4 ~ ~  day of  expo 
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Table 1. N-Hexane Rat Teratology: Average Dally Exposure Chamber Concentrations I 

0 ppm n-Hexane 

Exposure Mean Std %RSD Min Max 
Day Dev 

1 O O O % O  0 
2 0 0 OYo 0 0 
3 O O O % O  0 
4 O O O % O  0 
5 O O O % O  0 
6 O O O % O  0 
7 O O O % O  0 
8 O O O % O  0 
9 O O O % O  0 

10 O O O % O  0 
11 O O O % O  0 
12 O O O % O  0 
13 O O O % O  0 
14 O O O % O  
15 o o o , o  a 
16 0 0 070 0 0 
17 O O O % O  0 

Summary O O O % O  0 

1000 ppm n-Hexane 

Exposure Mean Std %RSD Mln Max 
Day Dev 

1 1020 100 10% 814 1290 
2 1010 106 11% 880 1310 
3 1000 91 9% 868 1240 
4 993 53 5% 902 1090 
5 1020 85 8% 913 1320 
6 1000 49 5% 898 1170 
7 996 57 6% 916 1240 
8 988 51 5% 918 1170 
9 1010 53 5% 897 1150 

10 998 42 4Yo 898 1100 
11 1010 45 4% 906 1110 
12 999 52 570 878 1120 
13 976 91 9% 603 1130 
14 999 53 5% 873 1140 
15 925 198 21% 468 1470 
16 942 169 18% 27 1110 
17 1010 58 6% 818 1160 

Summary 994 89 9% 27 1470 

200 ppm n-Hexane 

Exposure Mean Std %RSD Min Max 
Day Dev 

1 191 36 19% 1 205 
2 202 5 2% 189 208 
3 201 18 9% 173 276 
4 203 11 5% 173 234 
5 196 3 2% 188 202 
6 204 4 2% 195 209 
7 199 3 2% 195 211 
8 197 2 1% 191 202 
9 205 3 2% 199 220 

10 198 6 3% 186 212 
11 204 7 3% 194 232 
12 203 4 2% 196 212 
13 201 5 2% 188 211 
14 201 3 1% 196 208 
15 198 40 20% 16 218 
16 194 35 18% 5 209 
17 200 6 3% 188 216 

Summary 200 16 8% 1 276 

5000 ppm n-Hexane 

Exposure Mean Std %RSD Min Max 
Day Dev 

1 5030 204 4% 4670 5490 
2 5040 270 5% 4170 5340 
3 5000 148 3% 4720 5260 
4 4960 176 4% 4670 5470 
5 4900 55 1% 4740 4990 
6 4980 144 3% 4600 5240 
7 5030 96 2% 4740 5270 
8 4980 100 2?/0 4770 5120 
9 4980 143 3% 4700 5230 

10 4900 119 2% 4750 5300 
11 5040 115 2% 4710 5280 
12 5060 82 2% 4870 5210 
13 5050 189 4% 4480 5260 
14 5140 73 1% 4970 5260 
15 4870 954 20% 735 5380 
16 4810 835 17Yo 17 5220 
17 4960 95 2% 4750 5130 

Summary 4990 312 6% 17 5490 
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s u r e ,  8 6 %  of t h e  sperm- posi t ive females  w e r e  found t o  be  pregnant  a t  t h e  t ime 

of s a c r i f i c e .  Exposure t o  n-hexane vapors  on 6-19 dg had no e f f e c t  on t h e  

number of imp lan t a t i ons ,  t h e  mean pe rcen t  of l i v e  pups p e r  l i t t e r ,  t h e  mean 

pe rcen t  of r e s o r p t i o n s  p e r  l i t te r ,  o r  on t h e  f e t a l  s e x  r a t i o ,  Tables  2  and 3. 

There w e r e  no ma te rna l  d e a t h s  and no c l i n i c a l  s i g n s  of t o x i c i t y  w e r e  noted;  

however, two pregnant  dams (5000 pprn group) ,  one non-pregnant female (200 pprn 

g roup) ,  and one v i r g i n  (5000 pprn group) w e r e  found t o  have u l c e r a t i o n  sites i n  

t h e  c a r d i a c  r eg ion  of t h e  stomach and no food i n  t h e  d i g e s t i v e  t r a c t  a t  t h e  

t i m e  of s a c r i f i c e .  

The mean body weight of v i r g i n  females  exposed t o  5000 pprn n-hexane 

vapor f o r  14 consecu t ive  days,  Table  4, was s i g n i f i c a n t l y  less than  t h e  mean 

weight f o r  v i r g i n  c o n t r o l  animals  by exposure day 8, and remained s o  a t  t h e  

t i m e  of s a c r i f i c e .  Mean body weights  of v i r g i n  females  i n  t h e  o t h e r  two expo- 

s u r e  l e v e l s ,  200 and 1000 ppm, were no t  a f f e c t e d  a t  any t i m e  du r ing  t h e  

exposure p e r i o d  o r  a t  t h e  t i m e  of s a c r i f i c e .  

Pregnant  females  exposed t o  5000 pprn n-hexane showed a  s i g n i f i c a n t  

dec rease  i n  mean body weight by 13  dg when compared t o  t h a t  of c o n t r o l  animals  

and an even g r e a t e r  r educ t ion  by 20 dg, Table  5 .  A dec rease  i n  body weight 

was observed by 13  dg f o r  bo th  t h e  200 and 1000 pprn wi th  a  f u r t h e r  r educ t ion  

by 20 dg; however, t h e s e  dec reases  were no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Mean 

cumulat ive weight g a i n s  f o r  pregnant  r a t s . e x p o s e d  t o  n-hexane vapors  and t h a t  

f o r  c o n t r o l  animals  a r e  shown g r a p h i c a l l y  i n  F igu re  2 .  There was an  exposure-  

r e l a t e d  dec rease  i n  t h e  cumulat ive bddy weight g a i n  of t h e  pregnant  females .  

This  r educ t ion  r e l a t i v e  t o  c o n t r o l  animals  was s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  

t h e  1000 pprn group a t  20 dg, and f o r  t h e  5000 pprn group a t  13 and 20 dg. 

The mean g r a v i d  u t e r i n e  weight a t  t h e  t i m e  of  s a c r i f i c e  was reduced f o r  

a l l  t r ea tmen t  groups a s  compared t o  c o n t r o l s ;  however, t h e  d i f f e r e n c e  was 

s i g n i f i c a n t  on ly  i n  t h e  5000 pprn group, Table 5. The e x t r a- g e s t a t i o n a l  weight 

g a i n  (EGWG; body weight a t  t h e  t i m e  of s a c r i f i c e  minus t h e  g r a v i d  u t e r i n e  

weight)  was a l s o  reduced f o r  a l l  t r ea tmen t  groups when compared t o  c o n t r o l s ,  

and aga in ,  t h e  d i f f e r e n c e  was on ly  s i g n i f i c a n t  f o r  t h e  5000 pprn group. The 

mean r a t i o  of u t e r i n e  weight t o  e x t r a- g e s t a t i o n a l  weight g a i n  f o r  t h e  5000 pprn 

group was s i g n i f i c a n t l y  g r e a t e r  t h a t  t h e  mean r a t i o  f o r  t h e  c o n t r o l  group, 

F igure  3 .  
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Table 2 .  N-Hexane Rat Teratology Study: Reproductive measures for female rats 
(mean f std) . 

(a) Does not include 1 0  virgin females per exposure group. 
(b) One pregnant animal dropped from study because of broken tooth; 

only 2 3  litters examined. 

. n-Hexane Chamber Concent ration ( p p m )  

I 0 I 200 I 1 0 0 0  I 5000  

NUMBER OF: 

Table 3 .  Average fetal and placental weights (g) for rat litters exposed 
to n-hexane vapors in utero (mean f std) . 

Sperm-positive Rats Exposed (a) 
Number pregnant rats 
Pregnant rats ( % )  

Litters with live fetuses 
Implantations/dam 
Live fetuses/litter 
Resorptions/litter 

Early 
Late 

Dead fetuses/litter 

(a) Significantly less than controls at p<0.05.  
(b) Significantly less than controls at p<0.01 .  

3 0  
2 7 

9 0 . 0  
2 7 

15.5 f 3 . 0  
1 4 . 5  f 3 . 3  

1 . 0  f 1 . 2  
0 . 8  f 1.1 
0 . 2  f 0.4  

0 

Litters Examined 
Fetuses examined 
Heads examined 

Sex Ratio (M/F) 

Fetal weight 
Placental weight 

Fetal weight : 
Male 
Female 

Placental weight 
Male 
Female 

n-Hexane Rat Teratology 

3 0  
2 4 

8 0 . 0  
2 3  ( b )  

1 5 . 8  f 2 . 3  
1 4 . 7  f 2 . 8  
1.1 f 0 . 8  
0 . 9  f 0 . 9  
0 . 2  f 0 . 4  

0 

3 0  
2 8 

9 3 . 3  
2 8 

1 5 . 4  f 2 . 7  
1 4 . 6  f 2 . 8  

0 .8  f 1 . 0  
0 . 6  f 0 . 9  
0 . 1  f 0 . 4  

0 

PERCENT OF: 

Final Report 

3 0  
2 4 

80 .0  
24 

1 5 . 3  f 2 . 4  
1 4 . 6  f 2 . 4  

0 . 7  f 1.1 
0 . 6  f 1 . 0  
0 . 1  f 0 . 4  

0 

Live fetuses/litter 
Resorptions/litter 

Early 
Late 

(ppm) 
5 0 0 0  

2 8 
408 
2 0 5  

0 .54  f 0 .14  

3 . 2 7 f 0 . 3 2 ( a ) 2 . 9 7 + 0 . 3 8 ( b )  
0 .38  f 0 . 0 5 ( b )  

0 . 4 1 ( b )  
2 . 8 6 f  0 . 3 6 ( b )  

0 . 0 5 ( b )  
0 .37  f 0 . 0 5 ( b )  

' n-Hexane Chamber Concentration 

9 2 . 6  f 6 . 0  
7 . 4  f 6 . 0  
6 .2  f 6 . 3  
1.1 f 2 . 5  

1000  
2 7 

392 
1 8 6  

0 .46  f 0.17 

0 . 4 1  f 0 .06  

3 . 3 3 f 0 . 3 3 ( b ) 3 . 0 5 *  
3 . 2 3 f  0 .32  

0 . 4 1 f 0 . 0 5 ( a ) 0 . 3 7 f  
0 . 41  f 0.07  

0 
23  

3 3  9 
1 7 0  

0.53 f 0.14 

3 . 4 8 f 0 . 3 7  
0.44 f 0 .05  

3 . 6 0 f 0 . 3 9  
3 . 3 3 f  0.37 

0 . 4 5 f 0 . 0 5  
0.43 f 0.05 

95 .6  + 6 . 5  
4.4 f 6 . 5  
3 . 9  f 6.2  
0 . 6  f 2 . 7  

2 00 
24 

350  
157  

0 .48  f 0.11  

3 . 5 4 f 0 . 3 6  
0.42 f 0.05 

3 . 6 6 f 0 . 3 9  
3 . 4 3 f  0 .37  

0 . 4 3 f 0 . 0 5  
0.42 f 0 .05  

92 .2  f 1 1 . 5  
7 . 8  f 11.5 
5 . 9  f 8 . 3  
1 . 9  f 5.3 

9 4 . 9  f 6 . 3  
5 . 2  f 6 . 3  
4 . 3  f 6 .2  
0 . 8  f 2 . 1  
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Table 5. N-Hexane Rat Teratology Study: Mean Body, Uterine, and Extra-gestational Weights (g f std) 
for Pregnant Dams. 

0 PPm 
200 ppm 
1000 ppm 
5000 ppm 

Exposure 
Concentration 

10 260.0f 17.3 272.3f 18.0 283.0f 22.1 287.6f 23.2 
10 261.4f 22.2 273.0f 24.5 288.3f 27.8 290.9f 29.0 
10 263.6f 26.3 269.1f 25.0 283.6f 28.7 282.4f 29.6 
10 263.5f 24.4 268.3f 23.0 256.2f 27.0 a 252.7f 33.7 a 

0 PPm 
200 pprn 
1000 pprn 

7 

Exposure Exposure Exposure Day of 
Day -14 Day 1 Day 8 Sacrifice 

N Mean f STD Mean f STD Mean fSTD Mean f STD 

a = Significantly different from control groups at p<0.05. 

Exposure 
Concentration 

15000 ppm 128 274.6f 19.7 297.4f 23.9 310.2f 33.1 a 366.9f 45.0 bl 69.5f 13.9 a,c 28.5f 17.5 a,cj 
a = Significantly different from control groups at p<0.05. 
b = Significantly different from control groups at p<0.01. 
c - Uterine weight for animal 690 missed, n - 27. 

Body Weights 

DG 0 DG 6 DG 13 DG 20 
N Mean fSTD Mean fSTD Mean f STD Mean fSTD 

Weights 
Extra-gestational 

Uterine Gain 
Mean fSTD Mean f STD 

1 



10 15 20 
Gestation Day 

- 
4- 0 P P M  

200 PPM 
* 

- 4 1000 PPM 

5000 PPM ** - 
- 
- 
- 

mean f std err 

I I I 

Significantly different from controls at p<0.05. 

**  Significantly different from controls at p<0.01. 

Figure 2. Cumulative weight gain for pregnant dams (dg 6 through dg 20) 
exposed to increasing concentrations of n-hexane during 
gestation. 

0 200 1000 5000 
n-Hexane Concentration (ppm) 

* Sig. different from control, p<0.01. 

Figure 3. The ratio of gravid uterine weight to maternal extra-gestational 
weight gain at 20 dg. 
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F e t a l  weights, means of l i t t e r  means, male and female combined, w e r e  

s i g n i f i c a n t l y  reduced f o r  t h e  two highes t  exposure groups, 1000 and 5000 ppm, 

when compared t o  cont ro ls ,  Table 5. When mean f e t a l  weights were examined on 

t h e  b a s i s  of sex, male weights were found t o  be s i g n i f i c a n t l y  reduced f o r  t h e  

1 0 0 0  and 5000 pprn exposure groups a s  compared t o  con t ro l s .  Mean female f e t a l  

weights were a l s o  reduced f o r  both t h e  1 0 0 0  and 5000 pprn groups when compared 

t o  cont ro ls ;  however, only t h e  5000 pprn group was s i g n i f i c a n t l y  d i f f e r e n t  from 

con t ro l s .  Although t h e r e  was a d i f fe rence  i n  t h e  s t a t i s t i c a l  s ign i f i cance  of 

t h e  t rea tment- re la ted  weight reduction between male and female f e tuses ,  t h e  

percent  reduction i n  mean f e t a l  weights f o r  male and female f e t u s e s  i n  t h e  

5000 pprn group was equivalent ,  =15%. 

An average of 373 f e t u s e s  per  exposure group were examined f o r  gross,  

v i s c e r a l  and s k e l e t a l  de fec t s ,  Table 6 .  No major malformations were found i n  

any of t h e  f e tuses .  Var ia t ions  observed included d i l a t e d  u r e t e r s ,  r ena l  

p e l v i c  cav i t a t ion ,  r i b  anomalies, and reduced o s s i f i c a t i o n s .  Reduced o s s i f i -  

ca t ions  i n  t h e  pe lv i s ,  t h e  s k u l l ,  and t h e  phalanges a r e  presented a s  bone 

group t o t a l s  i n  Table 6 although each bone i n  a group was evaluated individu-  

a l l y ,  i . e .  "pelvis"  represents  t h e  i l i u m ,  t h e  ischium, and t h e  pubis .  

There was an increase  i n  t h e  mean percent  incidence pe r  l i t t e r  of reduced 

o s s i f i c a t i o n  i n  s ternebrae  1 - 4 l ,  Table 7 .  The increase  was s t a t i s t i c a l l y  s ig-  

n i f i c a n t  f o r  t h e  5000 pprn group, and t h e  c o r r e l a t i o n  t o  exposure concentrat ion 

was h ighly  s i g n i f i c a n t  (p<0.001). 

DISCUSSION 

The only ind ica t ion  of developmental t o x i c i t y  following exposure of 

pregnant r a t s  t o  200, 1 0 0 0  o r  5000 pprn n-hexane vapors on days 6-19 of 

g e s t a t i o n  (consecutively)  f o r  20 h/day was a small  reduction i n  f e t a l  body 

weight r e l a t i v e  t o  con t ro l s .  This f e t a l  weight reduction was observed 

The incidence of reduced o s s i f i c a t i o n  i n  s ternebrae  5 and 6 a r e  not  reported 
here a s  they were o s s i f i e d  i n  only =5% of t h e  con t ro l  f e tuses .  These f indings  
a r e  cons i s t en t  with our h i s t o r i c a l  da ta .  
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Table 6. N-Hexane Rat Teratology Study: Variat ions Observed i n  Live Fetuses. 

A s ing le  f e t u s  may be represented more than once i n  t h i s  t ab le .  

a )  A l l  f e tuses  examined f o r  external ,  v i s c e r a l  and s k e l e t a l  de fec t s .  A l l  f e t u s e s  
s t a ined  with Alcian Blue and Al izar in  Red S, one-half had heads removed 
p r i o r  t o  s t a in ing .  

Litters 
0 200 1000 5000 

23 24 27 28 
2 3 2 4 27 2 8 
2 3 2 4 27 2 8 

9 13 11 7 
(39.1) (54.2) (40.7) (25.0) 

4 0 2 2 
(17.4) (0.0) (7.4) (7.1) 

3 4 2 6 
(13.0) (16.7) (7.4) (21.4) 

0 0 1 0 

(0.0) (0.0) (3.7) (0.0) 

n-Hexane (ppm) 

Total  f e tuses  examined (a)  
Heads examined (b) 
Skul ls  examined (c)  

Dilated u r e t e r s  NO. 

(%)  

Renal pe lv ic  NO. 
cav i t a t ion  (%)  

Supernumary r i b s  NO. 
( 0 )  

Bent o r  knobby r i b s  NO. 

(%)  

b)  Heads removed from fe tuses  and f ixed  i n  Bouin's solut ion then examined 
f o r  s o f t- t i s s u e  c ran io fac ia l  malformations. 

Fetusen * 
0 200 1000 5000 

339 350 392 408 
170 157 186 205 
169 193 206 203 

25 2 4 2 0 12 
(7.4) (6.9) (5.1) (2.9) 

8 0 3 2 
(2.4) (0.0) (0.8) (0.5) 

4 6 12 15 d 
(1.2) (1.7) (3.1) (3.7) 

0 0 1 0 

(0.0) (0.0) (0.3) (0.0) 

c )  Heads remained on t h e  fe tuses  t h a t  were s ta ined f o r  s k e l e t a l  examination; 
see  a )  above. 

Reduced Ossi f ica t ion:  

d)  The ischiurn, t h e  i l ium and t h e  pubis were evaluated individual ly  and then grouped. 
Approximately 90% of reduced pelvic  o s s i f i c a t i o n s  were i n  t h e  pe lv ic  bone. 

Sternebrae 1- 4 NO. 
(%)  

Vertebral  centra  NO. 

(%)  

Pelv i s  (d) NO. 

% )  

Phalanges NO. 
(%) 

Skul l  (e)  NO. 
( % )  

e )  The i n t e r p a r i e t a l ,  p a r i e t a l ,  supraoccipi ta l ,  f r o n t a l  and nasa l  bones were evaluated 
ind iv idua l ly  and then grouped. Approximately 80% of t h e  reduced s k u l l  
o s s i f i c a t i o n s  were i n  t h e  i n t e r p a r i e t a l  o r  p a r i e t a l  bones. 
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42 5 4 103 157 
(12.4) (15.4) (26.3) (38.5) 

28 16 19 3 6 
(8.3) (4.6) (4.8) (8.8) 

11 7 2 1 2 1 
(3.2) (2.0) (5.4) (5.1) 

4 2 1 7 
(1.2) (0.6) (0.3) (1.7) 

10 6 11 12 
(5.9) (3.1) (5.3) (5.9) 
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15 17 22 2 6 
(65.2) (70.8) (81.5) (92.9) 

12 8 11 14 
(52.2) (33.3) (40.7) (50.0) 

4 6 9 7 
(17.4) (25.0) (33.3) (25.0) 

3 2 1 3 
(13.0) (8.3) (3.7) (10.7) 

4 6 6 6 
(17.4) (25.0) (22.2) (21.4) 



Table 7. N-Hexane Rat Teratology Study: Observed v a r i a t i o n s  - 
Mean percent  p e r  l i t ter .  

n-Hexane Concentrat  ion (ppm) 

n-Hexane Concentrat ion 0 200 1000 5000 

Number of l i t te rs  ( a )  23 2 4 2 7 28 

% f STD % f STD % f STD % f STD 
Di l a t ed  u r e t e r  (s)  8.0 + 14.5 6.8 f 8.5 4.8 f 7.0 3.0 f 5 . 7  

Renal p e l v i c  c a v i t a t i o n  2-5 f 6.0 0.0 f 0.0 0.6 f 2.4 0.4 f 1.6 

Supernumary r i b s  1.2 f 3.3 2.0 f 5.5 3.3 f 13.4 3.6 f 9.7 

Bent o r  knobby r i b s  0.0 f 0.0 0.0 f 0.0 0.4 f 2.1 0.0 f 0.0 

Reduced Ossification: 
Sternebrae  1-4 (b)  13.8 f 21.6 16.3 f 16.5 29.0 f 28.6 38.7 f 23.7 c 

Ver t eb ra l  c e n t r a  8.8 f 16.4 5.8 f 13.6 6.7 f 12.4 8.5 f 12.8 

P e l v i s  4.4 f 16.3 2.2 f 4.3 5.5 f 10.9 5.4 C 14.7 

Phalanges 1.5 f 4.8 0.6 f 2.0 0.4 f 2.1 2.3 f 8.4 

Skull 3.5 f 10.4 1.8 f 3.4 3.0 f 6.4 3.0 f 8.4 

a )  A s i n g l e  f e t u s  may be r ep re sen ted  more t han  once i n  t h i s  t a b l e .  
b) The i n c r e a s e  i n  t h e  mean percent  of t h e  l i t t e r  a f f e c t e d  i s  d i r e c t l y  

c o r r e l a t e d  wi th  exposure concent ra t ion  (p<0.01) .  
c )  S i g n i f i c a n t l y  g r e a t e r  t han  c o n t r o l  group (p<0.05). 
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for both sexes at the 1000 and 5000 pprn exposure levels (7% and 15%, respec- 

tively). There was no exposure-related increase in either the percent of 

resorbed fetuses or in the incidence of fetal malformations. The increased 

incidence of reduced ossification in sternebrae 1-4 and the reduction in fetal 

weight at the 5000 pprn level may have been inter-related and maifestations of 

a slight growth retardation. 

The small amount of developmental toxicity to the conceptus was in con- 

trast to the significant level of maternal toxicity observed following n-hex- 

ane exposures. A reduction in maternal extra-gestational weight gain was 

observed at all exposure levels although the reduction did not become statis- 

tically significant until the 5000 pprn level. Extra-gestational weight gain 

relative to control animals was reduced by 20, 23, and 45% for the 200, 1000, 

and 5000 pprn exposure groups, respectively. 

The exposure-related decrease in fetal weight and the increase in the 

incidence of reduced ossification in sternebrae 1-4 in the offspring noted in 

this study have also been noted previously. Similar findings were reported by 

Bus et al. (1979) who exposed a relatively small number (<lo) of Fisher 344 

rats to 1000 pprn n-hexane vapor on 8-16 dg. Although they did not observe a 

statistically significant reduction in fetal body weight, they reported that 

~ 2 5 %  of the fetuses in the exposed groups had reduced ossification of the 4th 

sternebra as compared to 0% in the control group, thus indicating some effect . 

of treatment on the offspring. It was not possible to assess the level of 

maternal toxicity achieved in their study since no maternal data were 

reported. Bus et al. (1979) also pointed out that the lack of fetotoxicity or 

teratogenicity following gestational exposure to n-hexane vapors was not due 

to the inability of n-hexane or its major metabolites, methylbutylketone and 

2,5-hexanedione, to reach the conceptus since the levels of parent compound 

and metabolites in the fetus closely approximated levels found in maternal 

blood. 

Pregnancy did not appear to be a significant factor in n-hexane toxicity 

to adult females since virgin females, concurrently exposed to the same con- 

centrations, demonstrated a similar reduction in weight gain. Like the preg- 

nant females, virgins exposed to 5000 pprn n-hexane showed a significant reduc- 

tion in body weight by the ath day of exposure as compared to controls (The 
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8th day of exposure for virgins was equivalent to 13 dg in the pregnant 

group) . 

In summary, exposure to 200, 1000 or 5000 ppm n-hexane during gestation 

did not result in an increase in either the incidence of intrauterine death or 

in the incidence of fetal malformations. However, some fetal growth retarda- 

tion as evidenced by an exposure-related reduction in mean fetal body weights 

and an exposure-related increase in the incidence of reduced ossification of 

sternebrae 1-4 in the fetuses was observed. An exposure-related reduction in 

maternal weight gain with respect to controls was also observed with the re- 

duction becoming significant at the 5000 ppm level. The lowest n-hexane expo- 

sure concentration, 200 ppm, proved to be a no observable effect level for 

developmental toxicity. 
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ANALYTICAL CHEMISTRY NARRATIVE AND DATA FOR n-HEXANE 

1. Test Material Receipt and Usage 

n-Hexane, manufactured by Phillips Chemical Company, was received 
from Research Triangle Institute (RTI), P.O. Box 12194, Research 
Triangle Park, NC 27709-9981. The test material for this study (RTI 
Lot#H-201) was received in two shipments. The first shipment arrived 
4/2/86 and consisted of two 55-gallon drums containing 108 gallons of 
n-hexane (Identified as BNW Lot 51436-5). The second shipment arrived 
4/17/86 and consisted of two 55-gallon drums containing 102 gallons of 
n-hexane (Identified as BNW Lot 51436-6). 

The bulk chemical was stored in its original shipping container at 
-65OF in a flammable storage cabinet and maintained under a blanket 
of nitrogen. All transfers from the 55-gallon drum to the reservoir 
took place under a blanket of nitrogen to avoid the introduction of 
air into the bulk chemical. Approximately 11.5 kg of test material 
were required for each exposure day. The usage of n-hexane for the 
rat teratology study is summarized in Table 1. 

Table 1. Rat Teratology Study with n-Hexane - Chemical Usage 

U P  P e r u  Test Material Used 

5/13/86 - 5/21/86 H-201 51436-5 (Drum 2) 104.1 kg 
5/22/86 - 5/30/86 H-201 51436-6 (Drum 1) 104.8 kg 

2. Bulk Chemical Analysis 

Bulk chemical analysis was performed using infrared spectroscopy 
and gas chromatography (GC) for identity and purity determinations. 
The gas chromatographic system used for purity analysis employed a 4 
mm od x 6 ft glass column packed with 0.1% SP-1000 on 80/100 Carbopak 
B. Since RTI provided no reference material, portions of a previous 
shipment (BNW 50846-39-1) were placed in septum vials, identified as 
BNW 50846-145, stored in the freezer, then used as reference material 
BNW Lot 51436-5 was analyzed for bulk purity and found to be 99.5% 
pure relative to the frozen reference material. 

3. Vapor Concentration Monitoring 

A Hewlett-Packard 5840 gas chromatographic system (employing a 
1/8" od x 1.0 foot nickel column packed with 1% SP-1000 on 60/80 mesh 
Carbopack B; oven temperature was 120°C) was used to monitor animal 
exposures. This instrument was equipped with an 8-port stream select 
valve and measured n-hexane in the three exposed chambers, the control 
chamber, the distribution line, the exposure room, and the on-line 
standard. 

a. Calibration of the On-Line Chamber Monitor 

The calibration of the on-line chamber monitor was based on 
analysis of bubbler grab samples. Thus, the calibration of the on- 
line monitor was tied to ~ravimetrically prepared standard solutions 
in dodecane through a second directly calibrated GC which was off- 
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line. The analysis depended upon quantitative preparation of 
gravimetric standards and careful grab sampling. The gravimetrically 
calibrated GC was used to measure the quantity of n-hexane collected 
from exposure chambers in dodecane filled bubblers. The relationship 
between the peak area observed with the on-line GC and the 
concentration of n-hexane in the chamber was then defined using 
chamber concentrations determined by the gravimetrically calibrated 
GC . 

The analysis of bubbler grab samples was performed using a HP 5830 
or HP 5840 GC with a 2 or 4 mm od x 1.8 m glass column packed with 3% 
OV-17 on 100/120 mesh Supelcoport. The temperature program was 40°C 
for 3 minutes to 150°C for 10 minutes at the rate of 15OC/rninute. A 
set of three standards was run for each analysis session. The 
concentration range of the standards bracketed the concentration range 
of interest. 

The calibration procedure required quantitatively prepared 
gravimetric standards and carefully collected grab samples of a 
measured volume. The collection efficiency of a single bubbler was 
less than loo%, some hexane broke through the primary bubbler. 
Breakthrough was typically 4-6%. Breakthrough was measured each time 
bubblers were collected by acquiring back-up bubblers for the high 
concentration chamber. The calculation for chamber concentration by 
the grab sampling method included a breakthrough correction. 

b. Detection of Monitor Drift Using an On-Line Standard 

An on-line standard was used to check instrument drift throughout 
the exposure day. The on-line standard was 994 ppm n-hexane in 
nitrogen (MG Industries Scientific Gases, 11705 South Alameda St., Los 
Angeles, CA) . The standard was checked before the start of any given 
exposure day, then monitored every 8th sample throughout the exposure 
period. The measured concentration for the standard had to be within 
f10% of the assigned target value before any exposure could begin 
without consultation with the Exposure Control Task Leader. During 
the course of the exposure, if the on-line standard was within 5% of 
the target value, no change in calibration was required. If the on- 
line standard was between 5% and 10% of its assigned target, the 
calibration could be updated immediately by an Exposure or Chemistry 
Specialist. Such a correction was based upon the on-line standard. 
If the cumulative drift exceeded 15%, then the calibration was checked 
by quantitative analysis of grab samples. 

c. Demonstration of Sensitivity and Specificity 

The sensitivity of the GC was estimated from the decay profile for the 
highest concentration chamber. The minimum detestable limit (MDL) was 
estimated as 0.02 ppm. A measure of chromatographic specificity was 
defined by determination of the analytes partition coefficient. The 
retention time of methane, assumed to be non-retained was 0.19 min.; 
the retention time for n-hexane was 1.49 minutes. Thus, the partition 
ratio was about 6.8. 

d. Precision, Linearity and Absolute Recovery Evaluation 
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Precision for the on-line GC was estimated from 5 measurements 
made on the 994 pprn on-line standard; a 0.4% coefficient of variation 
(CV) was observed (all values fell within fl pprn of the mean). 
Linearity of the on-line GC was assured by calibrating the on-line GC 
against a gravimetrically calibrated GC (also see comments in the 
"Calibration of the On-Line Chamber Monitor" section). This was 
accomplished by analyzing a series of bubbler grab samples acquired 
during exposure generation and then implementing the appropriate on- 
line GC calibration curve in the data acquisition and control system. 

Achievement of linearity for the on-line monitor was therefore 
dependent upon defining a linear method for analysis of bubbler 
samples. The calibration curve for this analysis showed good 
linearity over an extended range. Routine analysis of bubblers was 
performed using midrange, high and low level standards in order to 
assure linearity. 

4. n-Hexane Degradation Studies 

a. n-Hexane Stability in the Reservoir 

Under the storage and generation conditions employed, 
decomposition of n-hexane was not anticipated. ?restart tests to 
confirm test material stability included analysis of an aged reservoir 
sample. n-Hexane (BNW Lot 50846-39) was placed in the reservoir for 
generation of chamber atmospheres. At the end of 5 days, an aliquot 
of the test material was removed from the reservoir. Infrared 
spectroscopy and gas chromatography were used for identity and purity 
determinations. The bulk purity of the aged reservoir sample was 
99.1% relative to the reference material. 

b. n-Hexane Degradation in Exposure Chambers 

Studies of the degradation of n-hexane in the exposure chambers (with 
animals) were conducted on 5/21/86. n-Hexane, BNW Lot 51436-5, was 
the source of the test material. During exposure, samples of chamber 
atmospheres from the 5000 pprn and the 200 pprn chambers were taken by 
pulling a measured volume of gas through standard gas-sampling 
charcoal tubes. The sample size was adjusted to provide adequate 
sensitivity to detect impurities. Duplicate charcoal samples were 
taken at 10.6 and 1.0 liter collection volumes for the 5000 pprn and 
200 pprn chambers. Occupied chambers were sampled on 5/21/86 and 
samples were analyzed on 6/11/86. The charcoal tubes were desorbed 
using carbon disulfide. The GC conditions are summarized on the 
attached sample chromatograms. 

Breakthrough was measured for each sample level and volume. Less than 
1% breakthrough of total sample was observed for the 1.0 and 10.6 
liter samples from the 203 pprn chamber. Breakthrough was found to be 
approximately 3% for the 1.0 liter sample and 35% for the 10.6 liter 
sample from the 5000 pprn chamber. These determinations were made by 
analysis of the secondary charcoal bed within the tubes. A peak 
observed at 3.5 minutes in the carbon disulfide blank was obscured by 
the n-hexane. Analysis 0.: these samples showed no evidence of 
impurities or degradatior. products. 
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Gas Chromatography Degradation Analysis of n-Hexane 

Chamber Atmosphere with Charcoal Tube Sampl e Coll ection 

(occupied chambers ) 
GC Parameters Column: 2 n  x 1.8m I D  glass; packed 
? E l m 1  4 8 8  3 8 8  2 8 1  
T I R E 1  15.88 
I N J  TERP 4 9 8  9U8 2 0 0  
F I D  TEMP 4 8 8  2 5 6  2 5 8  

with Porapack OS 100/120 

cnr SPD 0 .51  
= I D 0  18.0 '. 
J n n  ZT 8 
F!? SGNL -0 ' 
SLm SENS 6 .11  
AVER PEJ 1- 
FL9U 0.8 3 8 . 7  
F L O U B  8 .1  3.8 

DELETE CNRMCE RUM O 
CnLMCE RUM 0 O 
o p t r  a 3 a 
-INJ/BTL.STPO*E: I 2 a 
cnnwCE RUN 2 ST3C 200 ppm Front(next to glass wool) 
STPET% d;.@. 

A ,.b?S cs7 1 minute sample 

MC RUN I J U N N l l N e 6  TIME 1 7 t 2 1 t 8 1  
ID: 1 8 7 8 6  BOTTLE 1 
AREA 5 

DIL FACTOR: 1.8688 €0 1 

s r a u t q  kw 200 p~ Back(between foam plugs) 

,7 ,.b* C S ~  1 minute sample 

W. RUM 2 JUNNI 1 / 8 6  
IS :  1 6 7 8 6  BOTTLE 3 
RRER % 

UT RRER RVER 2: 

T I M E  17 :37 :34  
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STitP* 4 #I* 5000 op Front(next to glass wool) 
3 i..%*CS 10 minute samnle 

I . - 

W P  OYN 13 J I ~ N . ' ~  1 .a6 TIVE 2 0 : 3 d S 4 9  
ID :  1 8 7 8 6  BOTTLE 15 
AREH % 

*PER . ARER ': PT 

. . 
1.30 3 8 4 r a e  1.112 
2.92 zq93egee us. re* 

START? O Z e  5000 ppm ~ack(between foam plugs) 

A 1 , s  CS, 10 minute sample 

YP R!JW 14 
I D :  :BzB6 
*RER ,. 

JfJNll l/g6 TIWE 1 0 : T 7 :  [ ?  
BOTTLE 17 

to glass wool ) 

UP RUN 18 JUH/ I I /86 T I R E  r2tee: 5 2  
I D :  1 8 7 8 6  BOTTLE 35 
RRER % 

R T RRER l P E A  ): 
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BULK CHEMICAL REANALYSIS 

COMPOUND.. w- -. - 

LOT# . - 
APPEARANCE: . 
RECEIPT DATE: 
ANALYSIS PERIOD: 
SrORAGE TEMPERATURE: 
SAMPLE SUBh4rXTALDA-E 
S A M P E  ANALYSIS DATE: 
ANALYSIS PROCEDURE: 
NOTEBOOK REFERENCE: 

n-HEXANE 
-54-3 

-- 

Phillips lot# H-116 (BljW#5084&39 both 1-20) 
Qcar liquid 
2/12/86 
Initial 
Room Temperame 
2/27/86 
316,7186 
Method provided by MRX, dated December 17,1984 
BNW 5143610 

IDENTlTY: Infrartd spectroscopy using a Nicolet FT-IR 60 SX with 4mm NaCl windows 
and 0. lmm spacers. 

ASSAY: Gas chromatography using a a 6ft x 4mm glass column packed with 0.1% SP-1000 on 
80l100 Carbopak C. 

Results: 

Rat& 
3186 

Bulk 
RRF 0.5606 RSD + 0.23% 

Retention Timc of n-Hexane -2.6 minutes. 
Retention Timc of Internal Standard - 7.4 minutes. 
A minor impwiry peak was &ttctd at - 1.8 minutes 

Test mataial sample was talocn from bode 1. 

CONCr .USTONS: ?be basis of the analysis is quantiration of the major component of the bulk chemical 
by GC major peak comparison to a frozen rcfmnce material. No rcfemce rnatrrial 
waspvidcd. 5 x 10 ml porrions of n-hexane wen placed in glass septum vials, 
staled with tcflon lined septa and stortd frozen for use as xcfmnce mavrials in 
f u m  analyses. Infrared specua was obtained betwan 4000cm-1 and e r n - 1 .  The 
spccua was similar to that provided by MRI. 

Signature of Techrucian: Date: ,?. '4-Q 

Signam of Chemist: Date,- 7 ' 2  3!c 
\ 
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3- r - s ~  & ~ ~ - ~ ~ ~ & ~ -  yAL b ~ k u 4 . d  
&-: 

?~o(-ES-r150L.0 % TRRNSMITTRNCE 
. har\hLs. (Y= 

g w ~ \ r 3 b  - \ \  b L x y  . 
? -  Lb 

' aoqE-C 85-\199 
1% 36 54 72 98'" lfm"--lZS 

4 I 

a- I I I I I 1 

0 
0 

3/4/86 KHS I d e n t i t y  confirmation o f  n-hexane by IR. 
0 Instrument: Ni c o l e t  FT-IR60SX NaCl Window 
cn- NIEHS Cont rac t  #N01-ES-45060 
N Pg.  BNW51436-11 
,* Method suppl ied  by MRI, Dec. 17, 1985 

MRI P r o j e c t  #7098-C 
W MRI t a sk  desi  gnat i  on BS-1299 
w 
cF 
0 

N 
CF- 
CD 
0 
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BUIJS~;<L -39 - 1  
=.c. * o s t 3 0 *  w t o - C %  

' P T A  - 7 ~ .  --+ y o t - ~ ~ - - ~ . r a  

i ; -GI-. ae,v-c 
- 1  - 1 -a : ~0 I mL= u LL.--"II;+(- B T - \ - . y  
T:-EA ta. t L. o., 14 t$ 
2m-E -=-.= 4 .  Pa 

15s 
.:-E2 . -. * - 
i * J  ;Em- zaa ze= 
F I D  7 T W  258 
ovEn nnx 4ga 

CHT SPD 8 - 5 0  
PTTM 27 t a  

a r *  --- C-an- -- --. -- . . -. a . 3 ~  

-+ ; 
r 
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BULK CHEMICAL REANALYSIS 

COMPOUND: n-HEXANE 
CAS# 1 10-54-3 
LOT# Phillips lot# H-201 (BNW 51436-5-1) 
APPEARANCE: Clear liquid 
RECEIR DATE: 412186 
ANALYSIS PERIOD: Initial 
STORAGE TEMPERATURE: Room Ternperamre 
SAMPLE SUBMITTAL DATE: 4/3/86 
SAMPLE ANALYSIS DATE: 4/3,4/86 & 5/5/86 
ANALYSIS PROCEDURE.. 0B-AC-3A15-00 
NOTEBOOK REFERENCE: BNW 5 1436-33 & BNW 5 1436-45 

ID-: Mami spccmscopy using a Nicolet m-IR 60SX with 4mm NaCl windows 
and 0. lmm spacer. (Figures 1 and 21 

RESULTS: The spectra was similar to that found in previous BNW analysis. 

ASSAY: Gas chromatography using a 6ft x 4mm glass column packed with 0.1% SP-1000 on 
80l100 Carbopak C. 

Instrumcnt HP 5840A 

RESULTS: k b t i v d  5% Pu& (Figures 3 and 4b) 

Retention time of n-Hexane -2.8 minutes. 
Retention time of internal standard -8.0 minutes. 

ASSAY: Gas chromatography using a 6 ft x 2mm glass column packed with 0.1 % SP- 1000 on 
801100 Carbopack C. 

Instrument: HP5840A 

RESULTS: 

Reference Test 
Material Material 
0.113 0.182 

At a retention time of -13.3 minutes a major peak of 99.84% m a  was observed for the 
reference material (Figure 5) and 99.75% area for the test matcrial (Figure 6). The 
reference matnial showed 5 impurity peaks and the test material showed 3 impurity 
peaks all over 0.001%. 
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CONCLUSION: Gas chromatography shows this tcst material to be 995% pure by area ratio of an . - 
internal standard The impurity prof* showed three impurities greater than 0.001 9% 
for the tcst material. An infrared specnum was obtained bctwan 4000 cm- 1 and 
600 an- 1. The spectrum was similar to pvious BNW analysis. 

Signature of Technician: Ya\- A h .  Date: 5\, \ 5 \ %L - 

Signature of Chemist: - 7 - Date! d/g& 
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Ef CAPE 
TEMP1 488 158 150 
TIRE1 15.88 UC'. ~ P 5 8 ' l O  R W @  lO?Ob 
INJ TERP 48B 280 208 
F I D  TERP 400 258 250 L: qmm. ~ t )  
~ H T  SPD B.50 B%oo 
LERO 18.8 BVUWSOW~-IL(G 
HTTN 2t 14 
FID SGNL *B 
SLP SENS 8.18 3 . B N W S l 4 3 b  '33 
AREA REJ . L  
FLOU A 8.B 71.5 
FLOY B 8.0 3.7 

DELETE CHANGE RUN 3 
CHANGE RUN 8 4 
OPTN Ir 3 2 
INJ/BTL,STROKE: 1 2 1 

CHHHGE RUN 2 1 STOP 

DIL FACTOR: 1.8000 E+ 
d~w50sY6  - / Y 5  - I 

START 0.47 

2 .81  

HP RUN Ir 
ID: 10786 
ARER % 

2 APR433/86 TIME 17: 29: 01 
BOTTLE 3 

HREA 

2 
152588 

12 1 JB8BBB 
29208 

2692 
568 

4439 
47088 - - 

o s88 
3156 
138-1 

48 16890 
8268880 

a90 
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HP RUN # 
ID:  16786 
AREA % 

AREA 

157580 
121588800 

30090 
2670 
855 

4978 
47370 

498 
1750 
4993 

487 
8348BB0 

APR/03/96 
BOTTLE 37 

AREA 2 

TrnE 22: is: 15 

PTL FACTOP: 1.80e8 E+ 8 

7 AL B ~ w l / 4 3 6 - 5 - /  

HP PClN * 14  
I D :  18706 
HREA :: 

APY,'83/86 
BOTTLE 27 

TIME 20:51:25 

D I L  FHCTOR: 1.0888 E+ 0 
A-14 
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HP RUN # 34 flRY/85/86 T I U E  l 0 : 4 5 : 0 8  
ESCAPE 
ESCFIPE 5 - 5 - P L  U L  

TERPl 4 0 0  gg  = 5 
T I  ME 1 S. 8 0  
RAT E 10 .80  
TERP2 4 8 8  225 
T I  RE2 5 . 0 8  

2 .  H?58r40~ L,* r o%Qb 
INJ TERP 4 8 8  2.. 19. h - 7 :  a,,,, r I .  8m 10 
F I D  TEMP 4 0 8  2 5 0  2 5 0  

CUT SPD 8 . 5 0  
%dLLbo ck ~/o.r7. SP- ICCO 

ZERO 10 .0  B W S I L ( ~ ~ ; ~ Q -  I 
kTTN Zt 18 
F I D  SCNL +B 
SLP SENS 0 -  10 ~ ~ L ~ S C W ~  -19s-  / 
pf6BR6' 0 . 8  31.6 
FLOW B 0 . 0  3-'7 

fEnPi 4 8 8  5 0  4 9  3 ahiw s r q 3 ~  - ~ 5  

HP RUN * 36 
I D :  10706 
AREA 'C 

AREA APEA 2 

O.d80 
a. BB0 
e . a m  
8 . 0 0 9  
e . 0 0 e  
0.113  
e.  aes 
2 .  an0  
0 . 9 4 3  
B. a 8 3  
d . 0 8 0  

99.336 
d .  8 8 1  
8 . 0 8 8  
8. a 8 0  
0.  t388 
8 .803  

A-15 
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HP RUN * 38 
I D:-18786* 
AREFI % 

RT AREA AREA Z 

TIME 13:29:58 



n-Hexane Rat Teratology Study 
Appendix A - Chemistry 

BULK CHEMICAL REANALYSIS 

COMPOUND: 
CAS# 
LOT# 

AF'PEALWCE: 
RECEIPT DATE: 
ANALYSIS PERIOD: 
STORAGE TEMPERA= 
SAMPLE SUBMI7TAL D A E  
SAMPLE ANALYSIS DATE: 
ANALYSIS PROCEDURE: 
NOTEBOOK REFERENCE: 

n-HEXANE 
1 10-54-3 
Phillips lot# H-116 (BNW 50846-39, sample removed 
from rtscrvoir 3/29/86 - last day of study) 
Clear liquid 
2/12/86 
Last usage day 
Room Tempmtm 
3/29/86 
4/3,4/86 & 5/5/86 
(dB-AC3A 15-00 
BNW 51436-33 & BNW 5 1436-45 

IDENTlTY: Infrared sptctroscopy using a Nicolet FT-IR 6OSX with 4mm NaCl windows 
and 0.1 mm spacer. 

RESULTS: The sptcua was similar to that found in previous BNW analysis. 

ASSAY: Gas chromatography using a 1.8m x 4mm glass column packed with 0.1% SF-1000 on 
80/100 Carbopak C. 

RESULTS: m v e  70 

Retention time of n-Hexane -2.8 minutes. 
Retention time of internal standard -8.0 minutes. 

ASSAY: Gas chromatography using a 1.8m x 2mm glass column packed with 0.1% SP-1000 on 
801100 Carbopack C. 

Instrument HP5840A 

RESULTS: 

Reference Test 
Matnial Material 
0.113 0.1 12 
0.043 0.044 
0.003 0.003 
0.001 
0.003 0.005 

A major peak of 99.84% a m  was obswed at a retention time of -13.3 minutes for both 
the reference and test material. The reference material showed 5 impurity peaks and the 
test mamid showed 4 impurity peaks all 2 0.001%. 
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CONCLUSION: Gas chromatography shows this test material to be 99.1% pure by area ratio of an 
internal standard The impurity profile showed four impurities greater than 0.001% 
for the test material. An infrand spatrum was obtained between 4000 cm-1 and 
600 cm-1. The spectrum was similar to previous BNW analysis. 

Signature of Technician: Date: SIR/- 

Signature of Chemisc Date: 
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STOP 

HP RIJN # 3 4  
ESCHPE 
ESCAPE 

MHY/05 /86  T I N E  1 0 :  4 7 :  BS 

5 - 5 - 9 6  u' 

4 0 0  5 8  5r 

- ' ? E l  5 . 0 0  
RHTE 1 0 . 8 0  Tk.L&tk D A - ~ ~ C - ~ R I S  sap' 
TEMP2 4 0 E  225 
T I M E 2  >. 0 0  

a.t. H ? 5 8 q o ~  LS+ (OWL 
I ~ J  TEMP 4 0 0  2 8 0  1 9 0  ' 

FID TEMP s u e  2 5 0  2 5 0  

CUT SPD 0 . 5 0  
ZERO 1 8 . 0  
f i T T N - s t  1 0  
F I  3 :uNL 
F L r  I E H S  f B 1 0  &L'SC w b  - 19s - 1 
Pf5d qJ :.a z i . 6  
FLOLl B ;.a z. t 
TEMPl 4 0 0  5 0  4?  
TEMP1 Jog 7 0  4? p abw I Y ~ L  -y5 
TEMPl 4 0 0  4 3 3  _ .  70 ,, , - 

3 TEMPl 
,g +-*@ 

? STAIT 4w+7,3+-  ,+.La BNW=Ur%- 145-\ I &  

HP RIJN # 
ID: 1 0 7 0 6  
HPER X 

RPEA HPEA :: 
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TIME! 15.067 
1'4.1 TEI.1P 480 2138 ZQLj 

at'. 4P5840 A W P  \@-SOL 
F : ~ I  TEmP 408 250 258 

I SI;NL r B  
I 17. 1 s,P SENS 8.18 
I A R E A  REJ 7 • ' h ~ w 5 1 ~ 1 3 h  - 3 3  
I - 1 

r L 0 M  R 8.8 " 
I 

, i . 5  
F lrl E: 8.U 7 .a . - 4 

l i L  FACTOR: 1. @!3138 E+  
'4 # 2 ~ U L L / ~ O P Y ~ -  145- 1 

START- 3 :q= - - _ _ _ _ _  . _ __ _ _  .-. - 
L a . 4 7  

3 -2 3 - . L. - - 



n-Hexane Hat Teratology Study 
Appendix A - Chemistry 

RT AREA AREA % 



APPENDIX B 

EXPOSURE NARRATIVE AND DATA 

FOR N-HEXANE 





n-Hexane Rat Tera to logy  Study 
Appendix B - Exposure 

EXPOSURE DATA AND NARRATIVE FOR N-HEXANE 

Animal Exposure Chamber 

The Ba t t e l l e -des igned  i n h a l a t i o n  exposure chamber (commerc ia l ly  
a v a i l a b l e  f rom H a r f o r d  Systems/Lab Products,  Inc. ,  Aberdeen, MD) i s  used 
f o r  t h e  i n h a l a t i o n  exposures. The 2.3 m 3  (1 .7  m3 a c t i v e  m i x i n g  volume) 
s t a i n l e s s  s t e e l  chamber con ta ins  t h r e e  l e v e l s  o f  caging, each l e v e l  
s p l i t  i n t o  two o f f s e t  t i e r s  (F igu re  Bl). The d r a w e r - l i k e  s t a i n l e s s  
s t e e l  cage u n i t s  comprise i n d i v i d u a l  animal cages, feed  t roughs and 
automat ic  wa te r ing .  S t a i n l e s s  s t e e l  ca t ch  pans f o r  t h e  c o l l e c t i o n  of 
u r i n e  and feces a r e  suspended below each cage u n i t .  

The ca t ch  pans, which remain i n  t h e  chamber d u r i n g  exposure, were 
designed t o  a i d  i n  m i x i n g  t o  ma in ta i n  u n i f o r m  concen t ra t i ons  o f  aeroso l ,  
dus t  o r  vapors th roughout  t h e  chamber. Incoming a i r  i s  HEPA and 
charcoal  f i l t e r e d  b e f o r e  a d d i t i o n  o f  t he  t e s t  a r t i c l e .  Incoming a i r  
c o n t a i n i n g  a  u n i f o r m  m i x t u r e  o f  t h e  t e s t  a r t i c l e  i s  d i v e r t e d  t o  f low 
a long  t h e  i n n e r  surfaces o f  t h e  chamber. A p o r t i o n  o f  t h e  f l o w  i s  
"peeled o f f "  by each ca t ch  pan thus  c r e a t i n g  m i x i n g  eddies. Exhaust 
f rom each t i e r  i s  c l e a r e d  through t he  space between t h e  t i e r s .  

Exposure S u i t e  System D e s c r i p t i o n  

The hexane exposures were conducted u s i n g  an automated da ta  
a c q u i s i t i o n  and c o n t r o l  system i n  an exposure s u i t e  (F igures  82 and 6 3 ) .  
Th i s  system mon i to rs  and c o n t r o l s  t h e  b a s i c  i n h a l a t i o n  t e s t  system 
f u n c t i o n s  i n c l u d i n g  chamber a i r  f l ow ,  vacuum, temperature and r e l a t i v e  
hum id i t y  and t e s t  chemical  concen t ra t i on .  The system computers, 
p r i n t e r s ,  magnet ic da ta  s to rage  dev ices,  i n t e r f a c e  equipment, and 
m o n i t o r i n g  ins t ruments  a r e  l o c a t e d  i n  a  c e n t r a l  c o n t r o l  room and 
i n t e r f a c e  w i t h  m o n i t o r i n g  and c o n t r o l  elements i n  t h r e e  exposure rooms. 
A l l  da ta  a c q u i s i t i o n  and c o n t r o l  o r i g i n a t e s  f rom an execu t i ve  computer 
which c o n t r o l s  a  m u l t i p l e x i n g  i n t e r f a c e  system. A l l  exper imenta l  
p r o t o c o l s  r e l a t e d  t o  da ta  a c q u i s i t i o n  and c o n t r o l  r e s i d e  i n  t h i s  
computer and a r e  en te red  i n t o  so f tware  t a b l e s  accessed by menus. 

Data from each exposure a r e  s t o r e d  i n  t h e  exposure c o n t r o l  cen te r  
on separate magnet ic media m ic ro- f l oppy  d i s k e t t e s .  Data and comments 
from each exposure room a r e  p r i n t e d  on separate p r i n t e r s .  Data a re  
p r i n t e d  and s t o r e d  immediate ly  upon comple t ion  o f  t h e  measurement. A t  
t he  end of t h e  24 hour  per iod ,  t h e  d a i l y  da ta  a r e  analyzed and summary 
and data o u t l i e r  r e p o r t s  a r e  p r i n t e d .  

A dual  p o i n t  a la rm system w i t h  user  d e f i n e d  s e t  p o i n t s  i s  a v a i l a b l e  
f o r  each parameter measured. A c t i o n  taken upon a la rm depends on t he  
cause and s e v e r i t y  o f  t h e  a l a rm  and ranges f r om aud io / v i sua l  a l e r t  t o  
automat ic  s h u t o f f  o f  t h e  exposure genera to r .  Alarm c o n d i t i o n s  which may 
be a  t h r e a t  t o  t he  h e a l t h  of t h e  animals a l e r t  a  b u i l d i n g  power ope ra to r  
who i s  on d u t y  24 hours pe r  day. 



n-Hexane Rat Teratology Study 
Appendix B - Exposure 

FRONT VIEW SIDE VIEW 

F i q u r e  B1, I n h a l a t i o n  Exposure Chamber. 
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R O O M  327 
NOT U S E D  

ROOM 428 H C C P D  

ROOPI S U I T E  ])I ROOM 412 
U T P  TERATOLOGY 

331 C O N T R O L  I 
C E N T E R  

...... .:.: ..... 
:j:,::j: . R E L A T I V E  3 

H U M I D I T Y  C - - FJ 
- 

C O N T R O L  K 
R O O n  436 

U T P  TERATOLOGY 
EQUI  P n E U T  ROOM I E (HEX AUE) 

Figure B 2.  Hexane Exposure Sui te.  
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COMPlJTER SYSTEM 

COLORADO 
DATA SYSTEHS 

INTERFACE 

COMTROL OUTPUTS 20 X 6 0  
PlEASIJPEMENT W X  
C M A m E R  FLOW 
C M A W E R  PH 
A L A R n  OUTPUTS 

-----4 
..-..# 
.----+ 

-----+ 
-----* 

HEWLETT PACKARD 
HODEL 98 16 

DESKTOP 
COnPUTER T C m f R A T U U E  I4 

e AIR s A n P L Y I 0  (RH) I0 
s CHAMOCR FLOW 10 

W S T P E A P l  
a DOVMSTRCAH . EM AMBER VACUUM 10 

* A M U D G  YPUTS 20 
R A ~  I~PUTS 

'{ " "' "+] 
, COllPUTER 

CCC 488 DUS : *--..--.....*.--.--..-.--- A..*.v---.--...-.-.. 

DUAL FLOPPY 
DISK DRIVE 

270 K BVTL DtSKS 

DUAL FLOPPY 

270 X BYTC DISKS 

THERtlAL 
DOT RATRIX 

PRINTER 

THERn AL 
DOT MATRIX 

PRINTER 

TItERtlAL 
DOT n A T R I X  

PRINTER 

F i q u r e  E3. Data A c q u i s i t i o n  System For n-Hexane Exposures. 
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Temperature i s  measured w i t h  an accuracy of approximately +0.5"F by 
Resistance Temperature Devices (RTD's) 1 ocated a t  t he  measurement s i t e .  
The RTD's are  mu l t i p lexed  t o  a d i g i t a l  thermometer which i s  in te r faced 
t o  the  computer. Chamber temperature i s  c o n t r o l l e d  p r i m a r i l y  by 
c o n t r o l l i n g  the  temperature o f  t he  room housing the  chambers. 

Re la t i ve  humid i ty  (RH) i s  c a l c u l a t e d  w i t h  an accuracy of 
approximately 26% by p u l l i n g  a sample from the  measurement l o c a t i o n  
through a Tef lon@ tube i n t o  a dewpoint hygrometer l oca ted  i n  t h e  c o n t r o l  
center.  Measurements are  made from d i f f e r e n t  l o c a t i o n s  by a v a l v i n g  
system which mu l t i p lexes  the  tubes t o  the  hygrometer. Percent RH i s  
ca l cu la ted  by the  execut ive  computer from temperature and dewpoint 
measurements. Chamber %RH i s  maintained by a "we t ld ry "  a i r  source 
suppl ied t o  each chamber. The r a t i o  o f  "wet" t o  " dry"  a i r ,  determined 
by a computer c o n t r o l l e d  m ix ing  valve, determines the  chamber %RH. 

Chamber a i r  f l o w  i s  c a l c u l a t e d  w i t h  an accuracy o f  approximately 
+15 l i t e r s / m i n  by measurement o f  the  pressure drop across c a l i b r a t e d  
o r i f i c e s  l oca ted  a t  t he  i n l e t  and exhaust o f  each chamber. The des i red  
f l o w  o r i f i c e  i s  at tached by means o f  a mu l t i p lexed  va lve  system t o  a 
c a l i b r a t e d  pressure t ransducer  l oca ted  i n  t h e  c o n t r o l  center .  Small 
leaks i n  t h e  chambers can be detected by comparison o f  t he  measurement 
o f  i n l e t  f l o w  w i t h  t h a t  o f  t he  exhaust. Flow i s  maintained by a 
computer c o n t r o l l e d  pump i n  t h e  exhaust l i n e  of each chamber. 

Chamber vacuum, r e l a t i v e  t o  the  c o n t r o l  center ,  i s  measured w i t h  an 
accuracy o f  approximate ly  +0.2 cm H20 us ing  t h e  same pressure transducer 
system which measures chamber a i r  f lows. Chamber vacuum i s  maintained 
a t  approximate ly  ( - ) I "  H20 p r i m a r i l y  by i n l e t  res i s tance  prov ided by the 
HEPA and charcoal f i 1 te rs .  

Hexane Generation Sys tem 

A schematic diagram o f  t he  Hexane generat ion and d e l i v e r y  system i s  
shown i n  F igure  64. Most o f  the  generator i s  housed i n  a vented cab ine t  
loca ted  i n  the Su i te  Contro l  Center. The cab ine t  i s  vented t o  the  
b u i l d i n g  exhaust. The hexane t o  be vaporized i s  conta ined i n  a 19 l i t e r  
s t a i n l e s s  s t e e l  r e s e r v o i r .  This  r e s e r v o i r  i s  f i l l e d  d a i l y  from the  
o r i g i n a l  sh ipp ing  conta iner  by the  f o l l o w i n g  method which i s  designed t o  
prevent  exp los ion  du r ing  t r a n s f e r .  A l l  oxygen i n  the  r e s e r v o i r  i s  
d isp laced w i t h  n i t r o g e n  through a purge po r t .  The n i t r o g e n  pressure i n  
the sh ipp ing  conta iner  forces hexane through a f i l t e r  and i n t o  the 
rese rvo i r .  The r e s e r v o i r  i s  on an e l e c t r o n i c  sca le  du r ing  f i l l i n g  so 
t h a t  the c o r r e c t  l e v e l  i s  r e a d i l y  obtained. A l l  metal conta iners  are  
grounded. The f i l l e d  r e s e r v o i r  i s  then t ransfered and i n s t a l l e d  i n t o  
the  generator cabinet.  

During exposure the  hexane i s  pumped from the  r e s e r v o i r  through a 
s t a i n l e s s  s t e e l  eductor  tube and d e l i v e r y  tubes t o  vapor izors  l oca ted  a t  
the  f r e s h  a i r  i n l e t  o f  each animal exposure chamber. S tab le  
micrometering pumgs w i t h  ad jus tab le  d r i f t - f r e e  pump ra tes  ranging from 
less  than 1 x 10- t o  g rea te r  than 20 m l  per  minute a re  used. 
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P 

- Cal i i ted  Fbw 

Waste Stainless Steel Bubble 
Resevoir Flammable Lqud Trap 

Contsner 

Hexane Generation And Delivery System 

F i g u r e  S 4. n-Hexane Generat ion and D e l i v e r y  System. 
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The vapor izer  (F igure  B4) comprises a  s t a i n l e s s  s t e e l  c y l i n d e r  
covered w i t h  a  g lass f i b e r  wick from which the  l i q u i d  i s  vaporized. The 
wick can be e a s i l y  and inexpens ive ly  replaced i f  res idue bu i l dup  occurs. 
An 80-watt  heater  and a  temperature sensing element a re  incorporated 
w i t h i n  the  c y l i n d e r  and connected t o  a  remotely loca ted temperature 
c o n t r o l l e r .  A second temperature mon i to r  i s  incorpora ted  i n  the  
vapor izer  a l l o w i n g  the  opera t ing  temperature t o  be recorded by the  
automated data a c q u i s i t i o n  system. The ope ra t i ng  temperature of t he  
vapor izer  i s  mainta ined below 50°C ( t h e  b o i l i n g  p o i n t  of hexane i s  about 
70°C). The c y l i n d r i c a l  vapor izer  i s  pos i t i oned  i n  the  f resh a i r  duc t  
l ead ing  d i r e c t l y  t o  t he  i n l e t  o f  t he  exposure chamber. 

A c l e a r  Tef lon@ tube o f  measured volume, preceded by a  three-way 
valve i s  at tached downstream o f  t he  pump t o  f a c i l i t a t e  measurement of 
the  f l o w  r a t e  o f  the  vapor generator.  Measurement i s  accomplished by 
momentari ly sw i t ch ing  the  three-way va lve  f rom the  run p o s i t i o n  t o  t h e  
t e s t  p o s i t i o n .  A smal l  bubble o f  a i r  i s  p u l l e d  by the  pump f rom the  
cab ine t  through t h e . v a l v e  and i n t o  the  c l e a r  tube. The progress of t h i s  
bubble f rom one end o f  t he  tube t o  the  o the r  ( c a l i b r a t e d  volume) i s  
t imed w i t h  a  s top  watch. Flow r a t e  i s  c a l c u l a t e d  by d i v i d i n g  the  volume 
by the  time. The concent ra t ion  i n  t h e  exposure chamber can be 
ca l cu la ted  from the  f l o w  measurements o f  l i q u i d  and d i l u t i o n  a i r  and i s  
used as a  check on chamber concentrat ions i n  a d d i t i o n  t o  GC 
measurements. 

A l l  generat ion equipment which comes i n  con tac t  w i t h  the hexane i s  
s ta in less- s tee l ,  Tef lon@ o r  V i t o n ~ .  A l l  equipment conta ined i n  the  
vented generator  cab ine t  i s  exp los ion  proof .  

The exposure s u i t e  data a c q u i s i t i o n  and c o n t r o l  computer 
au tomat i ca l l y  c o n t r o l s  the  concent ra t ion  of hexane i n  the  animal 
exposure chambers by a d j u s t i n g  the  f l o w  r a t e  of d i l u t i o n  a i r  through the  
chamber over  a  narrowly l i m i t e d  f l o w  range. This  i s  accomplished by 
a d j u s t i n g  the  d i l u t i o n  a i r  f l o w  pump which i s  mounted i n  the  exhaust 
duct  o f  the  chamber. This  a i r  m u l t i p l i e r  type pump i s  c o n t r o l l e d  by 
a d j u s t i n g  the  c o n t r o l  a i r  pressure by a  computer- contro l led motor 
at tached t o  the  a i r  pressure regu la to r .  

Adjustments are  made t o  the a i r  f l o w  o n l y  if the  concent ra t ion  i s  
beyond the  Non- Cr i t i ca l  L i m i t  (+  10% o f  t a r g e t  concent ra t ion) .  The 
concent ra t ion  adjustment i s  l i m i t e d  t o  assure t h a t  the  chamber d i l u t i o n  
a i r  f l o w  i s  no t  ad jus ted  beyond the  n o n- c r i t i c a l  f l o w  l i m i t s  (12 t o  18 
a i r  changes per  hour) .  I f  the  a l lowed adjustment i s  n o t  s u f f i c i e n t  t o  
b r i n g  the  concent ra t ion  back i n t o  the  des i red  opera t ing  range, the  
computer makes the  maximum adjustment poss ib le  w i t h i n  the  f l o w  l i m i t s ,  
then sets the  a larm and i nd i ca tes  t o  the  opera tor  t h a t  a  manual 
adjustment of t he  generat ion system must be made. 
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The f o l l o w i n g  c o n d i t i o n s  f o r  alarms and c o n c e n t r a t i o n  ad justments  
w i l l  app ly :  

. Concent ra t ion  < Targe t  + 10% and > Targe t  - 10% 
No a c t i o n  necessary- 

. Concent ra t ion  > Targe t  + 10% and - < Targe t  + 20% 
o r  
< Targe t  - 10% and - > Targe t  - 20% 
Set no alarms. 
A d j u s t  chamber a i r  f l o w  r a t e  t o  b r i n g  
c o n c e n t r a t i o n  as c l o s e  t o  t a r g e t  as p o s s i b l e  
w i t h i n  a i r  f l o w  l i m i t s  (12  t o  18 a i r  changes pe r  
hour ) .  

. Concent ra t ion  > Targe t  + 20% and < Targe t  + 30% 
< Targe t  - 20% and 7 Targe t  - 30% 
Set a u d i b l e  a la rm in c o n t r o l  room and exposure 
room. If a f t e r  normal work ing  hours o r  if 
weekend, a l s o  s e t  power o p e r a t o r  alarm. A d j u s t  
chamber a i r  f l o w  r a t e  t o  b r i n g  c o n c e n t r a t i o n  as 
c l o s e  t o  t a r g e t  as p o s s i b l e  w i t h i n  a i r  f l o w  
1 i m i  t s  (12  t o  18 a i r  changes p e r  hou r ) .  

. Concent ra t ion  > Targe t  + 30% 
Turn o f f  a l l  generators .  
Set  a u d i b l e  a la rm i n  c o n t r o l  room and exposure 
room. I f  a f t e r  normal work ing  hours o r  i f  
weekend, a l s o  s e t  power o p e r a t o r  alarm. Make no 
ad justment  o f  chamber a i r  f l ow.  

. Concent ra t ion  < Targe t  - 30% 
Set a u d i b l e  a la rm i n  c o n t r o l  room and exposure 
room. I f  a f t e r  normal work ing  hours o r  i f  . 

weekend, a l s o  s e t  power o p e r a t o r  alarm. Make no 
ad justment  o f  chamber a i r  f l ow .  
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The f o l l o w i n g  f i g u r e  d i s p l a y s  t h e  above descr ibed  alarms and the  
corresponding r e a c t i o n s :  

: ,urn 
I Turn off dl generators 
I No Row Adjustment 

TARGET + 30% 

TARGET + 20% -................ I............. I 

Row adjustment 
TARGlT + 1M - 

OPERATING 
TARGW RANGE 

CONCENIRATION No alarms 
No adjustments 

TARGET - 10% ..-.--.-.--------.--- 
?-No d m  

) Row adjustment 
TARGET - 304 .......................................... 

f .Arm 
, No Row Adjustment 
I 
I 

The t ime  (TgO) ,  f o l l o w i n g  t h e  s t a r t  o f  genera t ion ,  f o r  t he  
concen t ra t i on  t o  b u i l d  up t o  90% o f  t he  f i n a l  s t a b l e  concen t ra t i on  i n  t h e  
chamber and t h e  t ime  (Tlo), f o l l o w i n g  t h e  s top  o f  gene ra t i on  f o r  the  vapor 
concen t ra t i on  t o  decay t o  10% o f  t he  s t a b l e  c o n c e n t r a t i o n  were determined 
before animals were p laced  i n  t h e  chambers. The r e s u l t i n g  curves f o r  a l l  
chambers a r e  shown i n  F igu re  B5. The va lue  o f  TgO was found t o  range from 
approx imate ly  11 t o  13 minutes. A t  a  chamber a i r  f low r a t e  of  15 a i r  
changes pe r  hour, t h e  t h e o r e t i c a l  va lue  f o r  TgO i s  approx imate ly  12.5 
minutes. A TqO o f  12 minutes was chosen f o r  t h i s  s tudy.  The va lue  of T l o  
ranged f rom 9 t o  10 minutes. 
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K Max 

% Max 

IRT HEXANE - 200 pprn CHAMBER 

* Bu~ldup wlo Animals 

Q- Decay wlo Animals 

m- Buildup w Animals 

0- Decay w Animals I 
0 2 4 6 8 10  12  14  1 6  18 2 0  

Time (Minutes) 

IRT HEXANE - 1000 ppm CHAMBEF 

I .@- Buildup wlo Animals 

-0- Decay wlo Animals I 

0 2 4 6 8 10 12 14 16 18 20 

Time (Minutes) 

IRT HEXANE - SO00 pprn CHAMBER 

0 2 4 6 8 1 0  12 14 16 18 20 
Time (Minutes) 

-& Buildup w/o Animals 

Decay w/o Animals 

Buildup w Animals 

Decav w Animals I 
Figure  B 5 ,  Bu i ldup  and Decay of \lanor Concentrat ions L l i t h  and !Jithout 
Animals Present.  
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The b u i l d u p  and decay o f  concen t ra t i on  w i t h  animals i n  t h e  chambers 
were checked d u r i n g  t he  f i r s t  week o f  the  s tudy  ( F i g u r e  65) .  These t e s t s  
were r u n  on t h e  200 and 5000 ppm chambers. The va lues o f  T g O  ranged from 
11 t o  11.5 minutes. The decay t ime, Tlo w i t h  animals p resen t  ranged 
between 10 and 11 minutes. 

Vapor Concent ra t ion  U n i f o r m i t y  i n  Chambers 

U n i f o r m i t y  o f  vapor concen t ra t i on  i n  t h e  exposure chambers was 
measured p r i o r  t o  t h e  s t a r t  o f  and once d u r i n g  t h e  study. The vapor 
concen t ra t i on  was measured u s i n g  t h e  o n - l i n e  GC w i t h  the  automat ic  
8 - p o r t  sample va l ve  d i s a b l e d  t o  a l l o w  cont inuous m o n i t o r i n g  f rom a  
s i n g l e  i n p u t  l i n e .  P r i o r  t o  animal load ing ,  12 chamber p o s i t i o n s  ( two  
p o s i t i o n s ,  one i n  f r o n t  (F)  and one i n  back (B) ,  f o r  each o f  t he  s i x  
p o s s i b l e  animal cage u n i t  p o s i t i o n s  p e r  chamber) were measured. The 
second s e t  of gas c o n c e n t r a t i o n  measurements was taken from the  f r o n t  
and back p o s i t i o n s  o f  t h e  chamber o n l y  where cage u n i t s  con ta ined  
animals.  

The sample p o i n t  was j u s t  above and about 10 cm i n  f rom t h e  f r o n t  
o r  back c e n t e r  o f  each cage u n i t .  The u n i f o r m i t y  da ta  f o r  each chamber 
d u r i n g  p r e s t a r t  t e s t i n g  and a f t e r  animals were i n  p l ace  i n  t he  chambers 
a r e  summarized i n  Table B1. U n i f o r m i t y  i n  a l l  chambers was found 
acceptable.  To p r o v i d e  e a s i e r  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s ,  t h e  
concen t ra t i on  read ings  a t  each p o r t  i s  a l s o  expressed as a  percentage of 
t h e  mean measurement a t  a l l  p o r t s  measured. The p o s s i b l e  v a r i a t i o n  of 
chemical concen t ra t i on  measured f rom one sample p o r t  t o  another  d u r i n g  t h e  
chamber balance procedure i s  termed the  T o t a l  P o r t  V a r i a b i  1  i ty  (TPV) . 
Three f ac to r s  c o n t r i b u t e  t o  t h e  TPV. The f i r s t ,  t he  Between P o r t  
V a r i a b i  1  i ty  (BPV) , represen ts  t h e  v a r i a t i o n  o f  chemical d i s t r i b u t i o n  
w i t h i n  t he  chamber. Th is  f a c t o r  i s  of i n t e r e s t  because i t  i s  t h e  measure 
o f  t h e  u n i f o r m i t y  o f  d i s t r i b u t i o n  o f  t h e  chemical i n  t h e  chamber. The 
second f ac to r ,  t h e  W i t h i n  P o r t  V a r i a b i  1 i ty  (WPV) , represen ts  t he  
f l u c t u a t i o n  of t h e  average chemical c o n c e n t r a t i o n  w i t h i n  t h e  chamber 
d u r i n g  t h e  t ime t h e  u n i f o r m i t y  measurements a r e  made. The t h i r d  i s  t h e  
v a r i a b i l i t y  o f  t he  measurement i ns t rumen t  i t s e l f .  

Table 01. Rat Tera to logy  Study o f  Hexane i n  Rats - Summary o f  Chamber 
U n i f o r m i t y  Data Obtained b e f o r e  exposure ( P r e s t a r t )  and d u r i n g  exposure 
( P o s t s t a r t ) .  

TPV (%RSD) WPV (%RSD) BPV (%RSD) 
Chamber P r e s t a r t  P o s t s t a r t  P r e s t a r t  P o s t s t a r t  P r e s t a r t  P o s t s t a r t  
mqjp?~ 2.5 1.9 1.8 1.7 1.8 0.8 
1000 ppm 1.2 0.6 0.2 0.3 1.2 0.4 
5000 ppm 1.0 0.1 1.8 0.1 0  0.1 

Chamber U n i f o r m i t y  L i m i t s  
klPV < 5% RSD - 
BPV < 5 H S D  - . - 

TPV - < 7% RSD 
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ENVIRONMENTAL DATA DURING EXPOSURE 

Summations o f  chamber a i r  f low,  temperature and r e l a t i v e  humid i t y  
data f o r  t he  study a r e  shown i n  Table B2. This  t a b l e  i nc ludes  t h e  mean, 
s tandard dev ia t i on ,  mean expressed as a percentage of t he  t a r g e t ,  the  
percent  re1  a t i v e  standard d e v i a t i o n  (SD/Mean) , maximum, minimum 
readings, number o f  readings and the  percent  o f  readings f o r  which the  
value was w i t h i n  the  s p e c i f i e d  ope ra t i ng  range. 

The mean value o f  temperature i n  a l l  chambers f o r  t he  e n t i r e  s tudy 
were between 74.2 and 76.8"F, a l l  w i t h i n  the  s p e c i f i e d  l i m i t s  o f  72 t o  
78°F. Temperature extremes ranged f rom 71.7 t o  79.3"F. Mean d a i l y  
temperatures i n  t h e  1000 ppm chamber exceeded the  upper l i m i t  o f  78°F on 
3 days, r e s u l t i n g  i n  86% o f  samples f a l l i n g  i n  t h e  ope ra t i ng  range. The 
percent  o f  temperature readings w i t h i n  the  ope ra t i ng  range f o r  a l l  o t h e r  
chamber were g r e a t e r  than 99%. 

The mean values o f  r e l a t i v e  humid i ty  i n  a l l  chambers f o r  t he  study 
were between 52.5 and 57.7%, a l l  w i t h i n  the  s p e c i f i e d  l i m i t s  o f  40 t o  
70%. R e l a t i v e  humid i t y  extremes (cons ider ing  a1 1 chambers) ranged from 
40 t o  72% and a t  l e a s t  97% o f  a l l  r e l a t i v e  humid i t y  readings were 
w i t h i n  s p e c i f i e d  l i m i t s  throughout t he  study. 

The mean values o f  chamber f l o w  i n  a l l  chambers f o r  t he  s tudy  were 
between 14.3 and 15.3 CFM ( 1  CFM = 1 a i r  change per  hour) ,  a l l  w i t h i n  the  
s p e c i f i e d  l i m i t s  o f  12 t o  18 CFM. Flow extremes (cons ide r ing  a l l  
chambers) ranged f rom 10.9 t o  16.9 CFM. The wide v a r i a t i o n s  were due t o  
the  use o f  a i r  f l o w  t o  a d j u s t  concent ra t ions  d u r i n g  the  n igh t ime hours. 

A complete summary o f  t he  d a i l y  chamber environmental data and 
no ta t i ons  on any readings which exceeded c r i t i c a l  l i m i t s  f o l l ows .  

EXPOSURE DATA 

Summaries o f  t he  concent ra t ion  data f o r  a l l  chambers and the  
exposure room a re  inc luded i n  Table 83. The d a i l y  mean concent ra t ions  
f o r  a l l  chambers were w i t h i n  8% o f  t he  t a r g e t  concent ra t ions  ( t h e  d a i l y  
p ro toco l  requ i red  the  d a i l y  means t o  be w i t h i n  210% o f  the  t a r g e t  
concent ra t ions) .  Standard dev ia t i ons  were ou ts ide  the  10% p r o t o c o l -  
def ined l i m i t s  on 3 days f o r  the  200 ppm chamber and 1000 ppm chamber and 
2 days f o r  t h e  5000 ppm chamber. The percent  o f  concen t ra t i on  readings 
w i t h i n  the  ope ra t i ng  range f o r  t he  1000 ppm chamber was 89%, the  o t h e r  
chambers were g rea te r  than 98%. 
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Table B2. Inhalation Toxicity Study of n-Hexane in Rats - Summation of 
Environmental Data for the Period when Animals were Housed in the Exposure 
Chamber. Acceptable ranges are also shown. 

Temperature (OF) 
Acceptable Range = 72 to 78 OF 

Target Chamber Percent of 
Cone.- T a r g e t b ! h i m u m  
1 0  74.2f1.0 99k1% 76.2 
2  old 1 76.5k1.1 102k1% 77.7 
2 Hold 2 74.9k1.7 lW% 78.0 
1200 76.1k1.0 1m1% 78.3 
1 1000 76.8k1.2 1 0 N Z  79.2 
15000 75.1k0.8 10011% 76.9 

Number of 
Minimum SamDles 
71.7 106 
74.3 16 
72.5 16 
73.3 106 
73.6 106 
73.1 106 

Relative Humidity (96 RH) 
Acceptable Range - 40 to 70 Z R H  

Target Chamber Percent of 
( l o n c . m + s S n  Tareet+%RSD Maximum Minimum 
1 0  57.7k 7.9 105+14% 72 40 
2 Hold 1 52.5k3.3 95*6% 57 47 
2 Hold 2 53.5k3.2 97k6% 59 48 
1 200 5334.6 97S% 63 40 
1 1000 55.0k5.3 100110% 69 40 
1 5000 55.7k4.2 101k7% 65 43 

Air Flow (CFM) 
Acceptable Range = 12 to 18 CFM 

Target Chamber Percent of 
C o n c . - + + n  
10 14.6f0.6 97k4% 
2 Hold 1 15.3k0.1 10&1% 
2 ~ o i d  2 15.iko.5 im3% 
1200 15.0f 0.7 10035% 
1 1000 14.3k1.5 96&10% 
1 5000 15.3k0.4 1023% 

Number of 
SamDles 
106 
15 
15 
108 
107 
106 

. . Number of 
Mumum SamDles 

16.3 13.9 108 
15.7 15.2 16 
16.2 14.7 16 
16.1 11.9 11 1 

16.9 10.9 111 
15.9 13.2 109 

% Samples 

99 
100 
100 
99 
86 
100 

% Samples 

97 
100 
100 
100 
100 
100 

% Samples 
Pe 

100 
100 
100 
99 
98 
100 

Data Used for Analysis: 
1 511 3/86 - 5/29/86 
2 5/13/86 - 5/15/86 
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Table B3. Hexane Study in Rats - Summary of Concentration Data 

Concentration (PPM) 
Acceptable Range = Target + 10% 

Target 
GQrLbml 
Room 
0 
Hold 1 1 
Hold 2 1 
200 
lo00 
5000 
St. Gas 

Percent 

---- 
-- 

i m 8 %  
99S% 

loo+-6% 
101+10% 

* Samples with concentration less than 4 ppm 

Maximum 
4 
0 
0.1 
0 

276 
1470 
5490 
1 loo 

Minimum 
0 
0 
0 
0 
0.7 

27 
17 
7 

Number 
SamDles 

658 
63 1 
99 
101 
618 
629 
625 
639 

Number 5% Samples 

*643 *98 
*63 1 * 100 
*99 *loo 

*I01 * 100 
604 98 
560 89 
615 98 
63 1 99 

Dates Used for Analysis: 5/13/86 - 5/29/86 except 1 5/13/86 - 5/15/86. 
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D a i l v  Sunma:-@- Ec- Liewale - I P '  ( R a t s !  E r o ~  !: Mav !P!5 ?brouoh 20 r a v  !985 

Sumnary Oara for: hexane - 0 ppn-R/M/Concentratlon O.OOE+O to 1 .00E+O 

D a t e  Heal Z Tarqet Std O e v  X RSC Maximur Hinrmur N N ir X N t n  

1 3  May 1 9 8 6  C.OOE+O OX O.OOOi+O Or O.OOE+O O.OOE+O 3 3 .  3 5 .  1 0 0 %  

1 4  May 1 9 8 6  O.OOE+O OX 0 . 0 0 0 E + O  0% O.OOE+O O.OOE+O 35 .  35. 1OC% 
1 5  May 1 9 8 6  0 . 0 0 E + 0  0% O.OOOE+O 0% O.OOE+O O.OOE+O 3 .  3 .  1 0 0 %  

16 May 1 9 8 6  O.OOE+O C X  0 . 0 0 0 E + O  0% O.OOE+O O.OOE+O 3 4 .  3 4 .  1 0 0 %  

1 7  May 1 9 8 6  O.OOE+O 0% 0 . 0 0 0 E + O  OX O.OOE+O O.OOE+O 3 7 .  3 7 .  1 0 0 %  
18 May 1 9 8 6  O.OOE+O 0% 0 . 0 0 0 E + O  0% O.OOE+O O.OOE+O 38. 3 8 .  1 0 0 %  
19 May 1 9 8 6  O.OOE+O 0 %  0 . 0 0 0 E + O  0% O.OOE+O O.OOE+O 3 8 .  3 8 .  1 0 0 %  

2 0  Hay 1 9 8 6  O.OOE+O 0% 0 . 0 0 0 E + O  0% O.OOE+O O.OOE+O 4 E .  4 6 .  1 0 0 %  

2 1  May 1 9 8 6  O.OOE+O OX 0 . 0 0 0 E + O  OX O.OOE+O O.OOE+O 4 2 .  4 2 .  1 0 0 %  
22 May 1 9 8 6  O.OOE+O OX O.OOOi+O OX O.OOE+O O.OOE+O 4 5 .  45. 1 0 0 %  
2 3  May 1 9 8 6  O.OOE+O 0:: 0 . 0 0 0 E + O  OX O.OOE+O O.OOE+O 4 7 .  4 7 .  1 0 0 %  
2 4  Hay 1986 O.OOE+O 0;; 0 . 0 0 0 E + O  0% O.OOE+O O.OOE+O 4 3 .  4 3 .  1 0 0 %  
2 5  May 1 9 8 6  O.OOE+O 0% O.UOOE+O 0% O.OOE+O O.OOE+O 3 7 .  3 7 .  1 0 0 %  
2 6  May 1 9 8 6  O.OOE+O OX O.OOOE+O OX O.OOE+O O.OOE+O 4 4 .  4 4 .  1 0 0 %  

2 7  Hay 1 9 8 6  O.OOE+O OX O.OOOE+O OX O.OOE+O O.OOE+O 2 2 .  2 2 .  1 0 0 %  
2 6  May 1 9 8 6  O.OOE+O 0 %  O.OOOE+O OX O.OOE+O O.OOE+O 4 1 .  4 1 .  1 0 0 %  
ZP May ! 9 8 6  0.00:-0 0:: C OOPE+O OX @.OOF+O O . O O i * G  4 E. 4 6  1OOX 

Sumnary O.OOE+O 0% O.OOOi+O 0 %  O.OOE+O O.OOE+O €31. 631. 1 0 0 %  

H e x a n e  - I R T  ( R a t s )  
H e x a n e  - 0 ppm-R/M 

Mean & S t a n d a r d  D e v i  a t  i o n  
F r o m  13 May 1986 t h r o u g h  29  May 1986 
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Oai lv  Sumnation For Hexane - IRT (Rats) From 13 May 1986 throuqh 29 Mav 1986 
Sumnary Data for :  Hexane - 200 ppm-R/M/Concentration 1.80€+2 t o  2.2OE+Z 
Date Mean X Tarqet Std Dev % RSO Maximum Minimum N N i n  % N i n  

13 May 1986 1.91€+2 95% 3.616€+1 19% 2.05€+2 7.14E-1 30. 29. 9 7% 
14 May 1986 2.02€+2 101% 4.629€+0 2% 2.08€+2 1.89€+2 32. 32. 100% 
15 May 1986 2.01€+2 100% 1.756€+1 9% 2.76€+2 1.73€+2 35. 32. 91% 
16 May 1986 2.03€+2 102% 1.117€+1 5% 2.34E+2 1.73€+2 31. 27. 87% 
17 May 1986 1.96E+2 98% 3.200€+0 2% 2.02E+2 1.88€+2 33. 33. 100% 
18 May 1986 2.04€+2 102% 3.897€+0 2% 2.09€+2 1.95€+2 37. 37. 100% 
19 May 1986 1.99€+2 100% 3.271€+0 2% 2.11E+2 1.95€+2 38. 38. 100% 
20 May 1986 1.97€+2 99% 2.344€+0 1% 2.02€+2 1.91€+2 41. 41. 100% 
21 May 1986 2.05E+2 102% 3.464E+0 2% 2.20E+2 1.99E+2 38. 37. 97% 
22 May 1986 1.98€+2 99% 6.438€+0 3% 2.12E+2 1.86€+2 42. 42. 100% 
23 May 1986 2.04€+2 102% 6.839€+0 3% 2.32E+2 1.94€+2 43. 42. 98% 
24 May 1986 2.03€+2 101% 3.892€+0 2% 2.12€+2 1.96E+2 37. 37. 100% 
25 May 1986 2.01€+2 101% 4.747€+0 2% 2.11€+2 1.88€+2 34. 34. 100% 
26 May 1986 2.01€+2 101% 2.717€+0 1% 2.08€+2 1.96€+2 37. 37. 100% 
27 May 1986 1.98€+2 99% 3.967€+1 20% 2.18€+2 1.61€+1 24. 22. 92% 
28 May 1986 1.94€+2 97% 3.513€+1 18% 2.09€+2 5.14E+O 42. 40. 9 5% 
29 Mav 1986 2.00€+2 100% 6.171E+O 3% 2.16€+2 1.88€+2 44. 44. 100% 
S u m r y  2.00€+2 100% 1.590€+1 8% 2.76€+2 7.14E-1 618. 604. 9 8% 

Hexane - I R T  ( R a t s )  
Hexane - 2 8 8  ppm-R/M 

Mean 8 Standard  D e v i a t i o n  
From 13 May 1986 through 29 May 1986 
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n-Hexane R a t  Teratology Study 
Appendix B - Exposure 

Dai lv  Sumnation For Hexane - I R T  (Rats) From 13 Mav 1986 throuqh 29 May 1986 
S u m r y  Data fo r :  Hexane -1000 ppm-R/M/Concentration 9.00€+2 to  l.lOE+3 

Date Mean % Tarqet Std Dev X RSD Maximum Minimum N N i n  % N i n  

13 May 1986 1.02€+3 102% 1.000€+2 10% 1.29€+3 8.14€+2 31. 23. 74% 
14 May 1986 1.01€+3 101% 1.059€+2 11% 1.31€+3 8.80€+2 34. 28. 82% 
15 May 1986 1.00€+3 100% 9.054€+1 9% 1.24€+3 8.68€+2 35. 27. 77% 
16 May 1986 9.93€+2 99% 5.325€+1 5% 1.09€+3 9.02€+2 31. 31. 100% 
17 May 1986 1.02€+3 102% 8.513€+1 8% 1.32€+3 9.13E+2 34. 31. 91% 
18 May 1986 1.00€+3 100% 4.852E+1 5% 1.17€+3 8.98€+2 37. 35. 9 5% 
19 May 1986 9.96€+2 100% 5.735€+1 6% 1.24€+3 9.16€+2 39. 37. 9 5% 
20 May 1986 9.88€+2 99% 5.131€+1 5% 1.17€+3 9.18E+2 41. 39. 9 5% 
21 May 1986 1.01E+3 101% 5.280€+1 5% 1.15€+3 8.97€+2 38. 34. 89% 
22 May 1986 9.98E+2 100% 4.187€+1 4% l.lOE+3 8.98E+2 42. 41. 98% 
23 May 1986 1.01€+3 101% .4.517€+1 4% l.llE+3 9.06€+2 44. 43. 98% 
24 May 1986 9.99€+2 100% 5.163€+1 5% 1.12€+3 8.78€+2 38. 35. 92% 
25 May 1986 9.76€+2 98% 9.113€+1 9% 1.13€+3 6.03E+2 35. 31. 89% 
26 May 1986 9.99€+2 100% 5.247€+1 5% 1.14€+3 8.73€+2 38. 35. 9 2% 
27 May 1986 9.25€+2 92% 1.982€+2 21% 1.47€+3 4.68€+2 26. 16. 62% 

28 May 1986 9.42€+2 94% 1.689€+2 18% l.llE+3 2.70€+1 42. 36. 86% 
29 Mav 1986 1.01E+3 101% 5.787€+1 6% 1.16E+3 8.18E+2 44. 38. 86% 
S u m r y  9.94€+2 99% 8.891€+1 9% 1.47€+3 2.70€+1 629. 560. 89% 

Hexane - I R T  ( R a t s )  
Hex ane - 1000 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 through 29  May 1986 
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n-Hexane Rat Teratology Study 
~ p p e n d i x  B - Exposure 

D a i i v  Sumnation For Hexane - I R T  (Rats )  From 13 Mav 1986 th rouah 29 May 1986 
Sumnary Data f o r :  Hexane -5000 ppm-R/M/Concentration 4.50€+3 t o  5.50E+3 
Date Mean % Taraet S td  Dev % RSD Maximum Minimum N N i n  % N i n  
13 May 1986 5.03€+3 101% 2.040€+2 4% 5.49€+3 4.67€+3 31. 31. 100% 
14 May 1986 5.04€+3 101% 2.698€+2 5% 5.34€+3 4.17E+3 34. 32. 94% 
15 May 1986 5.00€+3 100% 1.481€+2 3% 5.26€+3 4.72E+3 35. 35. 100% 
16 May 1986 4.96€+3 99% 1.759€+2 4% 5.47€+3 4.67E+3 31. 31. 100% 
17 May 1986 4.90€+3 98% 5.465€+1 1% 4.99E+3 4.74E+3 34. 34. 100% 
18 May 1986 4.98€+3 100% 1.442€+2 3% 5.24€+3 4.60€+3 38. 38. 100% 
19 May 1986 5.03€+3 101% 9.618€+1 2% 5.27€+3 4.74€+3 39. 39. 100% 
20 May 1986 4.98E+3 100% 9.988€+1 2% 5.12€+3 4.77E+3 42. 42. 100% 
2 1  May 1986 4.98€+3 100% 1.434€+2 3% 5.23E+3 4.70€+3 39. 39. 100% 
22 May 1986 4.90€+3 98% 1.187E+2 2% 5.30€+3 4.75€+3 42. 42. 100% 
23 May 1986 5.04€+3 101% 1.149€+2 2% 5.28€+3 4.71€+3 44. 44. 100% 
24 May 1986 5.06€+3 101% 8.195E+1 2% 5.21€+3 4.87€+3 38. 38. 100% 
25 May 1986 5.05€+3 101% 1.890E+2 4% 5.26€+3 4.48€+3 35. 33. 94% 
26 May 1986 5.14€+3 103% 7.300€+1 1% 5.26€+3 4.97€+3 38. 38. 100% 
27 May 1986 4.87E+3 97% 9.537€+2 20% 5.38€+3 7.35E+2 24. 21. 88% 
28 May 1986 4.81€+3 96% 8.346E+2 17% 5.22€+3 1.66€+1 37. 34. 92% 
29 Mav 1986 4.96E+3 99% 9.480E+l 2% 5.13E+3 4.75E+3 44. 44. 100% 
Sumnary 4.99€+3 100% 3.117€+2 6% 5.49€+3 1.66€+1 625. 615. 98% 

Hexane - I R T  ( R a t s )  
Hexane -5000 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
From 13 May 1986 t h r o u g h  2 9  May 1986 

$&*' 
6' 

n 

E 
n 'a' - 
Q ',?O 
V 

C 
0 '=' - - ?" 

5 +' 
m L : 
al 
0 
c ',+ - 
5 .?" 

'a' - 
9 

h' 

,." 2 I I I I I 1 I I I I I I I I I 1 

" '9 
4 4 4 +** 8 8 4 +** 

,“ \? \9 2' 8 Q 21 29 

' - t t + t t t t + t t . . .  

- 
> 
Y P 

li 
UI 

i j i 
LO 



n-Hexane Rat Teratology Study 
Appendix B - Exposure 

Oai lv  Sumnation For Hexane - IRT (Rats) From 13 May 1986 throuqh 29 Mav 1986 
Sumnary Data f o r :  Hexane - 0 ppm/Holdl/Concentration O.OOE+O t o  l.OOE+O 
Date Mean % Tarqet Std Oev % RSD Maximum Minimum N N i n  % N i n  
13 May 1986 O.OOE+O OX 0.000E+O 0% O.OOE+O O.OOE+O 31. 31. 100% 
14 May 1986 O.OOE+O OX 0.000E+O OX O.OOE+O O.OOE+O 33. 33. 100% 
15 May 1986 2.80E-3 0% 1.654E-2 592% 9.79E-2 O.OOE+O 35. 35. 100% 
16 May 1986 
17 May 1986 
18 May 1986 
19 May 1986 
20 May 1986 
21 May 1986 
22 May 1986 
23 May 1986 
24 May 1986 
25 May 1986 
26 May 1986 
27 May 1986 
28 May 1986 
29 Mav 1986 
Sumnary 9.89E-4 0% 9.836E-3 995% 9.79E-2 O.OOE+O 99. 99. 100% 

Hexane - I R T  ( R a t s )  
Hexane - 8 ppm/Holdl  

Mean & S t a n d a r d  D e v i a t i o n  
From 13 May 1986 t h r o u g h  29  May 1986 



n-Hexane Rat Teratology Study 
Appendix B - Exposure 

Oai l v  Sumnation For Hexane - I R T  [Rats) From 13 Mav 1986 throuqh 29 Mav 1986 
S u m r y  Data for:  Hexane - 0 ppn/Hold2/Concentration O.OOE+O t o  1.00E+O 
Date Mean X Taraet Std Oev X RSO Maximum Minimum N N i n  % N i n  
13 May 1986 O.OOE+O 0% 0.000E+O OX O.OOE+O O.OOE+O 31. 31. 100% 
14 May 1986 O.OOE+O OX 0.000E+O OX O.OOE+O O.OOE+O 34. 34. 100% 
15 May 1986 O.OOE+O OX 0.000E+O 0% O.OOE+O O.OOE+O 36. 36. 100% 
16 May 1986 
17 May 1986 
18 May 1986 
19 May 1986 
20 May 1986 
21 May 1986 
22 May 1986 
23 May 1986 
24 May 1986 
25 May 1986 
26 May 1986 
27 May 1986 
28 May 1986 
29 Mav 1986 
Sumnary 0. OOE+O OX O.OODE+O 0% O.OOE+O O.OOE+O 101. 101. 100% 

Hexane - I R T  ( R a t s )  
Hexane - 0 ppm/Hold2 

Mean & S t a n d a r d  D e v i a t i o n  
From 13 May 1986 t h r o u g h  29 May 1986 
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n-Hexane Rat Teratology Study 
Appendix B - Exposure 

O a i l v  Sumnation For  Hexane - IRT (Rats )  From 13 Mav 1986 t h r o u s h  29 Mav 1986 
S u m r y  Data f o r :  Hexane - Room/Concentration O.OOE+O t o  1.00E+O 
Date Mean X Tarqet Std Oev % RSO Maximum Minimum N N i n  % N i n  
13 May 1986 O.OOE+O 0% 0.000E+O 0% O.OOE+O O.OOE+O 31. 31. 100% 
14 May 1986 4.81E-1 0% 1.338E+0 278% 4.18E+O O.OOE+O 34. 30. 88% 
15 May 1986 1.27E-2 0% 7.428E-2 583% 4.33E-1 O.OOE+O 34. 34. 100% 
16 May 1986 O.OOE+O 0% 0.000E+O OX O.OOE+O O.OOE+O 34. 34. l0OX 
17 May 1986 4.84E-3 0% 2.944E-2 608% 1.79E-1 O.OOE+O 37. 37, 100% 
18 May 1986 O.OOE+O 0% 0.000E+O OX O.OOE+O O.OOE+O 38. 38. 100% 
19 May 1986 O.OOE+O 0% 0.000E+O 0% O.OOE+O O.OOE+O 38. 38. 100% 
20 Hay 1986 O.OOE+O 0% 0.000E+O 0% O.OOE+O O.OOE+O 45. 45. 100% 
21 May 1986 7.38E-3 0% 4.783E-2 648% 3.1OE-1 O.OOE+O 42. 42. 100% 
22 May 1986 3.35E-2 OX 2.247E-1 671% 1.51E+O O.OOE+O 45. 44. 98% 
23 May 1986 6.31E-2 OX 3.065E-1 486% 2.01E+O O.OOE+O 47. 46. 98% 
24 May 1986 3.14E-2 0% 1.822E-1 581% 1.19E+O O.OOE+O 43. 42. 98% 
25 May 1986 8.64E-2 0% 5.110E-1 592% 3.02E+O O.OOE+O 35. 34. 97% 
26 May 1986 9.10E-2 0% 5.415E-1 595% 3.58€+0 O.OOE+O 44. 43. 98% 
27 May 1986 5.63E-1 0% 1.058E+O 188% 3.35E+O O.OOE+O 22. 17. 77% 
28 May 1986 1.07E-1 0% 6.344E-1 594% 4.15E+O O.OOE+O 43. 42. 98% 
29 Mav 1986 O.OOE+O OX 0.000E+O O.OOE+O O.OOE+O 46. 46. 100% 
Sumnary 7.16E-2 0% 4.650E-1 649% 4.18E+O O.OOE+O 658. 643. 98% 

Hexane - I R T  ( R a t s )  
Hexane - Room 

Mean & S t a n d a r d  D e v i a t i o n  
From 13 May 1986  t h r o u g h  29  May 1986 

6." 
0@ \. 

A 

E 
a 
P 
w 

C 
0 .- 
+' 
ld 
L 
+' 
C 
al 
0 
C 
0 
0 

- 
0." 4 

0' \3 
4 +*+ 4 4 +*-' 4- c*+ +*+ 

\" \' \- %' 4' %. Q 2. 

1 , :  ! I I I I 
1 
I 1 

> 
0 0 

P .J 
U) 

j 



n-Hexane Rat Teratology Study 
Appendix B - Exposure 

Oai l v  Sumnation For Hexane - I R T  (Rats) From 13 Mav 1986 throuoh 29 Mav 1986 
Sumnary Data fo r :  Hexane -Standard Gas/Concentratlon 9.00E+Z t o  l.lOE+3 
Date Mean X Tarqet Std Oev % RSD Maximum Minimum N N i n  X N i n  

13 May 1986 l.O2E+3 102% 1.586€+0 0% 1.02E+3 1.01€+3 32. 32. 100% 
14 May 1986 9.51€+2 95% 2.185€+2 23% 1.02€+3 6.96€+0 31. 28. 9 0% 
15 May 1986 1.04E+3 104% 6.828€+0 1% 1.04€+3 1.01€+3 36. 36. 100% 
16 May 1986 1.05E+3 105% 1.426€+1 1% l.lOE+3 1.03E+3 31. 31. 100% 
17 May 1986 1.02E+3 102% 1.157€+0 0% 1.03€+3 1.02E+3 35. 35. 100% 
18 May 1986 1.03€+3 103% 1.626E+1 2% l.O5E+3 1.OOE+3 39. 39. 100% 
19 May 1986 1.03E+3 103% 9.719E-1 0% 1 .O3E+3 1.03€+3 39. 39. 100% 
20 May 1986 1.03€+3 103% 8.985E-1 0% 1 .O3E+3 1.03E+3 43. 43. 100% 
21 May 1986 1.03€+3 103% 1.328€+1 1% 1.03€+3 9.92€+2 39. 39. 100% 
22 May 1986 9.85€+2 98% 1.247€+1 1% 1.02E+3 9.58€+2 43. 43. 100% 
23 May 1986 1.01E+3 101% 1.252E+1 1% 1.02€+3 9.88E+2 44. 44. 100% 
24 May 1986 1.02£+3 102% 1.716E+O 0% 1.02£+3 1.01E+3 39. 39. 100% 
25 May 1986 9.02€+2 90% 3.243E+2 36% 1.02E+3 8.87E+0 35. 31. 89% 
26 May 1986 1.02E+3 102% 1.826€+0 OX 1.03€+3 1.01E+3 39. 39. 100% 
27 May 1986 9.70€+2 97% 2.204€+2 23% l.O5E+3 1.57€+1 21. 20. 9 5% 
28 May 1986 1.01E+3 101% 1.637€+1 2% 1.03€+3 9.95€+2 49. 49. 100% 
29 Mav 1986 9.97€+2 100% 2.761€+1 3% 1.05€+3 9.63£+2 44. 44. 100% 
Sumnary l.O1E+3 101% l.O31E+2 10% l.lOE+3 6.96€+0 639. 631. 99% 

Hexane - I R T  ( R a t s )  
Hexane - Standard  Gas 

Mean & Standard  D e v i a t i o n  
From 13 May 1986 through 29 May 1986 
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n-Hexane Rat' Teratology Study 
Appendix B - Exposure 

O a i l v  Sumnation For Hexane - I R T  (Rats) From 13 May 1986 th rough 29 Mav 1986 
Sumnary Data f o r :  Hexane - 0 ppm-R/M/Exhaust A i r  Flow 12.0 t o  18.0 
Date Mean % Tarqet Std Dev % RSO Maximum Minimum N N i n  % N i n  
13 May 1986 15.0 100% .09 1% 15.1 14.9 5. 5. 100% 
14 May 1986 15.2 101% .21 1% 15.4 14.9 5. 5. 100% 
15 Hay 1986 15.2 101% .04 0% 15.3 15.2 6. 6. 100% 
16 May 1986 15.1 101% .05 0% 15.2 15.1 6. 6. 100% 
17 May 1986 15.0 100% .16 1% 15.2 14.8 5. 5. 100% 
18 May 1986 14.8 99% .10 1% 15.0 14.7 6. 6. 100% 
19 May 1986 15.3 102% .46 3% 16.3 14.9 7. 7. 100% 
20 May 1986 15.2 101% .08 0% 15.3 15.1 7. 7. 100% 
21 May 1986 15.3 102% . I 0  1% 15.5 15.2 6. 6. 100% 
22 May 1986 14.3 95% .40 3% 15.2 14.1 7. 7 .  100% 
23 May 1986 14.1 94% .08 1% 14.2 14.0 7. 7. 100% 
24 May 1986 14.0 93% .04 0% 14.1 14.0 6. 6. 100% 
25 May 1986 14.0 93% 0.00 0% 14.0 14.0 7. 7. 100% 
26 May 1986 13.9 93% .05 0% 14.0 13.9 7. 7. 100% 
27 May 1986 13.9 93% .05 0% 14.0 13.9 7. 7 .  100% 
2 8 M a y 1 9 8 6  13.9 93% .08 1% 14.1 13.9 7. 7. 100% 
29 Mav 1986 14 .6  98% .34 2% 14.9 13.9 7 .  7. 100% 
S u m r y  14.6 97% .58 4% 16.3 13.9 108. 108. 100% 

Hexane - I R T  ( R a t s )  
Hexane - El ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 th r o u g h  29 May 1986 

0  - 
2%' 

n 

x 
0 -  

U q,@. 
w 

3 0 -  
0 ,*. - 
LL 

L .- 
0 -  

+J 
V) 

3 
tTJ 
I 0  - x \%. 

W 

0  - 
.?' 

Q-. 
B' 

5 
II C 

rn 

U: 

+ - + + + t + +  
+ + - -  . . - t  

t i t  
>. 

F 

U) 3 

I I I I I I I I I 1 I I I I I I 

4 +-+ +*+ B 8 .p4 P4 +*+ P+ 
\? \* \' \% -i\ 27 %* c t9 



n-Hexane Rat Teratology Study 
Appendix B - Exposure 

O a i l v  Sumnation For  Hexane - IRT (Rats )  From 13 Mav 1986 throuoh 29 Mav 1986 
Sumnary Oata f o r :  Hexane - 200 ppm-R/M/Exhaust A i r  Flow 12.0 t o  18.0 
Date Mean :! Tarqet S t d  Oev X RSD Maximum Pinimum N N i n  X N i n  
13 May 1986 15.1 101% .12 1% 15.3 15.0 5.  5. 100% 
14 May 1986 14.6 97% .25 2% 15.0 14.3 5. 5. 100% 
15 May 1986 14.9 99% .86 6% 16.1 14.1 6. 6. 100% 
16 May 1986 15.1 101% .59 4% 15.7 14.6 6.  6. 100% 
17 May 1986 15.6 104% .10 1% 15.7 15.5 6.  6. 100% 
18 May 1986 15.2 101% .07 OX 15.3 15.1 7. 7 .  100% 
19 Hay 1986 15.6 104% .18 1% 15.7 15.2 7. 7. 100% 
20 May 1986 15.7 105% .07 0% 15.8 15.6 7 .  7 .  100% 
2 1  May 1986 14.7 98% .08 1% 14.8 14.6 7. 7. 100% 
22 May 1986 13.3 89% .76 6% 14.8 12.6 7. 7. 100% 
23 May 1986 14.3 95% 1.45 10% 15.3 11.9 7. 6. 86% 
24 May 1986 15.1 101% .24 2% 15.2 14.6 6. 6. 100% 
25 May 1986 15.1 101% .18 1% 15.2 14.7 7. 7. 100% 
26 May 1986 15.1 101% .09 1% 15.2 15.0 7. 7. 100% 
27 May 1986 15.0 100% .19 1% 15.2 14.6 7 .  7 .  lOOX 
2 8 M a y 1 9 8 6  15.1 100% .13 1% 15.3 15.0 7. 7. 100% 
29 Mav 1986 15.4 103% .33 2% 15.8 1 5 . 1  7 .  7 .  100% 
Sumnary 15.0 100% .73 5% 16.1 11.9 111. 110. 99% 

Hexane - I R T  ( R a t s )  
Hexane - 200  ppm-R IM 

Mean & S t a n d a r d  D e v i a t i o n  
From 13 May 1986 t h r o u g h  29 May 1986 
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n-Hexane Rat Tera to logy  Study 
Appendix B - Exposure 

Dai lv  Sumnation For Hexane - IRT (Rats) From 13 Mav 1986 throuqh 29 Mav 1986 
Sumnary Data f o r :  Hexane -1000 ppm-R/M/Exhaust A i r  Flow 12.0 t o  18.0 
Date Mean % Tarqet Std Oev % RSO Maximum Minimum N N i n  % N i n  

13 May 1986 14.8 99% 1.56 11% 16.6 12.5 5. 5. 100% 
14 May 1986 14.9 99% 1.14 8% 16.8 13.8 5. 5. 100% 
15 May 1986 15.2 101% .66 4% 15.8 14.0 6. 6.  100% 
16 May 1986 14.4 96% 1.26 9% 15.8 12.8 6. 6. 100% 
17 Hay 1986 14.2 95% 1.35 9% 15.8 12.7 6. 6. 100% 
18 May 1986 13.9 93% 1.32 10% 15.7 12.5 7. 7. 100% 
19 May 1986 14.4 96% 1.42 1 0% 16.5 13.0 7. 7. 100% 
20 Hay 1986 14.3 96% 1.34 9% 16.1 12.5 7. 7 .  100% 
21 May 1986 14.9 99% 1.71 11% 16.7 13.0 7. 7. 100% 
22 Hay 1986 14.0 94% 1.38 10% 16.2 12.9 - 7. 7 .  100% 
23 May 1986 13.8 92% 1.25 9% 15.7 12.7 7. 7. 100% 
24 May 1986 14.0 93% 1.58 11% 16.2 12.6 6. 6. 100% 
25 May 1986 13.4 89% .67 5% 14.7 12.6 7. 7 .  100% 
26 May 1986 14.4 96% 1.83 13% 16.3 12.4 7. 7. 100% 
27 May 1986 14.9 99% .96 6% 15.5 12.7 7. 7. 100% 
28 May 1986 14.3 95% 2.42 17% 16.9 10.9 7. 5. 71% 
2 9 M a v 1 9 8 6  14.1 94% 2.51 18% 16.9 12.0 7. 7 .  100% 
Sumnary 14.3 96% 1.48 10% 16.9 10.9 111. 109. 98% 

Hexane - I R T  ( R a t s )  
Hexane -1800 pprn-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
From 13 May 1986 t h r o u g h  29  May 1986 
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n-Hexane Rat Teratology Study 
Appendix B - Exposure 

Oai l v  Sumnation For Hexane - I R T  ( R a t s )  From 13 Mav 1986 throuqh 29 Mav 1986 

Sumnary Data for :  Hexane -5000 ppm-R/H/Exhaust A i r  Flow 12.0 t o  18.0 
Oate Mean % Tarqet Std Oev % RSO Maximum Minimum N N i n  % N i n  
13 May 1986 14.6 97% .77 5% 15.3 13.3 5. 5. 100% 
14 May 1986 14.4 96% .71 5% 14.9 13.2 5. 5. 100% 
15 May 1986 15.1 101% .37 2% 15.4 14.4 6. 6. 100% 
16 May 1986 15.4 102% .27 2% 15.7 15.1 6. 6. 100% 
17 May 1986 15.1 101% .05 OX 15.2 15.1 6. 6. 100% 
18 May 1986 15.6 104% .21 1% 15.8 15.2 6. 6. 100% 
19 May 1986 15.5 104% .20 1% 15.7 15.1 7. 7. 100% 
20May1986  15.7 104% .05 OX 15.7 15.6 7. 7. 100% 
21 May 1986 15.8 105% .12 1% 15.9 15.6 6. 6. 100% 
22 May 1986 15.4 102% .27 2% 15.6 14.8 7. 7. 100% 
23 Hay 1986 15.2 102% .30 2% 15.5 14.7 7. 7. 100% 
24 May 1986 15.3 102% .08 1% 15.4 15.2 6. 6. 100% 
25 Hay 1986 15.2 101% .19 1% 15.5 15.0 7. 7. 100% 
26 May 1986 15.0 100% .09 1% 15.1 14.9 7. 7. 100% 
27 May 1986 15.4 102% .24 2% 15.5 15.0 7. 7. 100% 
28 May 1986 15.5 104% .13 1% 15.7 15.4 7. 7. 100% 
29 Mav 1986 15.3 102% .19 1% 15.6 15.1 7 .  7 .  100% 
Sumnary 15.3 102% .42 3% 15.9 13.2 109. 109. 100% 

I 

Hexane - I R T  ( R a t s )  
Hexane -5000 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  2 9  May 1986 

8 - 2%' 

E 
L c b -  u ,a- 
V 

3 a- 
0 ,*. - 
LL 

L 
.- 

a . . - I  
+' 
V) 
3 
m 
I 0 - 
x '2' 

W 

'3 - 
.?' 

8 

> 
U 0 

-0 
.a 
U1 

1 

t t -  t t - +  
+ + +  + + i + t i 5  

1 x ... C 
F 

3 In 

I I I I a I I I I I I I I I I I I 

*. .<i -. p-' +*+ <.*4 +*+ +*+ 4 +'\ +f\ 

-? . .9 \' .e 2' C O 2' TO' 



n-Hexane Rat Teratology Study 
Appendix B - Exposure 

Dailv Sumnation For Hexane - IRT (Rats) From 13 May 1986 throuqh 29 May 1986 
Sumnary Data for: Hexane - 0 ppm/Holdl/Exhaust Air Flow 12.0 to 18.0 
Date Mean X Target Std Dev % US0 Maximum Minimum N N in % N in 

13 Hay 1986 15.3 102% .09 1% 15.5 15.3 5. 5. 100% 
14 May 1986 15.3 102% .07 0% 15.4 15.2 5. 5. 100% 

15 May 1986 15.3 102% .20 1% 15.7 15.2 6. 6. 100% 
16 May 1986 
17 May 1986 
18 May 1986 
19 May 1986 
20 May 1986 
21 May 1986 
22 May 1986 
23 May 1986 
24 May 1986 
25 May 1986 
26 May 1986 
27 May 1986 
28 May 1986 

29 Mav 1986 
Sumnary 15.3 102% .13 1% 15.7 15.2 16. 16. 100% 

Hexane - I R T  ( R a t s )  
Hexane - 0 p p m / H o l d l  

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  29 May 1986 
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n-Hexane Rat Teratology Study 
Appendix B - Exposure 

Dai lv  Sumnation For Hexane - IRT (Rats) From 13 Mav 1986 throuqh 29 May 1986 
S u m r y  Data for: Hexane - 0 ppm/Hold2/Exhaust A i r  Flow 12.0 t o  18.0 
Date Mean % Taraet Std Dev X RSO Maximum Minimum N N i n  X N i n  

13 May 1986 15.1 100% .33 2% 15.4 14.7 5. 5. 100% 
14 May 1986 14.8 99% .07 0% 14.9 14.7 5. 5. 100% 
15 May 1986 15.3 102% .63 4% 16.2 14.8 6. 6. 100% 

16 May 1986 
17 May 1986 
18 May 1986 
19 May 1986 
20 May 1986 
21 May 1986 

22 May 1986 
23 May 1986 
24 May 1986 
25 May 1986 

26 Hay 1986 
27 May 1986 
28 May 1986 
29 Mav 1986 

Sumnary 15.1 100% .46 3% 16.2 14.7 16. 16. 100% 

Hexane - I R T  ( R a t s )  
Hexane - 0 ppm/Hold2 

Mean & S t a n d a r d  D e v i a t i o n  
From 13 May 1986 t h r o u g h  2 9  May 1986 
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n-Hexane Rat Teracology Stc5y  
~ppendix B - Exposure 

O a i l v  Sumnation For Hexane - IRT (Rats )  From 13 Mav 1986 th rough 29 Mav 1986 
Sumnary Data f o r :  Hexane - 0 ppm-R/M/Relative Humrdi ty 40.0 t o  70.0 
Date Mean % Taraet S td  Dev % RSO Maximum Minimum N N i n  % N i n  
13 May 1986 63.5 115% 4.12 6% 69.0 59.0 4. 4. 100% 
14 May 1986 62.4 113% 4.16 7% 68.0 58.0 5. 5. 100% 
15 May 1986 64.5 117% 2.95 5% 68.0 60.0 6. 6. 100% 
16 May 1986 65.0 118% 2.24 3% 68.0 62.0 5. 5. 100% 
17 May 1986 67.8 123% 3.92 6% 72.0 62.0 6. 5. 83% 
18 May 1986 65.6 119% 2.82 4% 71.0 63.0 7. 6. 86% 
19 May 1986 68.0 124% 1.79 3% 71.0 66.0 6. 5. 83% 
20 May 1986 59.3 108% 3.04 5% 63.0 54.0 7. 7. 100% 
2 1 M a y 1 9 8 6  52.9 96% 4.30 8% 58.0 45.0 7. 7. 100% 
22 May 1986 44.0 80% 3.00 7% 48.0 40.0 7. 7. 100% 
23 May 1986 55.1 100% 5.46 10% 60.0 46.0 7. 7. 100% 
24 May 1986 55.8 102% 2.64 5% 59.0 52.0 6. 6. 100% 
25 May 1986 54.5 99% 5.82 11% 60.0 47.0 6.  6. 100% 
26 May 1986 55.9 102% 5.05 9% 62.0 50.0 7. 7. 100% 
27 May 1986 54.0 98% 8.25 15% 61.0 43.0 6. 6. 100% 
28 May 1986 53.0 96% 3.70 7% 57.0 47.0 7. 7. 100% 
29 Mav 1986 48.7 89% 2.43 5% 51.0 44.0 7. 7 .  100% 
Sumnary 57.7 105% 7.85 14% 72.0 40.0 106. 103. 97% 

Hexane  - I R T  ( R a t s )  
Hexane  - 0 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F rom 13 May 1986 t h r o u g h  29 May 1986 
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z-Fiexane Rat Teratology StuCy 
Appendix B - Ex7osure 

Oai lv  Sunmation F o r  Hexane - IRT (Rats) From 13 Mav 1986 t h r o u q h  29 May 1986 
Sumnary Data f o r :  Hexane - 200 ppm-R/M/Relative Humidity 40.0 t o  70.0 
Date Mean % Tarqet Std Oev % RSO Maximum Minimum N N i n  X N i n  
13 May 1986 54.0 98% 1.83 3% 56.0 52.0 4. 4. 100% 
14 May 1986 51.4 93% 2.70 5% 54.0 48.0 5. 5. 100% 
15 May 1986 53.8 98% 3.43 6% 59.0 49.0 6. 6. 100% 
16 May 1986 51.7 105% 4.23 7% 62.0 52.0 7. 7. 100% 
17May1986  59.3 108% 3.98 7% 63.0 53.0 6. 6. 100% 
18 May 1986 59.0 107% 2.58 4% 62.0 55.0 7. 7. 100% 
19May1986  56.8 103% 2.23 4% 59.0 54.0 6. 6. 100% 
20 May 1986 53.6 97% 2.82 5% 58.0 50.0 7. 7. 100% 
21 May 1986 51.3 93% 2.69 5% 55.0 47.0 7. 7. 100% 
22 May 1986 53.0 96% 4.00 8% 57.0 48.0 7. 7. 100% 
23 May 1986 52.3 95% 4.61 9% 57.0 46.0 7. 7. 100% 
24 May 1986 53.2 97% 3.31 6% 57.0 48.0 6. 6. 100% 
25 May 1986 50.2 91% 5.71 11% 56.0 43.0 6. 6. 100% 
26May1986 54.3 99% 4.39 8% 61.0 47.0 7. 7. 100% 
27 May 1986 49.3 90% 6.56 13% 55.0 40.0 6. 6. 100% 
28 May 1986 50.9 92% 1.57 3% 53.0 48.0 7. 7. 100% 
29 May 1986 49.9 91% 1.86 4% 53.0 47.0 7 .  7 .  100% 
S u m r y  53.5 97% 4.58 9% 63.0 40.0 108. 108. 100% 

Hexane  - I R T  ( R a t s )  
Hexane  - 200  ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  29 May 1986 
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n-Hexane Rat  T e r a c c l o q y  S t u d y  
Appendix B - Expcsuze 

Oai lv  Sumnation For Hexane - I R T  (Rats1 From 13 May 1986 throuqh 29 May 1986 
Sumnary Data f o r :  Hexane -1000 ppm-R/M/Relative Humidity 40.0 t o  70.0 
Date Mean X Tarqet Std Oev % RSO Maximum Minimum N N i n  % N i n  
13 May 1986 56.5 103% 1.91 3% 59.0 55.0 4. 4. 100% 
14 May 1986 57.0 104% 2.35 4% 59.0 53.0 5. 5. 100% 
15 May 1986 57.8 105% 3.06 5% 61.0 52.0 6. 6. 100% 
16 May 1986 60.5 110% 3.33 6% 65.0 57.0 6. 6. 100% 
17 May 1986 61.3 112% 3.83 6% 65.0 56.0 6. 6. 100% 
18 May 1986 63.6 116% 4.54 7% 69.0 59.0 7. 7. 100% 
19 May 1986 56.2 102% 2.56 5% 59.0 53.0 6. 6. 100% 
20 May 1986 55.7 101% 2.36 4% 59.0 52.0 7. 7. 100% 
21 May 1986 52.6 96% 3.26 6% 56.0 46.0 7. 7. 100% 
22 May 1986 51.3 93% 3.20 6% 54.0 46.0 7. 7. 100% 
23 May 1986 53.1 97% 3.72 7% 57.0 47.0 7. 7. 100% 
24 May 1986 54.3 99% 2.07 4% 56.0 51.0 6. 6. 100% 
25 May 1986 52.0 95% 4.69 9% 58.0 44.0 6. 6. 100% 
26 May 1986 54.7 99% 5.09 9% 62.0 48.0 7. 7. 100% 
27 May 1986 51.0 93% 7.54 15% 58.0 40.0 6. 6. 100% 
28 May 1986 52.6 96% 2.51 5% 56.0 49.0 7. 7. 100% 
29 Mav 1986 47.6 86% 2.30 5% 52.0 45.0 7. 7. 100% 
Sumnary 55.0 100% 5.33 10% 69.0 40.0 107. 107. 100% 

Hexane - I R T  ( R a t s )  
Hexane -1Q00 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  29 May 1986 
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n-Xexane Rat Tera to logy  Study 
Appendix B - Exposure 

D a i l v  Sumnation For Hexane - I R T  (Rats) From 13 Mav 1986 throuqh 29 May 1986 
Sumnary Data f o r :  Hexane -5000 ppm-R/M/Relative Humidity 40.0 t o  70.0 
Date Mean X Taraet Std Dev X RSD Maximum Minimum N N i n  X N i n  
13 May 1986 53.2 97% 4.99 9% 60.0 49.0 4. 4. 100% 
14 May 1986 54.6 99% 2.97 5% 58.0 51.0 5. 5. 100% 
15 May 1986 56.2 102% 3.13 6% 60.0 52.0 6. 6. 100% 
16 May 1986 58.8 107% 1.48 3% 61.0 57.0 5. 5. 100% 
17 May 1986 61.2 111% 2.64 4% 64.0 57.0 6. 6. 100% 
18 May 1986 59.0 107% 2.16 4% 63.0 56.0 7. 7. 100% 
19 May 1986 57.0 104% 1.79 3% 59.0 54.0 6. 6. 100% 
20 May 1986 59.6 108% 1.72 3% 62.0 57.0 7. 7 .  100% 
21 May 1986 55.3 101% 2.87 5% 60.0 51.0 7. 7. 100% 
22 May 1986 54.3 99% 2.50 5% 58.0 51.0 7. 7. 100% 
23 May 1986 56.1 lOTn 3.13 6% 59.0 51.0 7. 7. 100% 
24 May 1986 55.0 100% 2.10 4% 57.0 51.0 6. 6. 100% 
25 May 1986 53.0 96% 4.29 8% 58.0 47.0 6. 6. 100% 
26 May 1986 56.0 102% 6.11 11% 65.0 47.0 7. 7. 100% 
27 May 1986 53.0 96% 7.07 13% 59.0 43.0 6. 6. 100% 
28 May 1986 54.1 98% 1.68 3% 56.0 52.0 7. 7. 100% 
29 Mav 1986 50.7 92% 2.75 5% . 5 3 . 0  45.0 7. 7. 100% 
Sumnary 55.7 101% 4.15 7% 65.0 43.0 106. 106. 100% 

Hexane  - I R T  ( R a t s )  
Hexane  -5000 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  2 9  May 1986 
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n-Hexane Rat  T e r a t o l o g y  S tudy  
Appendix B - Exposure 

Da i l v  Sumnation For Hexane - I R T  (Rats) From 13 Mav 1986 throuqh 29 May 1986 
Sumnary Data fo r :  Hexane - 0 ppm/Holdl/Relative Humidity 40.0 t o  70.0 
Date Mean % Tarqet S td  Dev X RSO Maximum Minimum N N i n  X N i n  
13 May 1986 53.5 97% 2.08 4% 56.0 51.0 4. 4. 100% 
14 May 1986 53.0 96% 4.06 8% 57.0 47.0 5. 5. 100% 
15 May 1986 51.3 93% 3.44 7% 56.0 48.0 6. 6. 100% 
16 May 1986 
17 May 1986 
18 May 1986 
19 May 1986 
20 May 1986 
21 May 1986 
22 May 1986 
23 May 1986 
24 May 1986 
25 May 1986 
26 May 1986 
27 May 1986 
28 May 1986 
29 May 1986 
Sumnary 52.5 95% 3.29 6% 57.0 47.0 15. 15. 100% 

Hexane - I R T  ( R a t s )  
Hexane - 0 p p m / H o l d l  

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  29 May 1986 
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n-Hexane Rat Teratology Scudy 
Appendix B - Exposure 

Dai lv  Sunmation For Hexane - IRT (Rats1 From 13 Mav 1986 throuoh 29 May 1986 
Sumnary Data for: Hexane - 0 ppm/Hcld2/Relative Humidity 40.0 to 70.0 
Date Mean X Target Std Dev X RSD Maximum Minimum N N i n  X N i n  
13 May 1986 53.2 97% .96 2% 54.0 52.0 4. 4. 100% 
14 Hay 1986 54.0 98% 4.74 9% 59.0 48.0 5. 5. 100% 
15 May 1986 53.2 97% 3.13 6% 57.0 50.0 6. 6. 100% 

16 Hay 1986 

17 May 1986 
18 May 1986 
19 May 1986 
20 May 1986 
21 May I986 
22 May 1986 
23 May 1986 
24 May 1986 
25 May 1986 
26 May 1986 

27 May 1986 
28 May 1986 
29 Mav 1986 
S u m r y  53.5 97% 3.20 6% 59.0 48.0 15. 15. 100% 

Hexane - I R T  ( R a t s )  
Hexane - 0 ppm/Hold2 

Mean & S t a n d a r d  Dev i  a t  i o n  
F r o m  13 May 1986 t h r o u g h  2 9  May 1986 

0 - 
8' 

CI 
0 - 

'3' 

X ,0? 
- 

4 
.- 
u 
.- 
E 
3 
I 

P, + ? - +  
> .- 
c, 
a - 
al 
II! 

0 - 
6' 

0 - 
4"' 

8 

> . 0 

0 " 
"l 1 l 1; 
F 

3 
m 

I I I I I I I I 1 I I I # I I r I 

'0. +*\ +-+ +** +*+ < " +*+ 4 4 +;' 

\' .t, \' \9 2' C 23 C ?? 



n-Hexane R a t  Teratology Study 
Appendix B - Exposure 

O a i l v  Sumnation For Hexane - IRT (Rats )  From 13 May 1986 th rouqh 29 May 1986 
Sumnary Data f o r :  Hexane - 0 ppm-RIMfTemperature 72.0 t o  78.0 
Date Mean % Taraet S td  Dev % RSO Maximum Minimum N N i n  % N i n  

13 May 1986 72.3 96% .51 1% 73.1 71.7 5. 4. 8 OX 
14 May 1986 73.6 98% .55 1% 74.2 73.0 5. 5. 100% 
15 May 1986 74.8 100% .55 1% 75.4 73.9 6. 6. 100% 
16 May 1986 74.8 100% .59 1% 75.6 74.0 5. 5. 100% 
17 May 1986 74.5 99% .22 0% 74.8 74.3 6 .d 6. 100% 
18 May 1986 75.6 101% .47 1% 76.2 74.9 7. 7. 100% 
19 May 1986 74.0 99% .51 1% 74.7 73.3 6. 6. 100% 
20 May 1986 74.0 99% .42 1% 74.4 73.3 6. 6. 100% 
2 1  May 1986 73.9 98% .64 1% 74.6 72.7 7. 7. 100% 
22 May 1986 75.2 100% .63 1% 75.8 74.0 6. 6. 100% 
23 May 1986 74.3 99% .68 1% 75.2 73.1 7. 7. 100% 
24 May 1986 74.2 99% .47 1% 74.6 73.6 7. 7. 100% 
25 May 1986 75.0 100% .51 1% 75.5 74.2 6. 6. 100% 
26 May 1986 75.1 100% .46 1% 76.1 74.8 7. 7. 100% 
27 May 1986 74.2 99% .96 1% 74.9 72.1 7. 7. 100% 
28 May 1986 73.5 98% .49 1% 73.9 72.5 7. 7. 100% 
29 Mav 1986 72.9 97% .31 OX 73.4 72.5 6. 6. 100% 
Sumnary 74.2 99% .95 1% 76.2 71.7 106. 105. 99% 

Hexane - I R T  ( R a t s )  
Hexane - 0 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  29 May 1986 
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n-Hexane Rat Tgratology Study 
Appendix B - Exposure 

Dai lv  Sumnation For Hexane - IRT (Rats) From 13 Mav 1986 throuah 29 Mav 1986 
Sumnary Data fo r :  Hexane - 200 ppn-R/M/Temperature 72.0 t o  78.0 
Date Mean % Target Std Dev % RSO Maximum Minimum N N i n  % N i n  

13 May 1986 74.4 99% .58 1% 75.3 73.7 5. 5. 100% 
14 May 1986 75.9 101% .62 1% 76.6 75.2 5. 5. 100% 
15 May 1986 76.5 102% .57 1% 77.0 75.4 6. 6. 100% 
16 May 1986 76.5 102% .88 1% 77.4 75.5 5. 5. 100% 
17 May 1986 76.7 102% .43 1% 77.1 75.9 6. 6. 100% 
18 May 1986 77 .1  103% .37 0% 77.4 76.5 7. 7. 100% 
19 May 1986 75.5 101% .34 0% 76.1 75.1 6. 6. 100% 
20 May 1986 76.4 102% .50 1% 77.0 75.6 6.  6. 100% 
2 1  May 1986 76.6 102% .93 1% 77.4 74.7 7. 7. 100% 
22 May 1986 76.8 102% .45 1% 77.4 76.1 6. 6.  100% 
23 May 1986 76.4 102% .67 1% 77.2 75.6 7. 7. 100% 
24 May 1986 76.1 101% .72 1% 77.1 75.0 7. 7. 100% 
25 May 1986 76.7 102% .54 1% 77.2 75.8 6. 6. 100% 
26 May 1986 77.1 103% .75 1% 78.3 76.1 7. 6. 8 6% 
27 May 1986 75.9 101% .89 1% 76.7 74.0 7. 7. 100% 
28 May 1986 75.3 100% .48 1% 75.9 74.5 7. 7. 100% 
29 Mav 1986 73.9 99% .40 1% 74.5 73.3 6. 6. 100% 
Sumnary 76.1 102% 1.03 1% 78.3 73.3 106. 105. 99% 

Hexane - I R T  ( R a t s )  
Hexane - 200 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  29 May 1986 
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O a i l v  Sumnation For Hexane - IRT (Rats )  From 13 May 1986 th rouoh 29 May 1986 
Sumnary Data f o r :  Hexane -1000 ppm-RJMJTemperature 72.0 t o  78.0 
Date Mean X Tarqet S td  Oev X RSO Maximum Minimum N N i n  X N i n  
13 May 1986 75.6 101% .81 1% 76.6 74.5 5. 5. 100% 
14 May I 9 8 6  76.8 102% .77 1% 77.9 76.1 5 .  5. 100% 
15 May 1986 78.1 104% .54 1% 78.7 77.2 6. 2. 33% 
16 May 1986 77.8 104% .36 0% 78.4 77.5 5. 4. 80% 
17 May 1986 78.2 104% .49 1% 78.7 77.5 6. 2. 33% 
18 May 1986 78.5 105% .61 1% 79.2 77.8 7. 3. 43% 
19 May 1986 77.0 103% .52 1% 77.6 76.1 6. 6. 100% 
20 May 1986 77.3 103% .69 1% 78.0 76.5 6. 6. 100% 
21 May 1986 76.1 101% .77 1% 77.2 74.9 7. 7. 100% 
22 May 1986 76.6 102% .28 0% 76.9 76.3 6. 6. 100% 
23 May 1986 76.3 102% 1.03 1% 77.5 74.5 7. 7. 100% 
24 May 1986 76.6 102% .48 1% 77.2 76.1 7. 7. 100% 
25 May 1986 77.2 103% .57 1% 78.1 76.4 6. 5. 83% 
26 May 1986 77.2 103% .95 1% 78.9 76.2 7. 6. 86% 
27 May 1986 76.1 102% .90 1% 77.4 74.4 7. 7. 100% 
28 May 1986 75.5 101% 1.12 1% 77.1 73.8 7. 7. 100% 
29 Mav 1986 74.6 100% .71 1% 75.5 73.6 6 .  6. 100% 
Sumnary 76.8 102% 1.21 2% 79.2 73.6 106. 91. 8 6% 

Hexane - I R T  (Rats) 
Hexane -1QQB ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  29 May 1986 
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O a i l v  Sumnation For  Hexane - IRT (Rats )  From 13 May 1986 t h r o u q h  29 Mav 1986 
Sunnary Oata f o r :  Hexane -5000 ppm-RIMlTemperature 72.0 t o  78.0 
Date Mean % Tarqet S t d  Oev % RSO Maximum Minimum N N i n  % N i n  

13 May 1986 73.9 99% .59 1% 74.7 73.3 5. 5. 100% 
14 May 1986 74.3 99% .47 1% 74.9 73.6 5. 5. 100% 
15 May 1986 75.8 101% .53 1% 76.4 75.1 6. 6. 100% 
16 May 1986 75.4 101% .40 1% 75.8 74.9 5. 5. 100% 
17 May 1986 76.0 101% .49 1% 76.9 75.6 6. 6. 100% 
18 May 1986 76.2 102% .28 0% 76.6 75.8 7. 7. 100% 
19 May 1986 74.9 100% .45 1% 75.2 74.2 6. 6. 100% 
2 0 M a y 1 9 8 6  74.8 100% .35 0% 75.2 74.2 6. 6. 100% 
21 May 1986 74.7 100% .49 1% 75.3 73.8 7. 7. 100% 
22 May 1986 75.0 100% .32 OX 75.5 74.7 6. 6. 100% 
23 May 1986 75.0 100% .61  1% 75.8 74.2 7. 7. 100% 
24 May 1986 75.2 100% .SO 1% 76.1 74.5 7. 7. 100% 
25 May 1986 75.9 101% .62 1% 76.8 75.1 6. 6. 100% 
26 May 1986 76.1 102% .40 1% 76.9 75.7 7. 7. 100% 
27 May 1986 74.9 100% -83 1% 75.6 73.1 7. 7. 100% 
28 May 1986 74.5 99% .38 1% 75.0 73.8 7. 7. 100% 
29 Mav 1986 74 .1  99% .Z8 0% 74.4 73.8 6.  6. 100% 
Sumnary 75.1 100% .81 1% 76.9 73.1 106. 106. 100% 

Hexane - I R T  ( R a t s )  
Hexane -5888 ppm-R/M 

Mean & S t a n d a r d  D e v i a t i o n  
From 13 May 1986 t h r o u g h  2 9  May 1986 
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D a i l v  Sumnation For Hexane - IRT (Rats) From 13 May 1986 throuoh 29 May 1986 
Sumnary Data f o r :  Hexane - 0 ppm/Holdl/Temperature 72.0 t o  78.0 
Date Mean % Tarqet Std Dev X RSD Maximum Minimum N N i n  % N i n  
13May1986  77.2 103% .48 1% 77.7 76.5 5. 5. 100% 
14 May 1986 77.3 103% .38 OX 77.7 76.9 5. 5. 100% 
15 May 1986 75.2 100% .55 1X 75.9 74.3 6. 6. 100% 

16 May 1986 
17 May 1986 
18 May 1986 
19 Hay 1986 
20 May 1986 
21 May 1986 
22 May 1986 
23 May 1986 
24 May 1986 
25 May 1986 
26 May 1986 
27 May 1986 
28 May 1986 
29 Mav 1986 

Sumnary 76.5 102% 1.12 1% 77.7 74.3 16. 16. ioax 

Hexane - I R T  ( R a t s )  
Hexane - 8 p p m / H o l d l  

Mean 8 S t a n d a r d  D e v i a t i o n  
F r o m  13 May 1986 t h r o u g h  29 May 1986 
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Dailv Sumnation For Hexane - IRT !h ts) From 13 May 1986 throuah 29 Mav 1986 
Sumnary Data for: Hexane - 0 ppm/Hold2/Temperature 72.0 to 78.0 

Date Mean X Tarqet Std Dev X RSD Maximum Minimum N N in % N in 
13 May 1986 73.9 99% .42 1% 74.6 73.5 5. 5. 100% 
14 May 1986 77.0 103% .63 1% 78.0 76.4 5. 5. 100% 
15 May 1986 73.9 99% .95 1% 75.1 72.5 6. 6. 100% 
16 May 1986 
17 May 1986 
18 May 1986 
19 May 1986 
20 May 1986 
21 May 1986 
22 May 1986 
23 May 1986 
24 Hay 1986 
25 Hay 1986 
26 May 1986 
27 May 1986 
28 May 1986 

Hexane - I R T  ( R a t s )  
Hexane - 0 ppm/Hold2 

Mean & S t a n d a r d  D e v i  a t  i o n  
F r o m  13 May 1986 through 2 9  May 1986 
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I EXPOSURE OPERATION DISCUSSION SHEET 

I NCLUDES DISCUSSIONS AND/OR EXPLANATIONS OF PROBLEMS AFFECXING ANIMAL ENVIRONMENT 
1 AND EXPOSURES. EXPLANATIONS ARE INCLUDED FOR DATA IN WHICH THERE WERE EXCURSIONS 

I OF DAILY MEAN OR STANDARD DEVIATION BEYOND ALLOWABLE OPERATING LIMITS OR 
EXCURSIONS OF INDIVIDUAL DATUM BEYOND CRITlCAL LIMITS. 

I . STUDY: INHALATION REPRODUCTIVE TOXICOLOGY - n-HEXANE RAT TERATOLOGY 

REPORTING PERIOD: May 12 - 31,1986 
NOTE: 24 Hour Data Collection Period extends from -8:OO a.m. to -8:W a.m. 

COMPILED BY: DATE: 7 / / 1 % 

I CHAMBER CONCENTRATION 

I DATE D 3  
5/13/86 During the exposure period, concentration in the 200 ppm chamber (1 reading = 0.7 ppm) exceeded 

the lower critical operating S i t  (800 pprn). There was no indication of any problem and the next 
sample cycle showed the expected concentration level Although the daily mean was withm operating 
limits (mean = 191 ppm), the srandard deviation (362 ppm) exceeded the 21W0 requirement. No 
action was taken. 
Also during the exposure period, the 1000 pprn chamber (3 readings = 1234,1216, and i288 ppm) 
exceeded the upper critical operating limits (1200 pprn). Necessary adjustments were made to 
chamber dilution air flow to bring concentrations within specs. The daily mean and standard deviation 
were within operating Iimin (mean = 1020 + 100 pprn). 
The executive computer hung up at 01: 18 and failed to mgger the security den, consequently no one 
was contacted to correct the condition until staff anived later in the morning. No environmental or 
concentration data was collected until 06:46 when the problem was detected and corrected Also, 
because of the hangup, no control of chamber conditions was possible. The fmt  GC readings of 
concentration following correction of the computer problem were: 

200 pprn 1st reading = 201.9 pprn 
1000 pprn 1st reading = 1075 pprn 
5000 pprn 1st readrig = 53 13 pprn 

Since these readings are within 3% of the final GC readings taken before the computer hung up, it is 
reasonable to assume that the system ran stable for the intervening 5 1/2 hour penod The stabiiiry 
of the system operation can be confumed by mass balance measurements i.e. by subtracting the m s s  
of material consumed during monitoring periods from that consumed during the entire exposure 
perid 
During the exposure period, the 1000 pprn chamber (3 readings = 1307, 1293, and 1204 ppm) 
exceeded the upper critical operating limits (1200 ppm). Kecessary adjustments were made to 
chamber dilution air flow or chemical pump rate to bring concentrations within specs. 
At 2231 the executive computer hung up entering data from the CDS box Communication was 
restored at 00:13. No data collection or environmental conml.was possible during the intervenirig 1 
114 hours. All indications are that the exposure was stable during this period The first GC readings 
following resumption of data collection were: 

200 pprn 1st reading = 203.8 pprn 
1000 pprn 1st reading = 903.8 pprn 
5000 pprn 1st reading = 5135 pprn 

At 338 the executive computer alerted the specialist that the chamber concenuations in all chambers 
were exceeding the lower crirical operaang lirnirs. The specialist on call checked chemical pump rates 
and chamber airflows and found that chamber concenuations were w i h n  specs via mass balance 
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dctcnninations. Repeated mass balance determinations indicated that concenuations were close to 
specs. At 7 2 8  it was discovered that the sample flow rate to the GC was too low for correct 
readings. GC data for this period has been excluded from the daily summation and results of mass 
balance determinations wcre a&ied. 

5/15/86 During the exposure period, concentration in the 200 ppm chamber (1 reading = 275.7 ppm) and the 
1000 pprn chamber (1 reading = 1244 ppm) exceeded the upper critical operating limits (240 and 
1200 ppm respectively). Necessary adjusancnts were made to chamber dilution air flow or chemical 
pump rate to bring concentrations within specs. Daily means were unaffected. 
At M. 19 the executive computer hung up entaing data from the C D S  box. Communication was 
restored at 03:49. No data collection or environmental conaol was possible during the intervening 1 
1/2 hours. All indications are that the exposure was stable during this period The fmt  GC readmgs 
following resumption of data collection were: 

200 pprn 1st reading = 212.7 pprn 
1000 pprn 1st reading = 1030 pprn 
5000 pprn 1st reading - 4962 pprn 

At 0533 the executive computer again hung up entering data from the CDS box. Communication 
was r e s t o d  at 07:28. No data collection or environmental control was possible during the 
intevening 1 1R hours. All indications are that the exposure was stable during this penod The fust 
GC readings following resumption of data collection were: 

200 ppm 1st reading = 192.7 pprn 
1000 pprn 1st reading = 1008 pprn 
5000 pprn 1st reading - 4717 pprn 

5/16/86 The executive computer hung up at 0230 and failed to mgga  the security alert, consequently no one 
was contacted to correct the condition until st& arrived l a m  in the morning. No environmental or 
concentmion data was collected until 06:32 when the problem was detected and corrected Also, 
because of the hangup, no conuol of chamber conditions was possible. The f m t  GC readings of 
concentration following comction of the computer problem were: 

200 pprn 1st reading = 192.8 pprn 
1000 pprn 1st reading = 975.1 pprn 
5000 pprn 1st reading = 4753 pprn 

Since these readings are w i h  2% of the final GC readings before the computer hung up, it is 
reasonable to assume that the system ran stable for the inrervening 4 hour period. 

5/17/86 During the exposure pen@ concenuation in the 1000 ppm chamber (2 readings, 1251 and 13 18 
ppm) exceeded the upper critical operating limit (1200 ppm). Adjusunents were made to the chambe: 
dilution air flow and chemical pump rate to bring the concentration within specs. Daily mean and 
standard deviation were unaffected by the excursion. 
At 19:37 the executive computer hung up entering data from the CDS box Communication was 
restored at 21:Ol. No data collection or environmental control was possible during the intervening 1 
U2 hours. All indications are that the exposure was stable during thu period. Other comrnunicanon 
failures occurred at 2 4 2  (restored at 00:15) and 3:36 (restored at 5:04). From the first GC r e a h g s  
following restoration of communication, the system appears to have run stable during the 
intervening periods. 

5/18/86 At 19:20 the executive computer hung up entering data from the CDS box. Communication was 
restored at 20:14. No data collection or environmental control was possible during the intervening I 
hour. All indications are that the exposure was stable during this period. The fmt  GC readings 
following resumption of data collection were: 

200 pprn 1st reading = 207.8 pprn 
1000 pprn 1 st reading = 977.1 pprn 
5000 pprn 1st readmg = 51 10 pprn 

At 06:02 the executive computer again hung up. Data collection and exposure control was resumed at 
0651. 

5/19/86 The exposure was started 1 hour 13 minutes late due to the failure to properly seal a chamber 
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following animal care tasks. 
At 0515 the executive computer hung up while entering data from the CDS box. The condtion was 
not corrected until 0650. A11 indications ~IE that the exposure was stable during this pen& The first 
GC readings following resumption of data collection were: 

200 pprn 1st reading = 199.0 pprn 
1000 pprn 1st reading = 987.6 pprn 
5000 pprn 1st r e d n g  = 4970 pprn 

During the exposum period, 1 reading for the 1000 pprn chamber (1244 ppm) exceeded the upper 
critical operating limit (1200 pprn). The computer adjusted chamber air flow to increase dilution and 
bring the concmtration within bounds. 

5120186 At 0546 the executive computer hung up while entering data from the CDS box. The condition was 
not corrected until 0623. All indications are that the exposure was stable during this penod. The first 
GC readings following resumption of data collection wwe: 

200 pprn 1st reading = 199.8 pprn 
1000 pprn 1st reading = 967.8 pprn 
5000 pprn 1st readtng = 50 1 1 pprn 

5/21/86 At 0154 the executive computer hung up entering data from the CDS box. Communication was 
restored at 03:12. No data collection or environmental control was possible during the intervening 
1-114 hour. All indications are that the exposun: was stable during this period The fmt GC readings 
following resumption of data collection were: 

200 pprn 1st reading = 207.8 pprn 
1000 pprn 1st reading = 977.1 pprn 
5000 pprn 1st reading = 51 10 pprn 

32286 The exposure was started 1 hour 17 minutes late due m the failure to properly seal a chamber 
following animal w e  tasks. The computer will not allow exposures to begin until all chambers pass 
a leak test 

5/24/86 At 00:36 the executive computer hung up while entering data from the CDS box. The condition was 
not corrected until 0200. AU indications are that the exposure was stable during this period. The fxsr 
GC readings following resumption of data collection were: 

200 pprn 1st reading = 203.2 pprn 
1000 pprn 1st reading = 1014 pprn 
5000 pprn 1st reading = 4947 pprn 

At 06:00 the executive computer again hung up while entering data from the CDS box. The 
condition was not corrected until 07:20. All indications are that the exposure was stable during this 
period The first GC readings following resumption of data collection were: 

200 pprn 1st reading - 203.7 pprn 
1000 pprn 1st reabng = 996.9 pprn 
5000 pprn 1st reading = 4974 pprn 

5/25/86 The start of exposures was delayed - 3 hours because of the evacuation of the building necessitated 
by a fire alarm 
During the exposure penod, an air bubble napped in the inlet line to the 1000 pprn chemical pump 
resulted in a drop in chamber concenwdon (1 reading = 603.2 ppm) which exceeded the lower critical 
operating h t  (800 ppm). The exposure specialst removed the air bubble and concentration returned 
to spec by the next sample rotation. 
Hexane to 3 pprn was detected in the exposure room Further investigation revealed that sample flow 
through the sample lines had dropped below the set flowrate. This resulted in the reversal of flow 
direction, sample being drawn from a location other than the room. 
At 05:24 the executive computer again hung up while entering data from the CDS box. The 
condition was not corrected until 07: 17. All indications are that the exposure was stable during this 
period The first GC readmgs following resumption of data collecnon were: 

200 pprn 1st reabng = 20 1.6 pprn 
1000 pprn 1st readmg = 944.0 pprn 
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5000 pprn 1st reading = 5105 pprn 
5/27/86 Twenty-five minutes after expiration of the Tgo, the exposure system shut off for unknown reasons. 

Generation resumed 11 minutes later, however chamber concentrations recorded during this period 
exceeded the lower critical operating limits. Reported values were: 1000 pprn chamber, 1 reading = 

540 ppm; and 5000 pprn chamber, 1 reading = 735 ppm During the next sample cycle, 
concentration in the 1000 pprn chamber (1 reading - 1467 ppm) exceeded the upper critical operating 
limit (1200 pprn). The system was again shut off, resulting in low chamber readings the following 
sample cycle, e.g. 200 pprn chamber, 1 reading = 16.1 ppm; 1000 pprn chamber, 1 reading = 468 
ppm; and 5000 pprn chamber, 1 reading = 3616 ppm Generation was again resumed. At 2158 the 
GC stream select valve suck and failed to cycle. Mass balance measurements were used to predict 
chamber concentration throughout the remainder of the exposure period. These measurements 
indicated that the 1000 pprn chamber ran below the lower critical operating limit. No adjustments 
were attempted Daily mean concentrations were within specs but standard deviations exceeded the 
+lo% operating limit. Reported data are: 

200 pprn mean = 198 f 40 pprn 
1000 ppm mean = 925 5 198 pprn 
5000 pprn mean = 4870 f. 954 pprn 

5/28/86 The stream select valve to the GC was incorrectly connected and prevented the proper determination 
of chamber concentration for the 5000 pprn chamber. Mass balance (i.e. chemical pump delivery rate 
and chamber dilution air flow rate) was used to determine chamber concentration after startup. The 
problem was remedied about 2 hours 20 minutes into the exposure. GC readings of the 5000 pprn 
chamber after correction of the problem indicated that concentration was within specs. 
At -0200 the alarm loop tripped for unknown reasons and shut off the exposure system The 
exposure system was turned back on manually at -0255 and chamber concentrations were 
reestablished by 03:ll. Low concentrations exceeding the lower critical operating limits were 
reported as follows: 

200 pprn 2 readings: 5.1 and 85.0 pprn 
1000 pprn 3 readings: 27.0,570, and 783 pprn 
5000 pprn 1 reading: 16.6 pprn 

Though daily mean concentrations were within specs, standard deviations exceeded the operating limit 
of +lo% because of the system shutdown. 

TEMPERATURE & RELATIVE HUMIDITY 

DATE PIS- OR F m  
5/12/86 Several chambers exceeded the lower operating limit for mean temperature (72°F). This was the fust 

day of holding in the exposure chambers and the effect of animal loading was unknown so the room 
temperature had been lowered 2-3°F in anticipation of greater heat removal capability. Those 
chambers exceeding the lower limit were 0 ppm, mean = 69.8 f 1.9"F; 200 ppm, mean = 71.5 + 
1.7"F; and 5000 ppm, mean = 71.8 + l.g°F. 

51 15/86 Mean temperature for the 1000 ppm chamber (78.1°F, maximum = 78.7"F) exceeded the operating 
limit (78°F). Room temperature was reduced 1°F. 

5/17/86 Mean temperature for the 1000 ppm chamber (78.2"F, maximum = 78.7"F) exceeded the operating 
limit (78°F). No action taken at this time. Room temperature was reduced 1°F on 5/19/86. 

5/18/86 Mean temperature for the 1000 ppm chamber (78S°F, maximum = 79.2"F) exceeded the operating 
limit (78°F). No action taken at this time. Room temperature was reduced 1°F on 5/19/86. 

CHAMBER FLOW & VACUUM 

B!!IE ION OR EXPT . A N A T I W  
5/15/86 Low vacuum was detected in the 0 ppm Hold 2 chamber (1 reading = 0.2" H20). Water was placed in 

the trap at the bottom of the chamber and vacuum returned to specs. 
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n-Hexane Ra t  Terato logy Study:  Body Weights  (Q) f o r  V i r g i n  Females 

MATNO Pro- study Exposure Exposure S a c r i f i c e  
W t  Day 1 Day 8 W t  

498 246.60 263.40 269.40 278.60 

661 270.00 276 .OO 289.80 299.70 



2 
9 3 

n-Hexane Rat  Toratology Study: Body Weights (g) f o r  V i r g i n  Fema l es  'U I 

P % 

MATNO Pro-study Exposure Exposuro S a c r i f i c e  
W t  Day 1 Day 8 W t  

496 249.80 266.80 263.20 270.90 

600 270.80 279.60 296.80 296.60 

664 240.80 260.60 270.00 267.90 

669 266.80 280.00 296.60 297.70 



* 3 
n-Hexane Rat  Teratology Study: Body Weights (g) f o r  V i r g i n  Fema l es  3 fa I 

fa x 
m m 
3 x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ppm n-Hexane------------------------------------------------------ E! 

MATNO Pro-study Exposure Exposure S a c r i f i c e  
W t Day 1 Day 8 W t  

622 268.60 268.00 270.60 261.20 

629 323.80 314.80 346.20 333.10 

686 261.60 263.60 276.60 286.70 

642 260.00 271.00 280.00 276.10 

764 246.60 263.40 280.80 286.80 



n-Hexane Rat  Teratology Study: Body Weights (g) f o r  V i r g i n  Fema l es  

MATNO Pre-study Exposure Exposure S a c r i f i c e  
W t  Day 1 Day 8 W t  



MATNO 

n-Hexane R a t  Terato logy Study: Body Weights (g) f o r  Sperm- posi t ive  Females 

Prestudy 0 dg i t d g  Wt 1 3  dg 20 dg U t e r  P regnant  IMPLANT L IVE  
W t W t W t  W t  

1 

.--------------------------- 

EARLY LATE DEAD 



n
-
H
e
x
a
n
e
 
R
a
t
 
T
e
r
a
t
o
l
o
g
y
 
S
t
u
d
y
 

A
p
p
e
n
d
i
x
 
C
 - 

T
o
x
i
c
o
l
o
g
y
 
D
a
t
a
 

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
 

m
t

d
Q

m
b

B
m

t
d

m
a

m
a

m
b

t
B

t
a

d
d

a
m

b
m

B
b

b
N

 
.............................. 

m
m

d
b

a
m

a
m

a
m

d
O

G
N

m
m

a
m

a
d

d
t

a
a

b
N

d
m

b
m

 
d

m
a

O
m

b
b

a
d

a
a

0
B

B
b

b
a

N
d

m
m

B
O

)
b

b
d

Q
N

a
B

 
t

t
m

N
t

N
m

t
t

m
m

m
t

t
m

O
m

t
t

n
)

N
t

O
(

3
N

t
N

t
N

O
 

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
 

?
?

e
?

y
?

w
y

q
'?

y
?

?
?

y
?

9
"

Q
?

?
?

N
a

a
tta

 
...... 

b
N

Q
B

a
t

O
N

B
B

a
m

m
O

m
m

B
m

N
t

O
D

b
d

N
t

f
a

a
b

a
 

m
t

B
N

m
0

B
Q

m
d

B
m

t
m

d
B

Q
Q

t
a

D
0

N
c

3
d

0
(

3
C

g
f

B
b

 
Q

Im
m

O
N

Q
m

m
m

m
m

m
Q

Q
Q

N
m

m
N

N
(3

(3
m

N
rr)N

F
)(3

N
 

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
 

?
?

'?
?

?
?

?
?

?
?

'?
'?

Y
?

'?
?

?
?

Y
?

?
Y

?
?

?
?

Y
?

?
 

W
m

b
0

Q
d

U
a

a
f

m
t

m
m

W
t

d
b

a
d

O
b

d
b

U
)

B
U

)
b

t
f

 
N

d
a

0
B

a
b

m
B

a
b

B
N

O
b

Q
a

B
B

I
D

Q
)
d

B
b

a
O

B
L

o
B

O
t
 

m
m

N
N

m
N

N
m

m
N

N
m

m
N

N
N

N
m

m
N

C
Y

m
m

C
Y

N
m

N
m

N
N

 

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
 

.............................. 

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
 

N
Q

a
N

B
N

~
~

t
a

N
Q

N
a

V
N

a
t
N

B
a

O
B

Q
)
Q

)
(
Y

C
Y

B
B

a
D

a
D

 
.............................. 

a
~

d
t

~
B

m
t

N
m

b
m

t
N

~
d

Q
t

0
N

~
a

0
0

w
d

m
~

m
0

 
W

D
b

b
a

m
t

d
B

t
I
b

Q
O

t
m

m
Q

O
t

t
a

)
c

D
c

3
L

I
)

c
D

r
r

)
Q

)
c

D
N

 
N

N
N

N
N

N
N

m
m

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
 



n
-
H
e
x
a
n
e
 
R
a
t
 
T
e
r
a
t
o
l
o
g
y
 
S
t
u
d
y
 

A
p
p
e
n
d
i
x
 
C
 - 

T
o
x
i
c
o
l
o
g
y
 
D
a
t
a
 

1 I
W

 
r) 

I 
>

 
I
D

U
t
~

c
D

N
c

D
U

b
c

D
t
c

D
U

c
D

~
O

 
-o

)c
D

Q
) -a

D
U

b
a
U

 -I-Q
c

D
 

Q
 

I 
n
 

d
d

d
d

d
 

~
V

-
I
~

F
I
H

H
F

I
H

~
 

d
d

 
d

d
d

d
d

 
d

d
d

 
-

1
-

I
 

I 

I 
I 

LI 
I I 

C
 

O
I

Z
 

>
I

<
 

.- 
I 

2
 

(
D

U
U

U
c

D
W

I-
I-

Q
D

b
t
Q

U
Q

D
t
t
 

-
t
b

d
 .d

c
D

b
Q

D
U

 .b
c

D
c

D
 

P
 

I 
Q

 
d

d
d

d
d

 
d

d
d

d
d

d
d

d
d

d
 

d
d

d
 

N
d

d
d

d
 

d
d

d
 

.- 
I 
I
 

*
l

H
 

0
 

I 
P

 
I 

I 
I 

9
1

4
 

O
I

C
 

P
I

 a
 

V
)

I
C

 
I 

C
I 

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
d

~
d

d
d

B
d

d
d

d
r
(
B

d
d

d
 

L
I

O
 

O
I

L
 

+
I

&
 

9
 

n
 

C
 

C
I 

a
 

- 
X

 
0
 

8
8

8
8

8
8

8
8

8
8

8
8

8
8

8
8

8
8

8
8

8
8

8
8

8
8

8
8

B
8

 
* 

x
 

L
 

?
?

?
?

y
'?

?
?

'?
y

y
?

y
y

tY
?

y
t?

?
y

y
t?

'*.y
y

 
4

1
0

 
Z
 

E
 

P
P

 
d

t
N

W
0

N
c

D
~

c
D

Q
Q

~
d

U
O

~
~

c
D

c
D

d
~

b
d

~
b

d
~

~
~

d
 

0
 

3
3

 
I-

b
c

D
c

D
b

d
b

b
Q

b
c

D
a

c
D

a
c

D
t
 

b
c
D

U
 

Q
W

a
O

a
 

*-
 

g 
S 

P
 

h
 

8
 

8
8

8
8

8
8

8
8

B
8

8
B

8
8

8
8

~
8

8
8

8
8

8
8

Q
B

8
8

8
8

 
'0

 
8
 

0
 

?
~

?
y

Y
?

?
"

?
?

y
?

?
?

Y
?

(9
w

?
ty

'I~
?

y
?

y
?

 
$

2
"

 
~

N
~

~
~

~
~

I
-

~
Q

Q
B

~
B

B
Q

~
U

~
D

U
~

D
~

D
B

B
B

N
I

-
~

~
~

B
 

I 
8

4
 

c
D

~
~

b
N

U
b

O
~

~
I

-
P

Q
d

U
O

d
I

-
b

b
W

U
B

~
N

c
D

8
Q

D
W

~
 

-- 
I 

~
3
 

m
m

m
m

t
m

m
m

m
t

m
m

m
~

m
m

m
m

m
m

~
t

t
t

t
m

m
m

m
t

 
h
 

I 
w

 
I 

3
 

1 

8
8

8
 

?
?

?
 

a
o
c
o
 

I- 
t
 (D

 
N

N
N

 

8
8

8
 

?
Y

?
 

t
a

t
 

U
N

U
 

N
N

N
 

8
8

8
 

Y
?

?
 

w
m

m
 

Q
)
t
d

 
N

m
m

 

8
8

8
 

?
?

?
 

*
e

m
 

b
8

a
 

N
m

N
 



n-Hexane Rat  Teratology Study: Body Waights (g) f o r  Sperm-positive Females 

MATNO Prestudy 6 dg 13 dg 20. dg U t e r  Pregnant IMPLANT LIVE 
dg W t  W t  W t W t  W t  W t  

EARLY LATE DEAD 

a) Uterus inadver tant ly  n o t  weighed. 



n-Hexane Rat  Terato logy Study: Raw F e t a l  Data 1 

Mat S i t e  S ta tus  Sex 
No 

Feta  l P I  acenta 
Wt(a) Wt(s) 

3.10 0.41 
3.00 0.36 
3.64 0.43 
3.60 0.40 
3.46 0.43 
3 .21  0.43 
3.28 0.49 
3.60 0.62 
3.36 0.46 
3.70 0.46 
3.92 0 .61  
3.62 0.46 

ABNl ABN2 ABN3 ABN4 ABN6 

D IUR 

DIUR 
DIUR ROST 

ROST 

DIUR ROSK 
ROST 

ROST 
DIUR 
ROST ROVE 

ROST 

ROVE 
ROST 

ROPH 

ROST 

Status:  1 = L ive ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resor t i o n  
Sex: Male = 1; Female = 2 See Code Sheet 38 f o r  i d e n t i f i c a t i o n  o f  a tnormal  i t i e s  [ABNn] 



P 3 
n-Hexane Rat Teratology Study: Raw F e t a l  Data 2 21 1 21 x 

........................................................... 0 ppm n-Hax8ne------------------------------------------------------- 

Mat S i t e  Status Sex F e t a l  PIacanta ABNl ABN2 ABN3 ABN4 ABN6 
No Wt(9) Wt(9) 

648 14 1 1 3.64 0.37 
648 16 1 2 3.66 0.43 
648 16 1 2 3.39 0.36 
648 17 1 1 3.43 0.60 ROST 
660 1 1 1 3.39 0.43 
660 2 1 1 3.76 0.46 ROVE 
660 3 1 2 3.49 0.42 
660 4 2 
660 6 1 i 3.4; 0.4; DIUR 
660 6 1 1 3.63 0.40 
660 7 1 2 3.46 0.42 DIUR ROST 
660 8 1 2 3.71 0.41 
660 9 1 1 3.96 0.48 DIUR RPCA 
660 10 1 2 3.71 0.39 
660 11 1 2 3.46 0.37 
660 12 1 2 3.26 0.34 
660 13 1 2 3.66 0.38 
660 14 1 1 3.40 0.42 DIUR RPCA ROPB 
660 16 1 1 3.33 0.37 DIUR ROPB ROST 
660 16 1 1 3.49 0.36 
660 17 1 1 3.92 0.38 DIUR RPCA 
660 18 1 2 3.80 0.46 
663 1 1 2 3.06 0.44 
663 2 1 1 3.46 0.60 
663 3 1 1 3.80 0.47 
663 4 1 1 3.71 0.48 
663 6 1 1 3.66 0.63 
663 6 2 
663 7 1 i 3.60 8 .41  
663 8 1 2 3.01 0.43 
663 9 1 1 3.40 8.66 
663 10 1 1 3.71 0.49 
663 11 1 1 3.30 0.44 
663 12 1 1 3.70 0.62 
663 13 1 1 3.46 0.39 
663 14 4 
666 1 1 i 2 . 6 i  0.68 DIUR ROST 
666 2 1 1 4.43 0.64 DIUR 
666 3 1 2 3.93 0.69 ROST 
666 4 1 2 3.82 0.62 DIUR 
666 6 1 1 4.32 0.68 ROVE 
666 6 1 1 3.89 0.48 DIUR RPCA 
666 7 1 2 3.94 0.64 
666 8 1 2 3.10 0.61 DIUR RPCA ROST 
666 9 1 2 3.90 0.66 

Status:  1 = Live; 2 = E a r l y  Resorption; 4 = L a t e  Resor t i o n  
sex: Yale  = 1; Fernale = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  a%normal i t ies  [ABNn] 



P 3 
n-Hexane Rat  Terato logy Study: Raw F e t a l  Data 3 'U I 'u x 

Mat S i t e  S ta tus  Sex 
No 

F e t a l  
W t  (9) 

ABNl ABN2 ABN3 ABN4 ABN6 

DIUR 

ROVE 

ROVE 
ROST ROVE ROPB 

ROVE 

ROVE 

ROST 

ROSK ROST ROVE ROPB ROPH 

Status:  1 = L ive;  2 = Ea r l y  Resorpt ion; 4 = La te  Resor t i o n  
Sex: Male = 1; Fetna I e  = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  agnorma l i t i e s  [ABNn] 



w 3 
n-Hexane Rat Terato logy Study: Raw F e t a l  Data 4 TI I '6 3: 

........................................................... 0 ppm n-H.xane------------------------------------------------------- 
(D (D 
3 x a P, 

Mat Sit. S ta tus  Sex F e t a l  P laconta ABNl ABN2 ABN3 ABN4 ABN6 
NO wt(a) wt(s) 

DIUR 

ROST 

ROST 

ROST 
ROST 

ROST 

SRRR 

DIUR 

DIUR 

ROST 

ROST 

SRRR 

RPC A 

SRRR 

Sta tus :  1 = L ive;  2 = E a r l y  Resorpt ion; 4 = L a t e  Resor t i o n  
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  a ! no rm l i t i e s  [ABNn] 



P 3 
n-Hexane Rat Terato logy Study: Raw F e t a l  Data 6 I '0 x 

0 ppl,, n-Haxa"e-------------------------------------------------.#----- 
tD (D ---------..------------------------------------------------- P x a PI 

Mat S i t e  S ta tua  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 
No Wt(g) Wt(g) 

DIUR RPCA 

DIUR RPCA 

ROST 

DIUR 

Status:  1 = L ive;  2 = Ea r l y  Resorpt ion; 4 = La te  Resor t i o n  g Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  a n o r m a l i t i e s  [ABNn] 



n-Hexane R a t  Te ra to logy  Study: Raw F e t a l  D a t a  6 
3'3 'u I v x 

........................................................... 0 ppm n-Hexane------------------------------------------------------- (D (D 
3 x 
a 9, 

Mat  S i t e  S t a t u s  Sex F e t a l  P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABN6 
No Wt(g) Wt(g) 

0 .46 
0.42 ROVE 
0.39 ROVE 
0.46 
0.42 
0.46 

0.3; ROST 
0.39 
0.46 
0.42 
0 .41  
0.49 
0.33 
0.36 
0.38 
0.45 
0.48 
0 .61  
0.44 
0.43 
0.48 
0.67 ROVE 
0.60 
0 .41  
0.47 
0.66 
0.46 
0 .42  
0.49 

0 . 6 i  
0 .61  
0.36 

0.44 
0.37 
0.38 ROSK 
0.34 
0.39 ROSK 
0 .31  
0.40 
0.39 
0.39 ROSK 
0.40 

S ta tus :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resor t i o n  
Sex: Male  = 1; Female = 2 See Code Sheet  39 f o r  i d e n t i f i c a t i o n  o f  atnormal i t i e s  [ABNn] 



n-Hexane R a t  Te ra to logy  Study: Raw F e t a l  D a t a  7 

Mat 
No 

S i t e  S t a t u s  Sex F e t a l  
W t  (g) 

P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABNC 
w t  (a) 

0.48 
0 .41  
0.37 
0.36 ROVE 
0.27 ROSK ROVE 
0.63 

a. 62 
0.63 ROST 

0.62 

0 . 4 i  
0.66 
0.46 ROST 
0.39 ROST 
0.42 
0.43 
0.46 
0.46 
0.47 
0.60 

926 14 1 2 3.12 0.38 
938 1 1 2 3.48 0.73 ROVE 

0.39 
0.48 
0.63 
0.48 
0.36 
0.44 
0.46 ROVE 
0.43 
0.43 
0.41 
0.43 
0.37 

S t a t u s :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resor t i o n  g Sex: Male  = 1; Female = 2 See Code Sheet  39 f o r  i d e n t i f i c a t i o n  o f  a  n o r m a l i t i e s  [ABNn] 



n-Hexana Rat  Terato logy Study: Raw F a t a l  Data 
* 3 

8 '0 I 
'7l x 

Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABNP ABN3 ABN4 ABN6 
No Wt(tJ) Wt(g) 

0.43 
0.61 
0.49 
0.34 
0.47 
0.46 
0.43 
0.48 
0.48 
0.38 
0.39 
0.40 
0.47 
0.43 
0.34 
0.37 
0.44 
0.43 ROST 
0.48 
0.26 ROST 
0.36 
0.44 ROST 
0.46 
0.37 
0.69 ROSK ROST ROPB ROPH 

0.6; ROST ROPB 
0.44 ROSK ROST ROVE ROPB ROPH 
0.44 ROST ROPB 
0.41 ROSK ROST 
0.66 ROST ROPB 

0. 4i ROST ROVE ROPB 
0.67 ROST ROPB 
0.46 ROSK ROST 
0.64 
0.68 SRRR ROVE 
0.68 ROVE 

976 4 2 
976 6 1 i 3.93 0.46 
978 6 1 1 4.79 0.62 ROVE 
976 7 1 2 3.66 0.47 ROVE 
976 8 1 2 3.94 0.49 ROVE 
976 9 2 
976 10 1 1 3.7e 0.6; ROVE 

Status:  1 = L ive ;  2 = E a r l y  Resorpt ion; 4 = La te  Resor t i o n  
Sex: Yale = 1; Fena l e  = 2 See Code Sheet 39 f o r  i d e n t i f  i s a t i o n  o f  a!norinal i t i e s  [ABNn] 
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n-Hexane Rat  Terato logy Study: Raw F e t a l  Data 

Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 
No Wt(g) Wt(g) 

1 1 1 3.23 0 . 4 1  
2 1 2 3.14 0.47 
3 1 1 3.34 0.40 
4 1 1 3 .31  0 .61  ROST ROVE 
6 1 1 3.16 0.43 ROVE 
6 1 2 3.17 0.44 ROVE 
7 1 2 3.04 0 . 4 1  ROVE 
8 1 2 3.18 0.42 ROST ROVE 
9 1 1 3.19 0.46 DIUR ROVE 

0.46 
0.60 
0.46 
0 .41  
0.39 
0.44 
0.40 
0.46 
0.47 
0.60 
0.43 
0.43 ROST 
0.39 
0.46 
0.37 ROST 
0.44 
0.40 
0 .61  
0.42 
0.40 SRRR 
0.40 ROST 
0.43 ROST SRRR 

0.36 ROST SRRR 
0.40 
0.43 
0.36 
0.39 
0.38 
0.48 
0.38 
0.34 

Status:  1 = L ive ;  2 = E a r l y  Resorpt ion; 4 = La te  Resor t i o n  
Sex: hi. l e  = 1; Female = 2 See Code Sheet 39 f o r  i d m t i f  i s a t i o n  o f  a!norml i t i e s  [ABNn] 



Mat S i t e  
No 

Sex: Male = 

P 3 
n-Hexane Rat  Terato logy Study: Raw F e t a l  Data  11 "a I 

"a x 
........................... 200 ppa n-Hexane------------------------------------------------------ (D (D 

3 X 

S ta tus  Sex F e t a l  P lacenta  ABNl ABN2 ABN3 ABN4 ABN6 P.; 
X (D 

Wt(g) Wt(g) 

1 2 4.32 0 . 4 1  
('it' 
I rt 

1 2 4.31 0.39 
1 2 4.33 0.39 H H 

0 (D 
1 2 4.86 0.40 X h 
1 2 4.12 0.33 r- tu 
1 2 4.39 0.36 DIUR 

Q rt 
0 0 

1 1 4.83 0.40 P r 
1 2 4.86 0.38 0 0 

1 1 4.89 0.36 Y Y  
9 9 

1 2 4.67 0.36 
1 1 4.48 0.36 

u v, 
Pl rr 

1 2 4.88 0.39 t-t C 
1 1 6.07 0.40 ru a 
1 2 4.91 0.36 

LC 

1 1 4.93 0.44 
1 2 3.80 0.60 ROVE 
1 1 3.90 0.66 
1 1 3.83 0.60 
1 2 3.78 0.60 
1 1 4.16 0.66 
1 1 3.79 0.47 
1 2 3.86 0.66 
1 2 3 .61  0.63 DIUR 
1 1 3.86 0.63 
1 2 3.66 0.48 DIUR 
1 2 3.69 0.49 
1 1 3.98 0 .61  
1 1 4.13 0.66 
1 2 2.80 0.44 
1 1 3.08 0.46 ROST 
1 2 2.88 0.36 
1 1 3.27 0.32 SRRR 
1 1 3.09 0.32 ROST ROPB 

0 .  s i  ROST ROPB 
0.38 
0.39 
0 . 3 1  
0.32 
0.36 
0.34 
0 . 4 1  
0.60 ROST 
0.46 ROVE 
0.66 

Status:  1 = L ive ;  2 = E a r l y  Resorption; 4 = L a t e  Resorption 
1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  abnormal i t i es  [ABNn] 



w D 
n-Hexane Rat  Teratology Study: Raw F e t a l  Data 12 'a I 'u x 

.......................................................... 200 ppm n-Hexane------------------------------------------------.------ 0 (D 
3 X 

Mat S i t e  Status Sex F e t a l  Placenta ABNl ABN2 ABN3 ABN4 ABN6 E $ 
wt(a) wt(e) 

X (D 
No 

670 4 1 1 3.63 0.67 ROSK ROST ROVE ROPB 
P 

I rt 
670 6 1 2 3.30 0.69 
670 6 1 1 3.89 0.62 4 e 
670 7 1 2 3.66 8.60 X fi 

0 (D 

670 8 1 1 3.93 0.62 r- w 
670 9 1 1 3.99 0.61 ROVE 

0 rt 
0 0 

690 1 1 2 2 . 8 1  8.36 ROST ROPB r r 
690 2 4 0 0 

698 3 1 i 3.68 0.40 
Q Q 
LC Y 

690 4 1 2 3.28 0.40 ROST 
690 6 1 2 2.30 0.31 ROST u vl 

P rt 
690 6 4 rt C 
690 7 1 1 3 .  ii 8.43 ROST w a 
690 8 1 2 3.13 0.31 ROST 

Y 

690 9 1 2 2.36 0.39 ROSK ROST ROPH ROVE 
690 10  1 2 3.32 0.41 
690 11 1 1 3.67 0.39 ROST 
690 12 1 1 3.66 0.40 
690 13 1 1 3.40 0.43 ROST 
6 90 14 1 1 3.49 0.49 
690 16 1 2 3.29 0.62 
601 1 1 2 3.18 0.40 
601 2 1 2 3.29 0.44 
601 3 1 2 3.40 0.40 
601 4 1 1 3.62 0.36 DIUR 
601 6 1 2 3.66 8.43 ROST 
601 6 1 2 3.36 0.36 ROST 
601 7 1 1 3.40 0 .41  
601 8 1 2 3.32 0.37 
601 9 1 2 3.28 0.40 
601 10  1 1 3.47 0.40 
601 11 1 1 3 .31  0.39 DIUR 
601 12 1 1 3.16 0.33 ROVE 
601 13 1 2 3.36 0.36 
601 14 1 1 3.62 0.40 
601 16 1 2 3.32 0.34 
613 1 1 2 3.38 0.43 
813 2 2 
613 3 1 1 4.00 0.46 
613 4 1 1 3.87 0.47 DIUR ROST 
613 6 1 2 3.98 0.62 ROST 
813 6 1 2 3.80 0.46 
613 7 1 2 3 .81  0.47 
613 8 1 2 3.84 0.47 SRRR 
613 9 1 1 4.16 0.60 DIUR 

Status:  1 = Live ;  2 = E a r l y  Resorption; 4 = L a t e  Resor t i o n  
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f  i s a t i o n  o f  agnorma l i t i e s  [ABNn] 



n-Hexane Rat Terato logy Study: Raw F e t a l  Data 13 
* 3 z A .......................................................... 280 p p r  n-Hexane------------------------------------------------------ 6 5 
3 x 

Mat Sit. S ta tus  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 k $  
No Wt(9) Wt(9) X (D 

cl !n 
0.42 
0.60 ROST 
0.61 

0.46 
0.36 DIUR 
0.38 DIUR 

a. s i  
0.37 
0.43 ROST 
0.38 
0.39 
0.36 

ROST 
DIUR 

DIUR 
DIUR 

ROST 
DIUR 

ROST 

DIUR 

ROSK ROST ROVE ROPB ROPH 

ROST 
ROVE 

Sta tus :  1 = L ive;  2 = E a r l y  Resorpt ion; 4 = L a t e  Resor t i o n  
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  a!normalit ies [ABNn] 



Mat  S i t .  
No 

Sex: Male  = 

n-Hexane R a t  Te ra to logy  Study: Raw F e t a l  Da ta  
* 3 

14 U I 'n x 

S t a t u s  Sex F e t a l  P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABN6 
Wt(9) Wt(9) 

1 2.93 0.49 ROVE 
1 3.04 0.40 
1 2.93 0.38 
1 2.78 0 . 3 1  
1 2.86 0.38 
2 2.84 0.36 
1 2.86 0.36 
2 2.88 0.37 ROST 
1 3.08 0.37 
2 2.83 0.33 ROST 
2 2.60 0.44 ROST 
1 3.17 0.43 ROST 
2 2 .79 0.44 
1 3.66 0.46 ROSK 
1 3.71 0.48 
1 3.39 0.43 D IUR 

0.38 
0.36 ROPB 
0.40 
0.42 
0.60 
0.43 
0.37 
0.37 

0.4; 
0 .37 
0.37 
0.38 
0.43 

0.30 ROVE 
0.37 
0.40 
0.46 
0 .41  
0.36 
0 . 4 1  
0.46 
0.47 ROST 
0.36 
0.36 

1 1 4.03 0.47 
1 1 2.17 0.28 ROSK ROST ROPB 
1 1 4.13 0.36 

S ta tus :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resor t i o n  
1; Female = 2 See Code Sheet  39 f o r  i d e n t i f  i s a t i o n  o f  agnormal i t i e s  [ABNn] 
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n-Hexane R a t  Te ra to logy  Study: Raw F e t a l  D a t a  16 'd P 3 I 
'd x .......................................................... 208 ppm n-Hexane------------------------------------------------------ m n, 
3 x 

Mat  S i t e  S t a t u s  Sex F e t a l  P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABN6 k 5 
NO wt(a) wt(a) x m 

0 P 
763 1 1 2 3.93 0.47 P, 
763 2 1 1 3.76 0.39 I rt 

763 3 1 1 3 .81  0.47 c3 1-3 
763 4 1 2 3.64 0.36 0 n, 

763 6 1 1 3.66 0.43 
X r 
I-'- w 

763 6 1 2 3.72 0.39 0 rt 
763 7 1 1 4.07 0.46 0 0 

r r 
763 8 1 1 3.79 0.43 
763 9 1 2 4.14 0.46 so$  
763 10 1 1 4 .OO 0 .41  Y Y  

783 11 1 1 4.02 0.43 ROSK u cn 
763 12 1 2 3.72 0.43 Pl rt 

763 
rt G 

13 1 2 3.92 0.40 Pl P. 
763 14 1 1 3.93 0.46 Y 
763 16 1 2 3.76 0 .41  
763 16 1 2 3.70 0.40 
763 17 1 1 3.72 0.40 
770 1 1 1 3.44 0.60 
770 2 1 1 3.42 0 .61  
770 3 1 1 3.62 0.40 
770 4 1 2 3.27 0.47 
770 6 1 2 3.07 0.37 
770 6 1 2 3 .31  0.60 
770 7 1 1 3.36 0.64 
770 8 1 2 3.13 0.38 ROST 
770 9 1 1 3.11 0.38 
770 10 1 2 3.02 0.39 
770 11 1 1 3.19 0 .39  
770 12 1 2 2.86 0.29 ROST 
770 13 1 1 3.70 0.43 
770 14 1 1 3.40 0.36 
770 16 1 2 3.12 0.40 
777 1 1 1 3.48 0.37 
777 2 1 2 3.46 0.42 
777 3 1 2 3.37 0.34 
777 4 1 1 3.68 0.44 
777 6 1 2 3.69 0.36 
777 6 1 1 3.38 0.43 
777 7 1 2 3.07 0.47 
777 8 1 1 3.89 0 .41  
777 9 1 2 3.48 0 .41  
777 10 1 2 3.60 0.36 
777 11 1 2 3.36 0.42 
777 12 1 2 3:18 0 .41  
777 13 1. 1 3.18 0.34 

S t a t u s :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resor t i o n  
Sex: Y a l e  = 1; Female = 2 See Code Sheet  39 f o r  i d e n t i f  i s a t i o n  o f  atnormal i t i e s  [ABNn] 



x '3  
n-Hexane Rat  Terato logy Study: Raw F e t a l  Data 17 V I v x 

Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABNP ABN3 ABN4 ABN6 
No W t  (g) ' W t  (9) 

DIUR 
ROST 
DIUR ROST 

DIUR 

ROST 

ROST 
DIUR 

DIUR 

ROST 
ROST 
ROST 
ROST 
ROST 
ROST 
DIUR 

Status:  1 = L ive;  2  = Ea r l y  Resorpt ion; 4 = La te  Resor t i o n  
Sex: Male = 1; Female = 2  See Code S h ~ t  19 f o r  i d e n t i f i c a t i o n  o f  atnormal i t i e s  [ABNn] 



3'3 
n-Hexane R a t  Te ra to logy  Study: Row F e t a l  Da ta  1 8  V I 

'6 5: 

Mat S i t e  S t a t u s  Sex F e t a l  P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABN6 
NO wt(a) wt(e) 

ROST 
ROST 

S t a t u s :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resor t i o n  
Sex: Male  = 1; Female = 2 See Code Sheet  3 9  f o r  i d e n t i f  i c a t i o n  o f  a%normal i t i e s  [ABNn] 



3'3 
n-Hexane R a t  T s r a t o l o g y  Study:  Raw F e t a l  Data  1 9  '11 I 

......................................................... 1000 pp", n-Hexane-----------------------------------------------.------- 
z: 
3 x a ru 

Mat  S i t e  S t a t u s  Sex F e t a l  P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABN6 
No w t ( € l )  Wt(g) 

ROST 

ROST 

ROST 
ROST 
ROST 
ROST 

ROST 

ROST 
ROST ROPE 
ROST 
ROST 
ROST 
ROST 
ROST 
ROST 
ROST 
ROST 
ROST 

ROST 
ROSK 
ROST 
ROST 
ROVE 
ROSK ROST 
ROST 

S t a t u s :  1 = L i v e ;  2 = E a r l y  Reso rp t i on ;  4 = L a t e  R e s o r p t i o n  
Sex: Male = 1; Female = 2 See Code Sheet  39 f o r  i d e n t i f i c a t i o n  o f  a b n o r m a l i t i e s  [ABNn] 



P 3 
n-Hexane Rat  Teratology Study: Raw F e t a l  Data 20 'tY I '0 x 

......................................................... 1000 ppm n-Hexane------------------------------------------------------ (D (D 
3 X 

Mat S i t e  S ta tus  Sex F e t a l  Placenta ABNl ABN2 ABN3 ABN4 ABN6 f4.5 
No Wt(g) Wt(g) 

X (D 

476 16 1 1 3.04 0.36 
^ P 

I rt 
481 1 4 
481 2 1 i 3.10 8.39 ROST H H 
481 3 1 2 3.66 0.36 ROST X I-I 

0 (TI 

481 4 1 2 3.26 0.34 ROST r-  w 
481 ' 6 1 2 3.11 0 .32  ROST ROVE 0 rt 

0 0 
481 6 1 1 3.46 0.44 r r 
481 7 1 2 3.46 0 .39  0 o 
481 8 2 

Q 9 
LC LC 

481 9 1 1 3.6; 0 .  40 ROST 
481 10 1 2 3.13 0.36 ROVE u (n 

w r t  
481 11 1 1 3.64 0.43 ROST rt E: 
481 12 1 1 3.49 0 .41  ROST P, a 
481 13 1 2 3.66 0 .40  ROST 

LC 

481 14 1 1 3.33 0.38 ROST ROVE 
481 16 1 1 3.19 0.46 
610 1 1 1 2.98 0.39 ROSK ROVE 
610 2 1 2 2.89 0.37 ROST 
610 3 1 2 2.66 0.39 ROSK ROPB 
610 4 1 1 3.34 0.46 
610 6 1 2 3.71 0.42 
610 6 1 1 2.81 0.40 ROST 
610 7 1 1 3.32 0.46 
610 8 1 1 3.66 0.60 
610 9 1 2 2.73 0 .39  DIUR 
610 10 1 2 2.94 0.40 
610 11 1 2 2.46 0 .41  ROSK ROST ROPB 
610 12 1 1 3.19 0.39 
610 13 1 1 3.36 0.43 
610 14 1 2 3.62 0.47 
610 16 1 2 3.02 0.38 
610 16 1 2 3.43 0.43 
620 1 1 1 3.33 0.68 ROST ROVE 
620 2 4 

ROST 

ROST 
DIUR 
ROST 

ROST 
ROST 
ROST 
ROST 

Status:  1 = Live;  2 = E a r l y  Resorption; 4 = L a t e  Resor t i o n  
Sex: Male = 1; Fema l e  = 2 See Code Sheet 39 f o r  i d e n t i f  i s a t i o n  o f  arnorma l i t i e s  [ABNn] 



n-Hexane R a t  Te ra to logy  Study: Raw F e t a l  D a t a  2 1 P D  Cb I 

Mat S i t e  S t a t u s  Sex 
No 

644 10 1 2 
644 11 1 1 
644 12 1 2 
644 13 1 2 
644 14 1 2 
644 16 1 2 
644 16 1 1 
644 17 1 2 
649 1 1 1 
649 2 1 1 
649 3 1 1 
649 4 1 2 
649 6 1 2 
649 6 2 
649 7 1 i 
649 8 1 1 
649 9 1 2 
649 10 1 2 
649 11 2 
649 12 1 i 
649 13 1 2 
649 14 1 1 
649 16 1 1 
649 16 1 1 
649 17 1 1 
666 1 1 1 
666 2 1 2 
666 3 1 1 
666 4 1 1 
666 6 1 2 

F e t a l  
w t  (el 

2.98 
3.10 
3 .21  
3.17 
3 .31  
3.20 
3.37 
3.36 
3.47 
3.60 
3.48 
2.98 
3.32 

P I  acenta  
w t  (a) 

0.36 
0.42 
0.32 
0 .30  
8.37 
0.34 
0.40 
0.38 
0.34 
0.39 
0.36 
0.36 
8.32 

ABNl ABN2 ABN3 ABN4 ABN6 

ROST 
ROST 
ROST 
ROST 
ROST 

ROST 

ROST 

ROST 
DIUR ROST 

DIUR 
DIUR ROST 
ROST 

DIUR 
ROST 

S ta tus :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resorp t ion  
Sex: Male  = 1; Female = 2 See Code Sheet  39 f o r  i d e n t i f i c a t i o n  o f  a b n o r m a l i t i e s  [ABNn] 



3'3 
n-Hexano R a t  Te ra to logy  Study: Raw F a t a l  D a t a  2 2 a I ''a x 

Mat  S i t .  S t a t u s  
No 

Sex F a t a  l P I  aconta  
Wt(a) Wt(g) 

3.18 0.36 
2.97 0.31 
3.32 0.33 
3.38 0.32 
3.22 0.34 
3.44 0.38 
3.47 0.34 
3.08 0.33 

3.66 0. 3; 
3.39 0.36 
3.46 0.36 
3.42 0.33 
3.13 0.33 
3.04 0.27 
3.03 0.63 
3.02 0.36 
3.64 0.40 
2.98 0.44 
3.61 0.49 
3.40 0.40 
3.21 0.49 
3.40 0.42 
2.61 0.33 
3.20 0.48 
3.09 0.44 
3.61 0.41 
3.02 0.40 
3.28 0.48 
3.31 0.39 
3.62 0.36 
3.26 0.43 
3.37 0.36 
2.86 0.40 
3.41 0.38 
2.67 0.39 
3.26 0.46 
3.06 0.44 
3.60 0.27 
3.41 0.36 
3.08 0.42 
3.37 0.40 
3.41 0.41 
3.46 0.38 
3.16 0.46 

ABNl ABN2 ABN3 ABN4 ABN6 

ROST 

ROST 

ROST 
ROST 

ROST 

ROSK 
ROST 

ROST 
ROST ROVE 

ROST 
ROST 
ROST 

t-' t-' 

S t a t u s :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resor t i o n  
Sex: Malo = 1; Female = 2 See Code Sheet  39 f o r  i d e n t i f i c a t i o n  o f  a g n o r m a l i t i e s  [ABNn] 



n-Hexane Rat Terato logy Study: Raw F e t a l  Data 

......................................................... 1000 ppm n-Hexane------------- 

Mat S i t e  S ta tus  Sex 
No 

Fe ta  l P I  acenta 
Wt(9) Wt(9) 

2.60 0.37 
2.99 0.47 
2 .61  0.36 
2.28 0.36 
2.66 0.36 
2.48 0.34 
2.08 0 .31  
2.47 0.35 
2.20 0.37 
1.89 0.36 
2.44 0.36 
2.43 0.30 
2.84 0.44 
2.73 0.36 
2 .61  0.36 
3.38 0.39 
2.80 0 .46  
3.26 0 .41  
3.70 0.45 
3.63 0.48 
3.67 0.43 
3.60 0.60 
3.28 0.48 
3.29 0 . 4 1  

ABNl 

ROST 
ROST 
ROPB 

SRRR 
ROST 
SRRR 
ROSK 
ROST 
ROSK 
SRRR 
SRRR 
SRRR 
SRRR 
ROST 

SRRR 
SRRR 
ROST 

SRRR 

ROST ROPB 

ROPB SRRR 

ROPB 

ROPB 

ROST 

ROST 

ROST 
ROST 
ROST 
ROST 

ROST 

DIUR ROST 

Status:  1 = Live;  2 = E a r l y  Resorpt ion; 4 = La te  Resor t i o n  
Sex: Yale = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f  i c a t i o n  o f  .!normal i t i e s  [ABNn] 



n-Hexane Rat Terato logy Study: Raw F e t a l  Data 24 6 I w x 
......................................................... l@@0 pprn n-Herane-------------------------------------------------.----- 

(D (D 
3 x 
a o, 

Mat S i t e  S ta tus  Sex 
No 

664 13 1 2 
684 14 1 2 
689 1 1 2 
689 2 1 2 
689 3 2 
689 4 1 i 
689 6 2 
689 6 1 i 
689 7 2 
689 8 1 i 
689 9 2 
689 10 1 i 
689 11 1 2 
689 12 1 2 
689 13 2 
689 14 1 i 
697 1 1 1 
697 2 2 
697 3 1 i 
697 4 1 1 
697 6 1 2 
697 6 1 2 
697 7 1 1 
697 8 1 1 
697 9 1 1 
697 10 1 1 
897 11 1 2 
697 12 1 2 
697 13 1 2 
697 14 1 2 
768 1 1 2 
768 2 1 1 
768 3 1 2 
768 4 1 1 
768 6 1 2 
768 6 1 1 
768 7 1 2 
768 8 2 
768 9 1 i 
768 10 1 2 
768 11 1 2 
768 12 1 1 
768 13 1 2 
768 14 1 2 
768 16 1 2 

F e t a l  
W t  (Q) 

ABNl ABN2 ABN3 ABN4 ABN6 

ROVE 

ROST 

ROST ROVE 

ROST ROVE 

DIUR 

ROST ROPB 

ROST 

ROPB 

ROPB 
ROPB 

ROST 
ROST 
ROST ROPB 
ROPB 

ROST ROPB 

Sta tus :  1 = L ive;  2 = E a r l y  Resorpt ion; 4 = L a t e  Resorpt ion 
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  abno rma l i t i e s  [ABNn] 
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P 3 
n-Hexane Rat Terato logy Study: Raw F e t a l  Data 26 'C1 I 

"u x ......................................................... 1000 ppm n-Haxane------------------------------------------------------ co co 
3 x 

Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 f3.. 5 
No Wt(9) Wt(0) 

X 0 

906 12 1 1 3.66 0.67 c 
I rt 

906 13 1 1 3.66 0.48 
906 14 1 1 3 .61  0.63 1-3 14 
906 16 1 1 3.63 0.61 DIUR ROST x fi 

0 (D 

906 16 1 1 3.62 0.43 r- ru 
911 1 1 2 3.07 0.32 0 rt 

2 
0 0 

911 1 2 2.49 0.33 r P 
91 1 3 1 2 2.97 0.38 o o 
911 4 1 1 3.46 0.38 9 9 

% L C  
911 6 1 1 3.69 0.39 
911 6 1 2 3 .41  0.46 u V, 
911 7 1 2 3 .11  0.39 rt c P, rt 

91 1 8 1 1 3.42 0.39 W a 
91 1 9 1 1 3.36 0.42 LC 

91 1 10 1 2 3.46 0.38 
911 11 1 1 3.40 0.39 
91 1 12 1 2 3.17 0.40 
91 1 13 1 2 3.28 0.37 
911 14 1 2 3.16 0.33 
91 1 16 1 2 3.40 0.42 
911 16 1 2 3.36 0.38 
91 1 17 1 2 3.78 0.46 
918 1 1 1 3.48 0.42 ROST 
918 2 1 1 3.68 0.63 
918 3 1 2 3.24 0.48 
918 4 1 2 3.66 0.60 
918 6 1 2 3.62 0.48 DIUR RPCA 
918 6 1 2 3.34 0.44 
918 7 1 2 3.66 0.39 
918 8 1 1 3.67 0.46 
918 9 1 1 2.29 0.24 ROSK ROST ROPB 
918 10 1 1 3.27 0.46 ROST 
918 11 1 2 3.32 0.42 KOST 
918 12 1 2 3.69 0.37 ROVE 
918 13 1 2 3.70 0.44 
918 14 1 2 3.68 0.40 ROST 
918 16 1 2 3.69 0.62 
918 16 1 2 3.40 0.44 
918 17 1 1 3.23 0.41 
918 18 1 1 3.64 0.47 ROST 
921 1 1 1 3.67 0.40 DIUR 
921 2 1 1 3.78 0.46 
921 3 1 1 4.04 0.41 
921 4 1 1 3.67 0.46 ROST ROVE 
921 6 1 2 3.86 0.40 

Status:  1 = Live;  2 = E a r l y  Resorption; 4 = L a t e  Resorp t ion  
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  abno rma l i t i e s  [ABNn] 



n-Hexane Rat  Terato logy Study: Raw F e t a l  Data  

Mat S i t e  S ta tus  Sex 
No 

Feta  l 
w t  (a) 

P lacenta  ABNl ABN2 ABN3 ABN4 ABN6 
W t  (g) 

0.44 ROVE 
0 . 3 1  DIUR ROST ROVE 
0.46 
0.38 
0.40 
0 .39  
0.42 
0 .41  ROVE 
0.43 
0.40 
0 .41  ROVE 
0.30 
0.46 
0.37 
0.39 
0.33 
0.32 
0.38 
0.42 
0.32 
0.36 
0.37 
0.32 
0.36 
0 .40  
0.34 
0.39 
0.34 
0.43 
0 . 4 1  
0.47 
0.44 
0.44 
0.36 
0.39 
0.43 
0 .40  
0.43 
0.39 
0 .39  
0.40 
0 .40  
0 . 2 1  
0.36 
0 .41  

S ta tus :  1 = L ive ;  2 = E a r l y  Resorption; 4 = L a t e  Resorpt ion 
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  abnormal i t i es  [ABNn] 
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......................................................... 5 iii 
1000 ppm n-Hexan.------------------------------------------------------ 3 X 

a w 
tJ- 9 

Mat S i t .  S t a t u s  Sex F e t a l  P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABN6 X (D 

No Wt(a) Wt(g) 
C) ?J n' 

972 3 1 1 3.48 0.38 DIUR I rt 
972 4 1 2 3.46 0 .40 
972 6 1 1 3.24 0 .28 DIUR ROVE o (D 

I 4  l-3 

972 6 1 1 2.94 0 .29 X ti 
972 7 1 2 2.97 0.38 ROST I-'- @' 

C)  rt 
972 8 1 2 3.36 0 .37 o o 
972 9 1 1 3 .41  0 .37 r r 
972 10 1 1 3.70 0 .40 9 9 

0 0 

972 11 1 2 3.14 0 . 4 1  LC LC 
972 12 1 1 3.32 0.34 u m 
972 13 1 2 3.27 0 .37 w rt 
972 14 1 1 3.48 0 .40 rt C 
972 16 1 2 3.72 0.48 w a 

'C 
972 18 1 1 3.61 0 .32 

S ta tus :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resor t i o n  
Sex: Ya l e  = 1; Female = 2 See Code Sheet  39 f o r  i d e n t i f  i s a t i o n  o f  a!normal i t i e s  [ABNn] 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ppn n-Hexane------------------------------------------------..----- 
m (D 
P X a ru 

Mat Sit.  S t a t u s  Sex 
No , 

F e t a l  
w t  (9) 

P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABN6 
W t  (8) 

0.42 DIUR 
0.37 ROST 
0.44 
0.44 ROST 
0.36 
0.39 
0.44 

0.39 ROST ROPH 

DIUR 

ROPB 
ROST 
ROST 

ROST 
ROST 
ROST 
ROST 
ROST 

ROST ROPB 
ROST ROVE 
DIUR ROST 
ROST 
DIUR RPCA 
ROST ROVE 
ROST 
ROST 
ROST 
ROST ROVE 
ROST 
ROST 

ROST 

S t a t u s :  1 = L i v e ;  2 = E a r l y  Reso rp t i on ;  4 = L a t e  Resor t i o n  
Sex: Male  = 1; Fema l a  = 2 See Code Sheet  39  f o r  i d e n t i f  i s a t i o n  o f  agnormal i t i e s  [ABNn] 
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Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 
No Wt(9) Wt(9) 

ROST ROVE 

ROST 

ROST 
ROST ROVE 
ROST 

ROST 
ROST ROPB 

ROST 
ROST 
ROST ROPB 

ROST 
ROST 

ROST ROPB ROVE 
ROST 

ROST 
ROST 

ROST 

ROST 
ROVE 
ROVE 

ROST 

DIUR 
ROVE 

DIUR ROST ROVE 
ROST ROVE 
DIUR RPCA ROVE 

Sta tus :  1 = L ive ;  2 = Ea r l y  Resorpt ion; 4 = L a t e  Resorpt ion 
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  abno rma l i t i e s  [ABNn] 
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n-Hexana Rat Terato logy Study: Raw F e t a l  Data 3 1  '0 I 

'0 x 
m m ......................................................... 6000 ppm n-Hexane--------------------------------.,----- 9 5e a Pl 
r- 3 

Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 X (D 

NO wt(a) wt(s) 

3.33 0.44 ROST ROVE 
2' 

638 12 1 1 I rt 
638 13 1 1 3.29 0.43 ROVE GI GI 
638 14 1 1 3.61 0.46 o m 
638 16 1 1 3.33 0.62 x n 
638 16 1 1 3.60 0.37 ROVE n ct 

P- Pl 

638 17 1 1 3.46 0.42 ROVE o o 
638 18 1 1 3.22 0.40 

I- I- 
0 0 

642 1 1 1 3.68 0.41 14 9 
642 2 1 1 3.46 0.43 ROVE LC LS 

642 3 1 2 3.62 0.40 tl m 
642 4 1 2 3.63 0.48 ~l rt 
642 6 1 1 3.80 0.44 ct c 

ROST 
P, a 

642 6 1 2 3.79 0.36 '< 

SRRR 

ROVE 

DIUR 
ROST 
ROST 
ROST ROPH 

ROST 
ROST 
ROST 
ROST 
ROST 
ROST 

ROST 
ROVE 
ROST 

ROST ROPE 

Status:  1 = L ive;  2 = E a r l y  Resorpt ion; 4 = L a t e  Resorp t ion  
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  abno rma l i t i e s  [ABNn] 
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Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 
No Wt(9) Wt(9) 

DIUR 

ROPB 

ROST 

ROST 
ROST 
ROST 
ROST 
ROST ROVE 
ROST 
ROST 
ROST 
ROST ROSK 
ROST 
ROST 

ROST 

ROST 

ROST 

ROVE 
ROVE 

ROSK 
ROST 

Sta tus :  1 = L ive ;  2 = E a r l y  Resorpt ion; 4 = L a t e  Resor t i o n  
Sex : Ma l e = 1; Fema l e = 2 See Code Sheet 39 f o r  i dent  i f i s a t  i on o f  a%norma l it i es [ABNn] 
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n-Hexane R a t  Termtology Study: Raw F e t a l  Da ta  3 3 a I a x 

(D (D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ppm n-Hexane------------------------------------------------..----- 3 x 
a PI 

Mat S i t e  S t a t u s  Sex 
No 

F e t a l  P I  acenta  
Wt (€J )  Wt(a) 

3.37 0.33 
2.93 0.37 

2. si 0.40 
3.04 0.31 
3.12 0.34 
3.00 0.32 

2.66 e.ai 
2.61 0.40 
2.97 0.34 
2.79 0.33 

3.16 0.33 
2.99 0.37 
2.99 0.33 
2.80 0.34 
2.88 0.31 
3.12 0.37 
2.46 0.39 
3.16 0.36 
3 .OO 0.46 
3.30 0.39 
2.81 0.38 
3.06 0.36 
2.96 0.40 
2.90 0.33 
2.96 0.38 
3.06 0.38 
2.93 0.38 
3.21 0.43 
2.98 0.39 
2.96 0.37 
3.03 0.36 
2.90 0.31 
2.73 0.32 
3.03 ' 0.22 
2.97 0.36 
3.26 0.36 
2.91 0.40 
3 .O1 0.32 
2.96 0.23 
3.03 0.36 
2.87 0.38 
2.90 0.36 

ROST 
ROST 

ROSK ROST 
ROST 
ROSK ROST 

ROST 
ROST 
ROST 
ROST 

ROST 

S ta tus :  1 = L i v e ;  2 = E a r l y  Resorpt ion;  4 = L a t e  Resorp t ion  
Sex: Male  = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  a b n o r m a l i t i e s  [ABNn] 



n-Hexan. Ra t  Terato logy Study: Raw F e t a l  Data 3 4 

Mat S i t e  S ta tus  Sex F e t a l  P lacenta AENl AEN2 ABN3 AEN4 AEN6 
No Wt(9) Wt(g) 

668 12 1 1 3.07 0.47 

ROST 
ROST SRRR 
ROSK ROST ROPE ROPH 
ROST ROPE 
ROSK ROST ROPE 
ROST ROPE 
ROSK ROST ROVE ROPE ROPH 
ROST ROVE ROPE ROPH 

ROSK ROST ROPE 

ROST ROVE ROPH 
ROSK ROPE ROVE ROPH 
ROST ROPB 

DIUR 
ROST 

ROST 

ROST 
0.34 
0 .36  ROST 
0.34 
0 .36  
0.38 SRRR 
8 .46  
8.36 ROST 
8.36 ROST 
0 .38  
0.36 

0.43 
0 .43  
0 .43 
0.33 ROST 
0.38 ROST 
0.46 
0 .38 

Status:  1 = L ive ;  2 = E a r l y  Resorpt ion; 4 = La te  Resor t i o n  
Sex: Ma l e  = 1; Fena l e  = 2 See Code Sheet 30 f o r  i d e n t i f  i s a t i o n  o f  a%nornal i t i e s  [AENn] 



ZZ'E  
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1 9 ' E  
t 9 ' Z  
€ 6 ' 2  
€0 '  E 
Z 0 ' 8  
I B ' E  
9 t ' Z  
ZZ'E 
t I ' E  
6 t ' E  
I € ' €  
t '1.E 
0'1'E 
Z I ' E  
I t ' Z  
I Z ' E  
EE'E 
9'1'E 
6 0 ' E  
E9 .Z  
6 Z ' E  
0 9 ' 8  
E t ' E  

BdOI 
lSOI 
lS0I 
lS0I 

1SOI 
BdOI lSOI 

BdOI lSOI 

lSOI 

9NBV tNBV ENBV ZNBV INBV 
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Mat S i t e  S t a t u s  Sex F e t a l  P l a c e n t a  ABNl ABN2 ABN3 ABN4 ABN6 
No Wt(9) Wt(9) 

ROST 

SRRR 
ROST SRRR 
ROST 
SRRR 

ROST 

ROST 

SRRR 
SRRR 
ROSK SRRR 
DIUR ROVE 
ROSK ROST 
ROVE 
ROVE 
SRRR 
SRRR 
ROST 

ROST SRRR 
SRRR 
DIUR ROST 

ROVE 

ROST ROVE 
ROST 
ROST 
ROST 

SRRR 
ROVE 

S t a t u s :  1 = L i v e ;  2 = E a r l y  Reso rp t i on ;  4 = L a t e  Resor t i o n  
Sex: Male  = 1; Fema l e  = 2 See Code Sheet  39  f o r  i d e n t i f i c a t i o n  o f  agnormal i t i e s  [ABNn] 
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m m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ppa n-Hexane------------------------------------------------..----- 3 X 
g 

Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 X m 

ROST 
ROST 
ROST 

ROST 

ROST 

ROST 
ROST 

ROST 
ROST 
ROST 
ROST 

ROST 

ROST 
ROST 
ROST 

ROST 
SRRR 
ROST 

ROST ROPB 
ROPB 

ROST 
ROST 
ROST 

Sta tus :  1 = L ive;  2 = E a r l y  Resorpt ion; 4 = La te  Resor t i o n  E Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  a n o r m a l i t i e s  [ABNn] 



n-Hexane Rat  Terato logy Study: Raw F e t a l  Data 38 

Mat S i t e  S ta tus  Sex F e t a l  P lacenta ABNl ABN2 ABN3 ABN4 ABN6 
No Wt(g) Wt(g) 

ROST 

ROST 
ROST 

ROST 
ROST 
ROST 

ROST 
ROST 
ROST 

Sta tus :  1 = L ive;  2 = E a r l y  Resorpt ion; 4 = L a t e  Resorpt ion 
Sex: Male = 1; Female = 2 See Code Sheet 39 f o r  i d e n t i f i c a t i o n  o f  abno rma l i t i e s  [ABNn] 
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APPENDIX D 

ANIMAL HEALTH SCREEN 
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iNVESTIGiTOR ~ ' L < A ~ ~ / / I , E . J L  

EXPEiIIMENT /iCdc,x - 6 7  ZG&/C i+t 
S I  ' 

COST CODE 

BUILDING L S L Z  

PEN, ROOM '?;/ic' / 

LAB NO. LL7/ 
DATE ?/J,/.Iz 

ANIMAL OR SHIPY'NT NO. 2~ ccv7 

SOURCE &!&d k& 'f REC' 0 +'-I -i 6 , 
SPECIES h STRAIN c/) 
SEX,~,n/r,fl AGE l ? 0 . - ' - & - 4 : ~ -  

SPECIMEN SURMITTED AN0 CLItlICAL HISTORY: 
. ? r 

& o i : r - C k  I C  /ta ( S.n?,.Gt -If / - 7 5 6 4 ; :  *6 -10 ' 
I 

,,? d4-1 
/ l' 

J d 

LABORATORY RESULTS 
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Ncgrtrve Control: - k r . :  7 / ~  

--- 
4 , :  /TRm 
Posr:rveConrml: Lc:C77f7 

kgr t lve  Control: - h p . :  / q f L  
A n ~ n u i  4 I i c su l t  - 

TEST: R P ~ P  

Postttve C C & ~ J I :  ' k c :  071 7 5  

Hcgrtlve Control: - m.  : /c/& 
Antma1 I keSul: 

s - - - 
3 - 

s, - - - 
5 - - 
L - - - 
7 - - - 
5 - - - 
C; - - - 
/.-. 

- - 
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HEALTH EVALUATION 

HISTOPATHOLOGY 

ARC Lab. = d 71 i f e - l i l L  Histo Lzb. f .J 

I ,  I0 I . . ,L? I t ;  I d '  I I ,  I I - ( /  1 ' 1 c; L u n a  

I 
0 - I Trachea 

Hzrceri an GI . 
S a i i v a r y  il. 

$ 5  ) , j L ; j L  / . , - jL  I,, j , u j ~  1 , \ ~ L I  m A - J L ~ L ~ L  1 r u ; ~  
F ~ L  ( hk I t d C c  1 h r j i  I N ! L  I b j ~  1 l i , i ~ j  A ; !  1 bj; 1 , u j ~ /  

p , 5 L !  i ( , i ~  1 , j I , I  Z ' h j i  ' t i L  / n j i  v $ ; ~  1 1 
S U D ~ Z " ~ .  L.Y .  ~ 5 ~ 1  I , 5 ' 1  5 1 N /L;L) I n r j ~  { t i c  ! lwL 1 
Heart i v j ~  I y i  I N I L  1 * j ~  I N ~ L  I b r ~  1 ,w I A ~ L  1 A ~ G ~  I /wcz- I 

- I ~ f i 1  L j 7 ;  I & 1 
~ j i - I  ~ j i - /  L ~ L I  , , , S L I  L ~ T  I L -  I 

Liver I 6 1 (-1) I i$ l f e L T ,  
K l d n e v  L 1 I I L S L  
11 eum 1 J 1 :  1 5 1 5 1  1 ~ J L  1 ~ j d l  R ~ L  1 ~ i - c  I A C L  I 
col  on 1 : I P ~ L  I N ~ C  1 ^'SL 1 j 1 5 1 n i i  I u j ~ l  b;c / 

I I I I I I I I I I 
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sc!L;i ' iC -5 L SzczCE C q .  g ? '  $,M ZEf 3 3 4- - ? 5 
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SEX F AGE 2. 0. 2 ' c 6 - 5  L 
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n-HEXANE RAT TERATOLOGY STUDY 
(Final Report) 

Quality Assurance Statement 

Listed below are the phases andlor procedures included in the study described in this report which 
were reviewed by the Quality Ass-uance Unit during the period, 3/1/86 - 6130186, specifically for this 
study and the dates the reviews wcre performed and findings reported to management. (All findings 
were reported to the study directoi or his designee at the time of the review.) 

Date Findings Submitted 
in Writing to 

PhaseJProcedure Reviewed Review Date Study DirectorManagement 

Dosing 
Animal Receipt 
Randomization 
Health Screen 
Animal Identification 
Data 
Mating 
Body Weights 
Dosing 
Necrops y 
Data 
Draft Report 
Final Report 

* Reviewed specifically for thi? study. 

a k L ;  ,>? J. ,EL.= 
Quality Assurance Specialist 

,- 

17% &A-Y~L- / / 6 / b ' 6  --- 
Quality Assurance Specialist Date 
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INHALATION REPRODUerZVE TOXICOLOGY STUDY PROTOCOL 
n-HEXANE 

I. TITLE: Teratology Study of n-Hexane in Rats 

11. PURPOSE OF STUDY 
The straight-chain hydrocarbon, n-hexane, is commonly used as a solvent for the 

extraction of oil seeds, as a reaction medium in the production of polyolefins, elastomers and 

pharmaceuticals, and as a component of quick-drying cements, lacquers and adhesives. The 

production of n-hexane, which was estimated to be four billion pounds per year in 1979, 

utilizes stocks of straight-run gasoline and higher boiling liquid products stripped from natural 

gas or p&ic  hctions of refinery streams. It is also found as a minor component of 

gasoline and its combustion products, hence petroleum products are a major source of 

environmental hexane contamination. Due to the large-scale production and widespread use of 

hexane, including teaching laboratories, the opportunity for industrial, incidental 

environmental, or volitional (glue-sniffmg) exposure to hexane vapors is ~ i ~ c a n t  The 

studies described herein are proposed as a result of a concern that this exposure may result in a 

negative impact on human reproductive function. 

Several excellent reviews concerning hexacarbon toxicity and metabolism are available 

in (edited by Spencer and Schaumburg, 1980) and 

in CRC Critical Reviews in Toxicoloq (Spencer, Schaumburg, Sabri, and Veronesi, 1980). 

In summary, polyneuropathies have been reported following exposure of workers to 

n-hexane contained in adhesives or when used as an industrial solvent as well as following 

repeated volitional exposure by glue sniffmg. A metabolite, 25-hexanedione, has been 
shown to be responsible for most, if not all, of the neurotoxicity. Younger rats appear to be 

less sensitive to n-hexane neurotoxicity than are older animals. It has been suggested that this 

difference may be due to their having shorter axons with smaller diameters, or to a greater rate 

of growth and repair in peripheral nerves compared to that of adults (Howd et al., 1983; 

Kimura et al., 1971). Likewise, Graham and Gottfried (1984) hypothesized that mice are Iess 

sensitive than rats to gamma-diketones, such as 23-hexanedione, because myelinated axons in 

mice are shorter and have smaller diameters than the corresponding axons in larger species. 

Pharmacokinetic and distribution studies of inhaled n-hexane have indicated that the 

hexane saturation concentration of organs is directly proportional to their lipid content, and that 

blood contains more hexane in relation to its lipid content than do organs (Andersen, 1981; 
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Bohlen et al., 1973). Baker and Rickert (1 98 1) found that the metabolism and elimination of 

n-hexane were dependent upon exposure concentration, but that the tissue concentration of the 

metabolite, 2 J-hexanedione, was not directly reIated to n-nexane exposure concentration. Bus 

et al. (1982), using 14c-labeled n-heme in 6-hour exposures, found that the distribution of 

radioactivity was dosedependent. 

In studies designed to address the possiblity that exposure to hexane may affect 

prenatal development Bus et aL (1979) also determined the distribution and half-lives of 

n-hexane (t1/2= 1.2 hr ) and 23-hexanedione (tlt2=3.9 hr) in maternal organs and fetuses 

exposed to n-hexane during gestation. Concentrations of n-hexane and its metabolites in 
fetuses were approximately equal to those in maternal blood. Nevertheless, they observed no 

statistically siNcant effects on intrauterine mortality, fetal body weights or the incidence of 

fetal anomalies following 6-hour daily inhalation exposures to 1000 pprn of n-hexane from 

8-12,12-16, or 8-16 dg. Growth of pups was impaired during the fmt 3 postnatal weeks in 

the group exposed fiom 8- 16 dg, but the possibility of maternally-mediated effects or postnatal 

exposure via milk was not examined. 

Other developmental studies include those of Marks et al. (1981) who found that oral 

administration of n-hexane (2.2 gkg) daily from 6 through 15 dg in rats produced one maternal 

death, but no fetal effects. When they administered 2.8,7.9 or 9.9 gfkglday of n-hexane as 3 
daily doses, maternal mortality was increased in a dose-related manner and fetal weight was 

reduced at the two higher dose levels, but no fetal malformations wen observed 

Exposure of female rats for 7 hours per day to hexane vapor at concentrations up to 

10,000 ppm for 15 days prior to conception and through 18 dg produced neither signs of 

neuropathy nor indications of effects on postnatal maturation and growth of the pups (Howell 

and Cooper, 198 1; Howell, 1979). No effects on the visual (VER) or interhemispheric (MR) 

evoked response of anesthesized offspring were found in one series of experiments. 

However, in a second set of experiments, there was an increased amplitude of the VER peaks 

in unanesthesized 45day old pups of the high-concentration group. 

These studies are rather convincing relative to the absence of rnorphologic effects 

(despite the low exposure concentration of 1000 ppm in one rat study). Although the altered 

VER may suggest functional impairment of the fetaVneonata1 nervous system, the more Likely 

explanation - maternal toxicity - has not been addressed. While it is tempting to conclude that 

fetal and neonatal rats and mice are relatively resistant to the effects of n-hexane exposure, 

these conclusions are based on incomplete evidence. In order to provide more definitive 

information regarding the teratogenic potential (or lack thereof) of n-hexane the following 
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study will be performed with the goal of maximizing maternal exposures during gestation. 
Since it appears that toxicity is a function of concentration vs. time factors, an adequate 

assessment of the te~,alogic potential requires evaluations after prolonged exposures to high 

concentrations in several species. To accomplish this, the study in rats defrned in this protocol 
will employ multiple levels ranging up to the maximum practicable concentration-5000 
ppm-for 20 hour per day. These exposures will extend throughout the late implantation, 

organogenic, and fetal development stages (ie., 6 through 20 dg), with detailed teratologic 
evaluations performed at 20 dg. A similar study will be performed with mice to obtain 

comparative data in another species. To examine the potential for neurotoxicity, subsequent 
studies in rats will be performed using the same prenatal exposure regimen in addition to a 
postnatal exposure, in which primary emphasis would be placed on evaluation of postnatal 
growth, development, and sensory-motor functions. 

Reported effects on lipid metabolism suggest the possibility that the ovaries and/or 

ovulation may be affected by inhalation exposure. Although the limited data of Howell and 
Cooper 0981) regarding preconception and preimplantation exposure indicate that the ovary is 
not a target organ for n-hexane toxicity, the lack of information on the uptake of n-hexane or its 
metabolites into the ovary is disturbing. Since the need for a specific study is not immediately 
justified, the ovaries fiom the pregnant animals in this study will be preserved at necropsy and 

provided to another laboratory (designated by the sponsor) for oocyte enumerations. An 
additional group of animals will be exposed concumntly to determine the effect of n-hexane 
exposure on virgin female rats. 

SPONSOR AND SPONSOR'S REPRESENTAmL 

A. Sponsoc: 
National Institute of Environmental Health and Safety 
National Toxicology Program (NTP) 
P.O. Box 12233; 
Research Triangle P a . ,  N.C. 27709 

B. Sponsor's Re~resentativa: 
Dr. Bryan Hardin 
Dr. Bernard Schwetz 

TESTING LABORATORY 

A. Facilitv 
Pacific Northwest Laboratories (PNL) 
P.O.Box 999; Richland, Washington 99352 
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B. &dv Co-Directas: 
Dr. Melvin R. Sikov 
Dr. Patricia L. Hackett 

V. PROPOSED SCHEDULE OF EVENTS (This proposed schedule may be altered. All changes 
will be appended to the protocol.) 
A. Prestart audit for GLP compliance: 43086 

B. Animals arrive: week of 3/3 1/86 
C. Quarantine, health evaluation and identification of females: 3/3 1/86 - 4/28/86 

D. Initiation of breeding procedures and randomization of animals into treatment groups: 

4/28/86 
E. Initiation of exposure: 5/5/86 
F. Initiation of nempsies: 5/19/86 
G. Evaluation of fetal specimens and data: 51 19/86 - 7/15/86 

H. Completion of draft report: 8/15/86 
I. Completion of final report: 10/15/86 

m. IEsxmnm 
A. Rat 
B. a: Outbred derivative of Sprague Dawley [Crl:CD(SD)BR] 

C. pumber of Animals and Su* 260 female and 60 male animals will be purchased from 
Charles River Breeding Laboratories, Raleigh, NC 

D. Age of Animals Upon Amvd: 7-8 weeks 
E. Ex~erirnental Animals (Fern&& 40 rats (to be exposed as virgins) will be randomly 

selected and assigned to four dose groups (101group) from the total female pool 
(0B-DT-3B0B). The remaining female rats will be mated by placing two females with 
one male overnight in a breeding cage (0B-DT-3B0D). Nine AM of the day that 
copulation is established (by determination of sperm in the vagina) will be designated as 

0 dg. 
F. Number of Animals in Study: A minimum of 30 sperm-positive females (to obtain 20 

pregnant females) and 10 virgins will comprise each of the four treatment groups. The 
minimum number of sperm-positive females to be exposed will be 120. 

G. Test Svstem Justification: The use of rats as a test system was specified by the sponsor. 
Since differences in sensitivity to induced neuropathies following exposure to the hexane 

metabolite, 2,5-hexanedione, have been reported for rats and mice. Data from this study 

will be compared with the results from a concurrent teratology study in mice which will be 
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performed using an identical exposure regimen. 

VII.TEST SYSTEM HOUSING. HAND1 .mG A N D  F.NVIROWIDTATd CONDITIONS 

A. m n t i n e  and Acclimation: 

1. Upon arrival at PNL, the animals will be quarantined (0B-AR-3F03) for 3-4 weeks in 

the LSL-11 Building. 

2. Temperatures in al l  rooms will be maintained at 73 f 3 9 and relative humidities at 50 

+ 15% during the quarantine, acclimation and exposure periods. These values will be 

measured and recorded twice daily. 

3. During the quarantine period the animals will be housed by sex, 5 rats per cage, in 

wire-mesh cages. 

4. During the breeding period the animals will be housed (2 fema1es:l male) in the 

quarantine room. 

5. Sperm-positive females will be acclimated from 0 to 3 dg in individual compartments 

of wire-mesh cages within exposure chambers (with chamber doors open). On 3 dg 

the animals will be moved to the exposure room and put into chambers. Chambers 

doors will be closed and baseline environmental data recorded until the beginning of 

exposure to the chemical. Virgin females will be acclimated under the same 

conditions. 

B. m: NIH-07 Open Formula Diet (pellets) will be provided libitum during the 

acclimation and experimental period Feed will remain in place during the exposure period 

and will be changed daily. 
C. P a n d o e :  Virgin females will be randomly chosen and assigned to dose groups on 

the day of eartagging and fmt weighing. Weights will be ranked from lightest to heaviest 

and then each animal will be randomly assigned to a treatment group by means of a 

computer-assisted randomization program which is based on a single blocking factor, body 

weight (0B-DT-3B0B). On the day of sperm detection (0 dg), the mated rats will be 

weighed and assigned to dose groups as defined above. 
D. Iden ti ficatioq: 

1. All female rats will be individually identified by metal ear tags prior to mating 

(0B-DT-3B0 1). 

2. Exposure groups will be designated by distinctive toe clipping and by placement 

within the individual compartments of the chamber cage units (0B-DT-3B0 1). 

3. Cage maps (0B-DT-3B03) showing placement of individual animals in each cage unit 

of the exposure chamber will be prepared and updated daily. ~achexposure chamber 
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will be idencied by chamber number and exposure level. The proposed arrangement 

of the exposure chambers is included in Attachment 1. 

E. Animal Disease screen in^ R o m m  (0B - AR - 3FQJ21 : Approximately 2-3 weeks after 

receipt of the animals, five females and five males will be examined for internal and 

external parasites and bacterial pathogens; their sera will be tested for antibodies to selected 

pathogens and histopathologic examinations of lung, liver, kidney, ileum, colon and heart 

will be performed At necropsy, serum from 5 animals in the control group and 5 from the 

high dose group will be tested for antibodies to selected pathogens. 

Vm- 
A. Chemical name: n-Hexane 

B. Formula: CH3(CH2)4CH3 

C. Manufacturef: Phillips Chemical Company 

D. Source: Research Triangle Institute, Research Triangle Park, NC 

E. CAS NO.: 110-54-3 

F. NTP NO.: 10189-N 

G. LOT No.: RTI log number: 491 1-100-01 

PNL lSt Shipment: BNW 50846-39 

H. Date of Receipt: lSt Shipment 2/12/86 
I. Test Article Preparation and Storage Areas: 2-day reserve in Rms 3 1 1 or 3 15 LSL-II; the 

remainder in the Research Technology Laboratory (RTL) chemical storage facility. 

J. The vehicle control will be fdtered air. 

K. Analytical Chemistry: 

1. Upon receipt, identity and gross purity analyses of the bulk chemical will be 

performed by infrared spectroscopy. Gas chromatography (GC) will be used to 
determine purity by major peak comparison and also to generate an impurity profile 

(0B-AC-3A15). Upon completion of the animal exposures GC will be used to 

determine test material purity and generate an impurity profile. 

2. n-Hexane concentrations within the exposure chambers will be monitored 

(0B-AC-3B 1P) using an HP-5840 gas chromatograph calibrated by the method 

detailed in 0B-AC-3C0W (see Attachment 1). 

M. DESCRrPTlON OF TNHALATTON EXPOSIJRE SYSTEM 

The inhalation chambers will be located in Room 436 of the LSL-IT building. A detailed 
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description of the inhalation exposure system to be used in this study is included in Attachment 
1 of this protocol. 

X. EXPERLMENTAL DESTGN AND DOSE LEVELS 

A. Ex~erimentaI Desi~q: Four groups of animals, consisting of at least 30 sperm-positive rats 

in each group, will be exposed to the test chemical on 14 consecutive days (6 dg through 

19 dg). The animals will be necropsied on 20 dg for maternal and fetal evaluations. 

In addition, 10 virgin females will be added to the control and to each dose group for the 

purpose of obtaining ovaries for quantitative follicle counts. These animals will be 

exposed for 14 consecutive &ys concurrently with the spenn-positive animals and 

sacrificed the day following cessation of exposure. 

B. Exposure Regmen: Target chamber concentrations of n-hexane will be 0 (filtered air), 200, 

1000 and 5000 ppm Sperm-positive rats and the virgin females will be exposed for 20 

hrslday for 14 consecutive days. Control rats (0 ppm) will be housed in an exposure 

chamber in the same room, and will be handled in the same manner as the rats that are 

exposed to the test chemical. The exposure chamber doors will be closed throughout the 

exposure and nonexposure periods, except during animal care procedures. Exposure 

chamber temperatures will be maintained at 75 k 3 OF and relative humidities at 55 + 15%. 

Air flow will be maintained at 15 + 3 cfm and the chamber pressure at approximately 2.5 

cm (1 inch) water negative with respect to room pressure. 

C. SeIection of Atmospheric Concentrations: The maximum exposure chamber atmospheric 

concentration of hexane, 5000 ppm, is 50% of the LEL (lower explosion limit). In order 

to maximize maternal exposure the exposure time is extended to 20 hrlday for all doses; 

exposure concentrations and duration were approved by the Co-Project Officers. 

XI. EXPERIMENTAL OBSERVATIONS 

A. Clinical Observation$: The animals will be observed daily for mortality, morbidity, and 

signs of toxicity. The date and time of death or euthanasia of moribund animals will be 

recorded and the animals will be necropsied according to 0B-DT-3B0F. 

B. Bodv W e i ~ h t ~ :  All female rats wiIl be weighed during the week prior to mating. Virsin 

females (101group) will be randomly selected at this time (see Randomization, pg. 5). After 

breeding sperm-positive females will be weighed on 0,6, 13, and 20 dg (0B-DT-3B0C). 

Virgin females will be weighed on the lSt and 7m day of exposure and on the day of 

necropsy. The body weight on 0 dg will be used for randomization of sperm-positive 

animals (0B-DT-3B0B) into four exposure groups. 
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C. Scheduled Necro~sy: The rats are scheduled to be euthanized with C02 on 20 dg. At 

necrmsy (0B-DT-3B0G) maternal animals will be weighed and examined for gross tissue 

abnormalities. To document the presence of lesions which may be due to chemical 

exposure, any organs or tissues with lesions will be preserved in neutral buffered formalin 

(NBF); in this case, comparable organs or tissues from approximately 20% of the control 

animals will be preserved in NBF; all other tissues will be discarded. The gravid uterus 

will be removed and weighed, and the number, position and status of implants will be 

recorded. The placentas will be weighed and examined. The identity of live fetuses (by 

study, dam number and uterine position) will be retained throughout all examinations and 

archiving. Live fetuses will be examined for gross defects, their sex will be determined 

and they will be weighed. Visceral examination (Staples, 1977; 0B-DT-3B0G) and 

examination of skeletons (prepared by the method of Kimmel, C., personal 

communication, 1985 and Hendrickx, A.G., personal communication, 1985; 

[0B-DT-3BQK;l) will be performed on all fetuses live at maternal sacrifice; approximately 

50% of the fetal heads will be examined by razor-blade sectioning of f d  preparations 

(Wilson, 1965; 0 ~ - D T - 3 ~ 0 0 .  Records of morphologic lesions observed in gross and 

visceral examinations will include photographs (0B-DT-3B0J) of representative lesions. 

Both ovaries from the virgin females and one ovary from each of the pregnant females will 

be collected at the time of sacrifice (0B-DT-3B 13. Collected ovaries will be fmed in 

Bouin's Fluid for 24 hr then transferred to 70% ethanol and sent Dr. Mattison at National 

Center for Toxicological Research, Pine Bluff, AK for sectioning and quantitative follicle 
counts. 

D. Jndices of Effects: The following parameters, expressed as mean f SE, when appropriate, 

will be computed from data for inseminated animals and their litters and will be presented 

in the Final Report for each treatment group: 

Number of dead maternal animals, animals removed from the study and reason for 

removal 

Summary of maternal toxicity, including incidence of changes detected during clinical 

observations 

Number and percent pregnant 

Maternal body weight on 0,6, 13, and 20 dg 

Weight of gravid uterus 

Extragestational weight and weight gain 
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Number of implantation sitesfitter 
Number of litters with live fetuses 

Number and percent of live fetusesfitter 

Body weight of live fetusesllitter 

Body weight of live male and female fetusesflitter 

Placental weights f h m  live fetusesfitter 

Sex ratio of fetusesfitter 

Number and percent of early and late resorptionsllitter 

Number and percent of non-live/litter (early and late resorptions and dead fetuses) 

Listing of malformations and variations observed in fetusesflitters 

Number and percent of malformed fetuses 

Number and percent of litters with malformed fetuses 

XlI.pROPoSED STATISTICAL METHODS 
The methods proposed for the statistical analyses of representative maternal, reproductive and 

fetal indices of effects are listed in Table L 

XIIL STORAGE OF STUDY MATERTAU 

All raw data and study records will be retained in the Project Office (room 15 19); all tissues 

and fetal specimens will be temporarily stored in the Teratology Laboratory (room 1428). Both 

of these rooms are located in Life Science Laboratory IX, Battelle, Pacific Northwest 

Laboratories. All tissue specimens will be shipped to the NTP Archives. Records generated in 

the conduct of the study will be rnicrofiched. Computer tapes of biological data, the original 

and one copy of the microfiche, and the microfiche index will be sent to Dr. Schwetz (NEHS) 

for storage in the NTP Archives. One copy of the microfiche and the microfiche index will be 

sent to Dr. Hardin (MOSH). The Quality Assurance Unit at PNL will retain the following 
materials: 

Personnel training and experience records and job descriptions (a list of people who 

participated in the study is sent to NTP archives). 

Maintenance and calibration records of equipment used on the study. (Exception - if 
the equipment is government-owned, the records would accompany the equipment) 

Bound PNL laboratory notebooks. 
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TABLE 1. PROPOSED STATISTICAL METHOOS 

ARCSlN TRANS- CHI- FISHER'S TREND TESTS 
INOICES FORMATION ANOVA SQUARE EXACT ARMITAGE ORTHOGONAL 

MATERNAL: 
Number/percent dead 
Body weight 
Weight of gravid uterus 
Extragestatlond weight 

REPROOUCTNE: 
Numbw/percent pregnant 
Numberdi+tion 

Number/- resorp 
WwiiUar 

~umkc/percecrt litten 
W i m  raotphns 

FFTAL: 
Body welght . 
Sex ratio . . 
Nufnhrlp.rcart of liners 

win m d c m d  hluses 
F)urnber/pefcwi d 

ndfamdfeuses 
FClmber/pe4fcm of d- 

lamed fetwmdiier 

Analysis of variance (Steel and Tonis. 1980) 
Chi-ware test (Siegel. 1956) 
Fisher's exact test (Siegel, 1956) 
kmitage's trend test (1  955) 
Orthogonad contrast tend test (Winer. 1971) 
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XIV.RECORDS RETENTTON 

The following records, generated during the course of the study, will be maintained at PNL 

until they are shipped to the NTP archives. Some of these lecords may be presented in the 

protocol or in study reports. 

A. Personnel Records: 

1. Current professional resume and job description for each person recording data. 

2. Safety Training records, including respirator and hazardous material, and specific-task 

training records. 

3. Accidentfinjury reports for personnel in contact with the test material or test system. 

4. Record of removal of any individual, because of illness, from direct contact with the 

test system. 

B. Sf3ldvProta:  

1. Study protocol prepared prior to the initiation of the study and approved by the PNL 

Study Director(s), the PNL QAU Officer and the NTP Project Officer(s). 

2. All amendments to the study protocol resulting from modifications in the study or time 

schedule. 

3. A record of any deviations from the protocol and corrective actions that could affect the 

integrity of the study. 

C. B u i ~ m e n t  Recor&: 

1. Schedule for cleaning, calibrating, inspecting and maintaining equipment 

2. Documentation of routine cleaning, inspection, calibration, and maintenance of 

equipment 

3. Documentation of any nonroutine maintenance 

a. Description of malfunction. 

b. Description of remedial action taken. 
D. Test Materials Records: 

1. Test materials identity records including manufacturer, quantity, lot number(s) and 

purity grade. 

2. Records from NTP analytical contractor concerning characterization, bulk stability and 

shipment. 

3. PNL records for receipt and storage of material, including storage conditions. 

4. PNL records for bulk analysis and degradation. 

5. PNL records of inventory, usage and shipment of unused test material to the NTP 
repository. 
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E. n e l i v q  System for Test M W :  
1. Detailed descriptions of systems for exposure control, test material generation, animal 

~,posure and data acquisition. 

2. Chamber concentration monitoring records including chamber uniformity and 

equilibrium tests and test system exposure records. 

3. Chamber environmental data (temperature and humidity), chamber vacuum and airflow 

data. 

F. Animal Records: 
1. Animal receiving records including supplier, species, strain, birth week, sex, number 

of animals of each sex, receiving date and condition upon receipt 

2. Health evaluation records of findings, written release from quarantineJacclimation or 

reasons for rejection for use.in the study and results of serologic examination at 

sacIifice. 

3. Housing records for quarantine, acclimation, mating and exposure to the test material, 

including room location, temperature, relative humidity, lighting cycle, caging type, 

number of animals per cage, location of chambers within the exposure room, cage 

assignment of individual animals within the exposure chamber and sanitation 

procedures (frequency and methods of cage and room cleaning/stailization). 

4. Feed records of commercial source and product information (feed tags, lot numbers 

and milling dates), analyses and mode and frequency of feeding. 

5. Records of mode and frequency of watering, annual analysis and weekly water 

hardness tests (records are maintained in ofices of the building engineer or building 

manager). 

6. Animal disposition records. 

G. MY T m p l e m d o n  and Conduct Recorh: 
1. Mating records and assignment of animals to treatment groups. 

2. Body weights. 

3. Dates of exposure intervals for individual animals. 

4. Daily observations. 

5. Time of deathleuthanasia of animals occurring prior to scheduled sacrifice and results 

of gross necropsy. 

6. At scheduled sacrifice, gross necropsy findings in maternal animals; number and 

placement of implantation and resorption sites; number and placement of live and dead 

fetuses; placental weights; fetal body weights and sexes; results from external, 

visceral, head and skeletal examinations; photographs of representative fetal 
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morphologic alterations. 

H. All relevant correspondence. 

I. Revom: 

1. Literature Survey and Recommendations for Studies 

2. Monthly Progress Reports 

3. Draft Final and Final Reports 

J. 1 1 s  1 :  

1. Study data and statistical analyses. 

2. Analytical data 

3. Exposure suite control center computer printouts. 

K. ,Standard opera tin^ Procedure$: The list of SOP'S to be used in this study appears in 

Attachment 2. 

L. Health and Safety Records: 

1. NTP safety and toxicity package. 

2. PNL Biohazard Protocol and Health and Safety Plan. 

3. Personnel respirator and hazardous material training records; accidenthjury reports. 

4. Monitoring records of ventilation system, hoods and exhaust systems used in this 

study. 

5. Relevant sections of the Health and Safety Monthly Progress Reports. 

6. NTP site visit reports, attention items and related correspondence concerning health 

and safety. 

XV. OTHER SPECTFTCATTONS 

A. This study will be performed in compliance with the FDA Good Laboratory Practice 

Regulations for Non-Clinical Laboratory Studies (21 CFR 58). 
B. This Protocol will be the controlling document in case of discrepancies between the 

Protocol and SOPS. If discrepancies are noted, the Study Director is to be notified 

immediately to resolve and document the variance between the Protocol and SOP. 

XVI.HEALTH AND SAFETY 

PNL's Health and Safety Plan, which has been submitted for NTP approval, is detailed in 

0B-HS-3s 1C. In addition, a respiratory program is outlined in 0B-HS-3s 1B. This is 

supplemented by an SOP (0B-HS-3s 19) which covers the use of supplied-air respirators 

which will be worn by personnel during periods of animal care while the chambers are open, 

and by an SOP (0B-HS-3s 1A) which covers the use of a self-contained breathing apparatus 
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for use when entering a room under emergency conditions following an accidental release of 

the chemical. 

Personnel training, protective equipment and facilities are designed to conform with DOE 

health and safety requirements and with HeaIth and Safety Minimum Reauirements for 
J.aboratories under Contract to the NTP Systemic Toxicolow Branch, dated November 19, 

1984 and consisting of a basic document of eight pages, Appendix I of ten pages and Appendix 

II of two pages. 

~ ~ f l / a e / ~  
Co-Study Director 

Co-Study Director 

& ixbu- 
Quality Assurance Auditor 

XVIII. APPROVAL BY NTP 

/ 1 

CeStudy Officer u 

Date: u'hh6 

Date: 4hh 

Date: .v'-8-% 

Date: 2a MY 86 

Date: 2 i J  k44~7 /?fL 
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DESCRIPTION OF THE EXPOSURE SYSTPl FOR 
INHALATION REPRODUCTIVE TOXICOLOGY STUDIES 
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EXPOSURE SYSTM DESCRIPTION 

I. A N W  EXPOSURE CHAMBER 
.- 

The Battelle-designed stainless steel chamber (U.S. Patent 
84,236,741) available from Hazleton Systems, Inc., Aberdeen, MD, is used 
for inhalation exposures (Figure 1A). The total volume of the chamber 
is 2.3 m\ the chamber has an active mixing volume of 1.7 m3, the 
remainder being the non-mixing inlet and exhaust volumes. There are 
three levels of caging, each level split into two tiers vhich are offset 
from each other and from the chamber walls (Figure 1B). Drawer-like, 
stainless steel cage units composed of individual animal cages, are 
suspended in the space above each tier. Stainless steel catch pans for 
collection of urine and feces are suspended below each cage unit. Catch 
pans are left in position during each exposure period. Instructions for 
maintenance of these chambers is detailed in SOP# 0B-BE-3D06. 

The chamber was designed so that uniform aerosol or vapor 
concentrations can be maintained throughout the chamber when the catch 
pans are in position. Incoming air containing a uniform mixture of test 
material is diverted so that it flows vertically along the inner 
surfaces of the chamber. Waves are formed (Figure 1B) at each tier as 
the aerosol or vapor flows past the catch pans. Stagnant zones that 
would normally exist above each pair of catch pans are cleared by 
exhaust flow through the space between the tiers. Aerosol or vapor 
reaching the lowest level is deflected across the bottom tiers by metal 
strips in the apace between the catch pan and wall. Tests have shown 
that aerosol or vapor concentrations uniform to within 8% throughout the 
chamber can be obtained repeatedly provided the aerosol or vapor is 
uniformly mixed before passing through the chamber inlet. 

Rats and mice are exposed in individual cages with automatic 
watering. The floor area of an individual mouse cage is 106 cm2 and of 
a rat cage 270 cm2 (representing dimensions 14.0 cm by 7.6 cm with 
height 15.0 cm, and 27.9 cm by 9.7 cm with height 20.0 cm, 
respectively). There are 60 mice or 24  rat individual cages per cage 
unit. Up to six cage units can fit in a chamber. 

I1 EXPOSUS SUITE CONTROL CENTER 

A computer located in the Suite Control Center interfaces with 
system monitors and controls the basic functions of chamber air flow, 
test chemical concentration, vacuum, temperature and relative humidity 
in each of three exposure rooms (Figure 2). The arrangement of computer 
control and interface instrumentation is shown in Figure 3. The 
executive computer is an Hewlett Packard Model 9816. All data 
acquisition and automated system control originates from this computer. 
All experimental protocols related to the data acquisition and control 
system (such as data channel assignments, monitoring frequencies, and 
alarm settings) reside in the executive computer and are entered into 
tables accessed by menus. 
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Data input to the executive computer is accomplished through 
several interface instruments. All gaa chromatographic (GC) data is 
collected and preconditioned by Eewlett Packard Model 85B computers, one 
for each of the exposure rooms. Conditioned data is transferred to the 
executive computer for analysis, storage, printing and concentration 
control. Up to two GCs can be attached to each HPSSB computer. Data 
from all aitoring equipment other than the GCs are inputted through a 
Colorado Data Systems (CDS) Model 53A-IBX,.Intelligent Interface System. 

s&tem control is provided from the computer by means of control 
relays in the CDS Intelligent Interface System. These relays control 
such devices as valves, drive motors, audible alarms, indicator lamps, 
etc. 

A complete description of the software for this system is contained 
in document QB-BE-5E01. Maintenance of the system is detailed in SOP 
#@B-BE-3D0E. Routine operation of the computer system is detailed in 
SOP #@B-BE-3a4. Routine daily operation of the system hardware is 
detailed in SOP #0B-BE-3B2Y. 

C. TEST ARTICLE GENERATION, MONITORING 

1. Eexane Vapor Generation System 

A Schematic diagram of the hexane vapor generation and delivery 
system is shovn in Figure 4. Most of the hexane generator system will 
be enclosed within a vented cabinat locatd in the Exposure Suite Control 
Center. The hexane to be vaporized vill be contained in an 19 liter 
stainless steel reservoir. This reservoir vill be filled daily from the 
original shipping container by the folloving method which is designed to 
prevent explosion during transfer. All oxygen in the reservoir vill be 
displaced with nitrogen. A vacuum vill be applied to the resemoir to 
suck hexane through an eductor tube placed in the shipping container 
into the reservoir. All metal containers vill be properly grounded. 
Transfer will take place in a vented vapor hood and the filled reservoir 
will then be transferred and installed into the generator cabinet. 

During exposure the hexane will be pumped from the reservoir 
through a stainless steel eductor tube and delivery tubes to vaporizers 
located at the fresh air inlet of each animal exposure chamber. Stable 
micrometering pumps vith adjustable drift-free pump rates ranging from 
less than L x LO-= to greater than 20 m l  per minute will be used. 

The vaporizer (Figure 5) comprises a stainless steel cylinder 
covered vith a glass fiber wick from which the liquid is vaporized. The 
wick can be easily and inexpensively replaced if necessitated by residue 
buildup. An 80-watt heater and a temperature sensing element are 
incorporated within the cylinder and connected to a remotely located 
temperature controller. A second temperature monitor is incorporated in 
the vaporizer allowing the operating temperature to be recorded by the 
automated data acquisition system. The operating temperature of the 
vaporizer will be maintained below 50°C (the boiling point of hexane is 
about 70°C). The cylindrical vaporizer will be positioned in the fresh 
air duct leading directly to the inlet of the exposure chamber. 
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A clear--teflone tube of measured volume, preceded by a three-way 
valve will be attached just upstream of the pump to facilitate 
measurement of the liquid flov rate of the vapor generator. Measurement 
will be accomplished by momentarfly svitching the three-way valve from 
the run position to the test position. A-small bubble of air will be 
pulled by the pump from the cabinet through the valve and into the clear 
tube. The progress of this bubble from one end to the other of the tube 
(calibrated volume) will be timed vith a stop watch. Flow rate will be 
calculated by dividing the volume by the time. The concentratfon in the 
exposure chamber can be calculated from the flow measurements of liquid 
and dilution of air. 

All generation eq~ipment~which c o q s  in contact with the hexane 
will be stainless-steel, teflon or viton . At1 equipment contained in 
the vented generator cabinet will be explosion proof. 

Detailed operating instructions for this system are contained in 
SOP'S bB-BE-3B2Y and QB-BE-3DqM. 

2. Test Article Concentration Monitoring 

An HP Model 5840 gas chromatograph with a flame ionization detector 
(FID) will be used to monitor the exposure chambers, the control 
chamber, the exposure room and a hexane standard gas. Sampling from 
multiple positions will be accomplished by means of an automated 
multiplexed eight-port sampling valve. The sampling system (Figure 6) 
is incorporated into the relative humidity (RE) sampling system. 
Samples of the atmosphere from each sample location are continuously 
drawn by a vacuum pump through polytetrafluoroethylene-lined, 
stainless-steel sample lines to a location near the input to the 
eight-port sample valve. This assures fresh samples at the monitor. 
The sample lines, which continue from the point where they "T" off to 
the eight-port valve to the dew point monitor, are polytetrafluoro- 
ethylene. 

Sample values are accumulated and printed by an H2 model 85B 
computer until samples from all eight ports of the sample valve have 
been measured. These values are then sent to the executive computer for 
printing and storage. As each value is sent to the HP 85B, it is 
compared with limit values for that particular location. If the value 
is beyond the control limits, the HP 85B will immediately send the 
information to the executive computer, which will then take the 
appropriate action as follows: 

. Concentration 2 non-critical low limit and 5 non-critical 
high limit: 

No action 

. Concentration < non-critical low limit but 2 critical low 
limit: 

Increase concentration by decreasing chamber air flow. 
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. Concentration < critical lov limit: 

Increase concent:ttion by :.creasing chc ,er air flov and 
activate audibre alarm- 

. Concentration > non-critical high limit but 5 critical high 
limit : 

Decrease concentration by increasing chamber air flow. 

. Concentration > critical high limit: 

~ u m  off generation system and activate audible alarm. 

The monitor will be calibrated by quantitative analyeis of grab 
saqles. Additionally, the operation of the chamber-monitoring gas 
chromatograph vill be checked daily against an on-line standard. This 
check provides a measure of day-to-day instrument drift. Additional 
calibration checks with grab samples will be performed to check the 
monitor calibration when drift of the on-line standard response factor 
is detected. Under normal circumstances, the calibration check will be 
performed once monthly (SOP b0B-AC-3C0W). 

Daily operating procedures for the concentration monitoring 
system are contained in SOP #0B-AC-3BlP. Routine maintenance of the gas 
chromatograph is covered in SOP #0B-AC-3D02, 

The uniformity of the distribution of test chemicals in the chamber 
will be checked before the start of the study folloving SOP #0B-BE-3B24. 

3. Explosive-Level Detector 

Figure 6 shows the explosive-level detection system. Sample lines 
from all chambers containing test chemicals "T" off from the chamber 
sample stream to the dewpoint hygrometer. Equal sample rates from each 
of these lines are controlled by flow meters incorporating five metering 
valves. Sample flov from each line is mixed in a plenum containing the 
explosive-level detector head. The detector will be set to alann if the 
level in any one chamber reaches 20% of the lower explosive limit while 
the level in all other chambers is zero (SOP #0B-BE-3C0U) and 
0B-BE-3C0B). An alarm condition will automatically shut off the flow of 
test compound to all chambers. 

D. ENVIRONMENTAL MONITORING 

1. Temperature Measurements 

Temperatures of the exposure chambers, exposure rooms and, if 
necessary, test chemical generators, are measured by Resistance 
Temperature Devices (RTDs). The RTDs will be placed in a 
representative location in each chamber (a top sample port on the 
back side). Each RTD can be connected to an Ouiega Model 412B 
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digital thermometer by a manual select witch or by computer controlled , 

scanner relays in the CDS IIS (Figure 7). This allova temperature to be 
read manually or to be recorded automatically. All temperature 
measura. ~t equip. .. : except the rOs will be located in the Suite 
Control Center. Temperatures will be automatically recorded at regular 
periods during each 24-hour day. 

The RTD will be calibrated at least once every 2 months (SOP 
fgB-BE-3CgD and @B-BE-~c$L). Calibration vill generate values for 
offset and slope, which will be entered into the computer for each RTD. 
Calibration data vill be included as part of the study archives. 

2. Relative Humidity Measurements 

Relative humidity (RII) will be measured using a EGdG Model 910 
chilled-mirror dewpoint hygrometer located in the Suite Control Center. 
Samples of the air from each measurement location will be pulled through 
individual polytetrafluoroethylene sample lines to a central location in 
the Suite Control Center (Figure 6). This assures a fresh sample of the 
air at the point of measurement. Air from exposure chambers will be 
sampled from a representative location (a top port on the back side). 
Sample air from a particular location passes through a three-uay valve 
to the system exhaust. When the RH is to be meaaured at that location, 
the three-way valve is evitched to divert the flow to the dewpoint 
hygrometer. The valve can be controlled by either a manual 
switch or by a computer-controlled relay in the CDS 11s. This allows 
RH to be measured manually or automatically. Once the dewpoint has been 
determined by the hygrometer, the RH is automatically calculated by the 
executive computer using the dewpoint value (TI) and the drybulb 
temperature (T2), measured simultaneously at that measurement location. 

The following equation is used for this calculation: 

X R H -  L u L x LOO 

where: TI = dewpoint temperature, "F 
T2 = drybulb temperature, O F  

Calibration of the dewpoint hygrometer will be checked before the 
start of the study and at least once every two months thereafter 
(0B-BE-3CBJ and 08-BE-3BlX). The procedure requires comparison of the 
RH calculated by the system monitor to measurements made by calibrated 
dewpoint hygrometer at the sample location. Calibration of the system -- 
monitor can be accomplished by inserting a value for offset and slope in 
the computer for each measurement location. Calibration data will be 
included as part of the study archive. RH will be recorded at regular 
periods during each 24-hour day. 



n-Hexane Rat Teratology Study 
Appendix F - Study Protocol 

3. Chamber Air-Flow Heasurements 

Chamber air flov is measured by a multiplexed orifice-meter system 
(Figure 8). Calibrated flow orifices are.installed at the inlet and 
exhaust of each chamber. The desired flow orifice is attached to a 
Validyne Hodel DP-45 pressure transducer and 0 - 1 8  carrier demodulator 
pressure-meaeurement system through Tygon tubes by means of solenoid 
valvea. The valves can be operated either by a manual switch or by 
computer activated relays in the CDS 11s. This allows flow to be 
measured either manually or automatically. Pressure is read manually on 
a Validyne Hodel PH-12 voltmeter. Usually chamber flow will be measured 
using the exhaust flow orifice; however, after closing of the chamber 
doors, both inlet and exhaust flow measurements will be made and 
compared to determine if there are leaks in the chamber. If leaks are 
present, the executive computer will notify the operator and vill not 
allow exposures to proceed until the leak is repaired. 

All flow measurement equipment, except the multiplexed solenoid 
valves, is located in the Suite Control Center. Flow will be 
automatically recorded at regular intervals during the 24-hour day. The 
Validyne pressure transducer rill be calibrated once each week 
(0B-BE-3C0U and 0B-BE-3C0X). Calibration of the flow orifices will be 
checked once every two months (SOPS #0B-BE-3CBS and 0B-BE-3C0V). 
Calibration of each orifice vill generate coefficients that will be 
inserted into the computer flov equation for each orifice, Calibration 
data will be included as part of the study archive. 

4. -Chamber Vacuum Measurements 

The same Validyne pressure transducer system used to measure 
chamber flows vill be used to measure chamber vacuum (Figure 8). Vacuum 
in the chamber vill be measured relative to atmospheric pressure in the 
Suite Control Room. Vacuum will be automatically recorded at regular 
intenals during the 24-hour day. 

Vacuum will also be continuously monitored by a pressure switch 
mounted near each chamber. If the chamber should develop a leak (for 
example, a door inadvertently opened or a sample port stopper jarred 
loose), the pressure svitch vill immediately shut off the flow of 
compound to the chamber and alert the executive computer of the 
condition. The computer vill activate an audio alarm and print and 
display a comment for the operator. 

E. ENVIRONMENTAL CONTROLS 

I. Animal Facility Air Handling System 

Supply air enters the building through two identical parallel air 
handling systems (Figure 9). Each system consists of a pre-heat coil, a 
filter system, a heating coil,. a chilling coil, and a supply fan. The 
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pre-heat coil heats the air to a minimum of 45OF. The filter system - 
"hich includes a roll filter, pre-filter, and a bag filter - rids the 
air of moat particles, The heating and chilling coils maintain the 
temperature of the air exiting the air conditio.:.-ng system at abou~ 
53'F. The chilling coils also dry the ait to a dewpoint not greater 
than 53'B. 

2. Animal Room Air Randling System 

The air from the two building air handling system is then mixed 
together by an air mixing unit and is divided into tvo ducts which feed 
the rooma on East and West sides of the animal quarters. If necessary, 
steam is injected into the air in these ducts to maintain the RH of the 
room at between 35% and 65%. 

Chamber Relative Humidity (RH) Control 

Figure 10 shows a schematic diagram of the system used to control 
the relative humidity in the exposure chambers. Equipment located in 
the RH Control Equipment Room (Room 335) provides separate ducts of dry 
and moist air to each exposure chamber. A mixing valve, controlled by 
the computer, mixes the proper proportions of the moist and dry air to 
maintain the proper RE in each chamber. 

Filtered air with a maximum devpoint of about 53.F is supplied to 
the RH control equipment by the building air handling system. This air 
is evenly delivered to two ducts. Air from the first duct passes into a 
plenum where steam is injected to bring the air to a devpoint of about 
65OF. This provides moist air to the mixing valves. Steam is generated 
from city tap water with no additional additives. The air from the 
second duct passes through a refrigeration coil which reduces the 
moisture content of the air to a dewpoint of about 38°F. This provides 
"dry" air to the mixing valves. 

Chamber RH is measured by the multiplexed dewpoint hygrometer. If 
the RR is found to be beyond the RH control range, the computer vill 
calculate and make the appropriate adjustment to the mixing valve to 
bring the chamber RH to the desired target value. 

4. Chamber Air-Flow Control 
.- - 

Flow of air through the chamber is maintained by an AIR-VAC 
Engineering Model TDRH 1000 air- multiplier pump located in the exhaust 
duct of the chamber (Figure 11). This air-pressure-driven pump is 
stable, contains no moving parts, and is very reliable. Exhaust air 
from the chamber is HEPA-filtered before passing through this pump to 
remove particles which may reduce pump reliability. The pressure 
regulator, which controls the pump rate, is operated by a motor drive 
system. The motor drive can be controlled by a manual switch or 
automatically by the computer through a relay in the CDS 11s. Fine 
control of exposure concentration will be accomplished by automatically 
adjusting the chamber air flow within the allowable flow limits. Gross 
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adjustments of concentration must be done manually by adjustment of the 
generation system. Maintenance of the chamber air flaw control system 
is covered in SOP #@B-BE-3D@E. 

Exhaust from all chambers is collected into a central chamber 
exhaust duct within the exposure room. The exhaust from the chamber 
pump is rigidly attached tc the central chamber exhaust duct. This 
rigid attachment prevents the poesible escape of test compound into the 
roan. The vacuum level in the central duct is regulated by a motor- 
driven feedback damper to prevent variation8 in building exhaust 
pressure from affecting chamber air-flow rates. 

The air-flow rate in the central chamber exhaust duct is con- 
tinuously monitored and alarmed. If the flow in this duct falls b e l w  
50% of the normal flow, the monitor tripe the alarm vhich immediately 
shuts off the test compound generator syetem. Maintenance and 
calibration of the exhaust duct monitor is covered in SOP #@B-BE-3D@E. 

5 .  Chamber Temperature Control 

Nearly all of the heat load contributed to the exposure chamber by 
the animals is dissipated from the chamber by radiation through the 
chamber walls (Bernstein and D r w ,  1980). Consequently, temperature 
of the air supplied to the chamber has little effect on the temperature 
of the chamber while, on the other hand, the temperature of the room 
housing the chamber has a great deal of effect. For thie reason, the 
major method of chamber temperature will be control of the room 
temperature. However, some cooling of chambers full of animals will be 
affected by the cool incoming air from the chamber's RE control system. 
Typically, a chamber full of animals will require the addition of dry 
air to maintain the proper RE. The dry air from the REf control system 
is cooler than room temperature. On the other hand, some wanning of a 
chamber containing few animals will be affected by the warm air from the 
chamber's RH control system. Typically, a chamber with few animals will 
require the addition of vet air to maintain the proper chamber RH. The 
wet air is equal to or wanner than the room temperature. 

F. CHAMBER EXHAUST WASTE TREAT!fENT 

The exhaust from the central chamber exhaust duct is mixed with the 
exhaust from-the entire animal facility (75,000 cfm) prior to being 
exhausted from the building stack. Dilution of chamber exhaust with 
building exhaust results in an acceptable stack concentration of less 
than 10% of the threshold limit value (TLV) for the test article. 

G. DATA HANDLING 

Data from each exposure room are stored in the Exposure Suite 
Control Center on separate magnetic diskettes by Hewlett Packard Model 
9121 micro-floppy disk drives. Data and coarments from each exposure 
room are printed on separate thermal dot-matrix printers (Hewlett 
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packard Model 21716). Data are printed and stored bmedia.tely upon 
completion of the measurement to a Daily Log (example, Figure 12). At 
the end of the day (24-hour period), the daily data are analyzed and a 
sunrmary.is printe:~ (Figure 13). This s- y includes the mean, 
standard deviation, maximum, minimum and-target values for each set of 
data for-the 24-hour period. A second printout (Fibre 14) provides 
a list of outliers(i.e., all data points which were beyond.the defined 
critical limits). This printout will allow quick review of the data. 

Data handling and analysis procedures are described in the 
SOPS 0B-BE-5E03, !dB-BE-3EaA, and 0B-BE-3EQB. 

H. EQUIPMENT OR POWER FAILURE PROTECTION SYSTEMS 

In the event of equipment failure, or of a short-term pover 
failure, two parameters must be considered moat important to the 
well-being of the animals - temperature and air flov. To understand the 
factors protecting against either of these tvo parameters becoming 
life-threatening to the animals, one must understand both the emergency 
power system and the emergency air handling equipment. 

Parer is provided to the Battelle complex from two separate city 
substations through an automatic switching device. This significantly 
reduces the possibility of losing city power. Parer from the city is 
routed to equipment in LSL-11 through tvo typea of motor control 
centers. One type can switch power to the equipment from either city 
power or emergency power from the LSL-I1 diesel generator. The other 
has access only to city power. The emergency-power-type motor control 
center has a low voltage detector on each leg of the three-phase input 
power. If the city-supplied power should fail or "brown out", these 
detectors automatically start the emergency power diesel generator, and 
route the emergency power to the equpiment supplied by the motor control 
center. 

All equipment critical to the well-being of the animals is 
connected to the emergency-power-type motor control centers. A list of 
this equipment is as follows: 

- Emergency lighting and electrical outlets - Chillers #l and 82 - -%oiler and feedwater pump systems I1 and #2 
- Air compressors #l and 82 - Air supply fans #l and 12 - Air exhaust fans $1 and 82 

It should be noted that there are two identical units of all of the 
equipment that is vital to the well-being of the animals (heating, 
cooling, supply air, exhaust air, and compressed air). Either of the 
two units has sufficient capacity to maintain the animal environment 
within a safe range. In all cases, the emergency power system will 
operate one of the two identical units. If, during a power outage, the 
unit of equipment that is on emergency power should happen to fail, the 
other unit of identical equipment can be manually switched to run on 
emergency power. 
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All building or chamber systems which are essential to the 
survivial of the animals are alarmed. If a system malfunctions, an 
alar in tripped in the pover  operator.'^ office. A poyer :..perator is on 
duty 24-hours/day, 7 days/weak. If the kver -operator is not authorized 
to correct the problem that caused the alarm, he immediately calls the 
appropriate personnel, including the Task Leader(s) or the Principal 
Investigator(s) of the program(s1 affected. 
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FRONT VIEW SIDE VIEW 

FIGURE 1. Inhalation Exposure Chamber Designed a t  BNW 
( A .  Oblique cutaway view of the chamber; 

B .  Airflow patterns) 
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FIGURE 2 .  Schematic Diagram of the Three Exposure Rooms i n  the Automated 
Inhalation Exposure Suite. 
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FIGURE.4. Schematic Diagram o f  t h e  Hexane Vapor Generation 
System. 
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FIGURE 5. Cutaway Drawing o f  the  Hexane Vapor Generator Located 
i n  the  Fresh-Air  I n l e t  Tube o f  the Exposure Chamber. 
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F I G U R E  9. A i r  Handling System for Animal Rooms 
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and Air Flow Control System 
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Era # I :   emo on strati on Program: 85.01 24 July 1985 
-- 

rim. 1 Location 1 Functi-n I Data 

21 : 01 1 Ch *t -- Room 324 

21:18Ch*2--Room324 ~elatrveHumrdity 
21:18 Ch 83 -- Room 324 Flow 
21:19 Ch *2 -- Room 436 Relatrvo Humidity 

V a c w  
V a c u a  

21:2S*Ch 02 -- Room 324 Relatrve Hunidlty 
21:26 Ch 83 -- Room 324 Concentration 
21:26 Ch 82 -- Room 436 Relative Huardity 

Ch 87 -- Raom 436 V- 

FIGURE 12. Example of  "Daily Log" P r i n t o u t  from Data Acqu i s i t i on  
and Con t ro l  Computer. See fo l lowing  page f o r  exp lana t ion  
of columns. 

Temperature 
Relative Huaidrty 
Flow 
Relative Hurridity 
V w  
V ~ C W  
Relatrve Huaidity 
Concentration 
ReIatrveHuaidity 
V w  
Tenoeratue 

21:02 
21:03 
21:06 

1 : 07 
21:08 
21:10 
21:13 

1:16 
21:17 

OK I 46. % 
OK1 16,3 CFtl 

(BSE 65, X 
4 HOH 

< 8 HOH 
<OK I 3S8 X 
OK1 S.000€+1 PPM 

( 8 s  65. % 
<QKE I .TJ  HQH 

71:46 
21:48 
21:50 
2!:53 
21:56 

(BSL- 79.1 F 
OK I 40. X 
OK1 16.3 CFM 

(BSE 65. X 

<OK1 35. % 
OK1 5.000E+1 PPt? 

(BSE 65. % 

Ch *2 -- Room 324 
Ch *3 -- Room 324 
Ch *2 -- Room 436 
Ch *7 -- Roan 436 
Ch rt -- ROOA 324 
Ch 82 -- Room 324 
Ch *3 -- Room 324 

21:16Ch#Z--Room436 
Ch 87 -- Room 436 
Ch *l -- Room 324 

21 :27 LJF 
This rs a demonstration of the comment routrnm. This routlne rs 
avarlable f ron every menu. 

21:40 Ch 82 -- Room 436 IRelattve Hurdrtv I(BSE 65. % 

: 06, Ch 83 -- Room 436 V a c u  mF 1 , S  H flH 

<flKF 8 HClH 
<8SI .8 HOH 
<OK1 35. % 

OK1 5.000E+! PPM 
( 8SE 65.  % 

Ch 87 -- Room 436 1 vacuum 
Ch * I  -- Room 324 
Ch t2 -- Room 324 
Ch 13 -- Room 324 
Ch *2 -- Room 436 Relatrve Hwnidlty 
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DESCRIPTION COMPUTER "LOG BOOK" OUTPUT 

The exposure nLc. ler, exposure name, program ;.i!rsion and exposure date 
w i  11 be printed a t  the t o p  of every report page. 

~f&--Thls is  the far  l e f t  column. This Is  the time that the 
measurement was taken. 

Location--Thi s identi f ies where the data cam from. A1 so referred 
t o  I n  the menus as "LocationY. This column allows for 20 
characters. 

Function--This identifies which function was used t o  take the 
reading. This column allows for 20 characters. 

Data--This f s the raw data. This column includes an alarm code, a 
status code, the data value and a units 1 abel . 

A1 am code--"(" means that the data has exceeded non-critical 
alarm lfmits. 

"en means that the data has exceeded critical 
alarm limits. 

Status code--OK1 - Okay and calibrated. Data i s  included i n  
sumnary . 

OKE - Okay and calibrated. Data i s  not included 
i n  sumnary. 

BSl - Beyond service time. Data i s  included in 
sumnary. 

BSE - Beyond service tfme. Data i s  no t  included 
in sumnary. 

Data format--Data will be expressed as four significant 
digits w i t h  non significant zeros suppressed. 
Number of decimal points was determined in the 
menus. (Functfon Assignments Menu.) 
Exampl es : DODO. 

000. D 
DD. DO 
D. OD0 
.DODO 
D. DOOESZ 

Units label --This column allows 9 characters. Examples: ppm, 
O F ,  OC, HOH. 

NOTE: A t  almost any time during the exposure day, a comnent can be - 
entered from the keyboard. Because o u r  report i s  generated as events 
occur, comnents can appear in the middle of the logbook printout. This 
f i r s t  lfne will show only  the time and the operator's f u l l  name. The 
next lfnes will contain ,the body of the comnent. 

FIGURE 12. (Continued) 
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FIGURE 13. Example of 24-Hour Data "Summation" Printout from 
Data Acquisition and Control Computer. Data are 
organized by data type. 

1- 
(X 41 
a&? 
or03 
01rO) 
a* 
O l d 6  
ad07 

I?, 4 

X Tam 
73.211 
74.30 
73.30 
3.20 
73.31) 
73.4) 
69.41 

Std Ueu Z r F D .  r 
101 
la3 
10l 
?5 
1M 
102 
96 
98 
1cn 

Chd0 1 70.20 

. ta 

.la . 134 
,131 
.13l 
.I39 
.Is0 
.I3 
,131 ha 

J 

75.3 
75.3 

n i m u  V T a m t ,  
1 
2 1 
3 1 
2 
2 
2 I 
1 1 
2 : 
2 74.20 

F l u  
Ch Afl 
ChN 
&Po3 
Chm 
OrdB 
Ch6 
arof 
ChM 

042 
Chd3 2 . 0  
ad4 ::I .o I I:: &a 
Ch 9% 1 3.0 
ch 47 j f t .0  
C h f l  I . 18.0 
Ram 1 2.0 

74.i 
7e.3 
75.3 
6 
76.3 

, 75.3 
74.3 

,300 
.500 

. .400 
,300 
.ZOO 
,400 
.~10 
.410 

72.7 
72.7 

I .  % Tam 
!?%--+?0 

X Tam 

3. 
70. 
700 
3. 
70. 
70. 
3. 
70. 

lcn 96 I pa 11 

.70.7 
72.7 
70.7 
8.7 
68.7 
72.7 
Sa.7 

14.10 
17.90 
15.a 
13.a 

, 10.80 
14.a 
16.31 
14.60 

3 ! 

2 ; 
3 
3 i 

4 j 
3 i 

15 
15 

94 
110 
18 
2 
72 
99 
112 
91 

4 

3td lh % i 
5 . 0  1 I0 , 

6. 
45. 
41. 

10 
10 , 

11 
10 : : o 
I1  
10 

1% ! 2.3 

72.0 
72.0 

10 
15 
1s 
15 
15 
15 
10 

102 
3 
106 
102 
56 

106 

72.0 
72.0 
72.0 
72.0 
72.0 
72.0 

. i7.0 

17.0 
15.0 
12.0 
17.0 
10.0 
17.0 

I ~ I U  N i n i i l  9 T e  

I4 
14 
I4 5.10 

5.a 
5 . 3  
3.10 
5 .M 
3 .a 

15 
16 
18 
15 
1s 
15 

12.0 
12.0 
8.0 
12.0 
14.0 
12.0 

70. 
9. 
3. 
3. 

15.0 
15.0 
15.0 
IS .0 
15.0 
15.0 

3. 
3 0  

M. 
3. 
3. 

1 

45. 1 14 
45. 1 I4 

' 4. 

31. 
45. 
6. 

' 14 1 3, 

14 
14 
14 



n-Hexane Rat Teratology Study 
Appendix F - Study Protocol  

Iutlier Tale far dm i l le : 24 h d y  185 %amre: h t r a h o n  

FIGURE 14. Example of  24-Hour Data "Outlier Table" Printout 
from Data Acquis i t ion  and Control Computer. Table 
shows data which were beyond the  defined operating 
l i m i t s .  
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ATTACHMENT 2 

STANDARD OPERATING PROCEDURES FOR INHALATION 

REPRODUCTIVE TOXICOLOGY STUDIES 
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STANDARD OPERATING PROCEDURES FOR INHAL .TION 
REPRODUCTIVE TOXICOLOGY STUDIES - 

CDS DMM Card Calibration 
Bubbler Sample Collection via the 

Critical Orifce Sample System 
Inhalation Exposure Chamber Balance 
Model 1 Chamber Leak Tester 
Calibration and Check of Chamber Airflow Using Digital Anemometer 
Digital Anemometer Calibration 
Dwyer Manometer Calibration Check 
Validyne Pressure Transducer Calibration 
Filling Out Data Sheets 
EG&G Hygrometer Operation, Maintenance and 

Calibration 
Relative Humidity Determination Via Use of 

Dewpoint Hygrometer 
Exposure Suite Computer Program Documentation 
Exposure Suite Data Analysis Program Documentation 
Exposure Suite Data Analysis Program Operation 
Exposure Suite Routine Computer Operation 
Exposure Suite Routine Data Disk Operation 
Software Change Protocol 
Study Protocol Entry into Exposure Suite Computers 
Exposure Suite Emergency Evacuation Procedure 
Exposure Suite QC, Maintenance and Calibration 
Selection of RTD's and Digital Thermometer Calibration 
Omega RTD Thermometer Calibration 
ERDCO FGD Maintenance & Calibration 
Flammable Gas Detector (ERDCO) Checkout Prcedures 
Hexane Exposure System Daily Operating Procedure 
Hexane Exposure System Quality Control, Maintenance 

and Calibration 

CAL CHEMSTRY AND MONITORING 
Operation of H.5840 Gas Chromatograph for 

Monitoring n-Hexane in Inhalation Chamber 
Calibration of n-Hexane Inhalation Chamber Monitor 
Bulk Chemical Analysis of n-Hexane 
Use of Mettler H5 1 Analytical Balance 
Special Operating Procedure for Care and Use of 

Volumetric Glassware 
Use of Pipets 
Ordering, Receipt, Recording Use and Returning Chemicals 
Labeling of Reagents and Chemicals 
Dispensing Test Material to Exposure Suite Control Center 
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Operation of Toledo Scale (Model 2 120) to Weigh Large 
Containers of Test Material 

-m 
Job Onentation and Training 
Barrier Procedures for LSL% Animal Facility 
Operation and Maintenance of the Clean Conidor Area 
Operation of the Regulated Corridor 
Operation and Maintenance of the Street Corridor 
Moving Animals from LSL II Animal Resources Center 
Management of Animal Feed 
Precleaning Equipment and Operation of Cage, 

Bottle and Rack Washers 
Operation of Steam, Gas and Bulk Sterilizers 
Kaye Digistrip-III Room-Temperature Recorder 
Operation of Garb-El Waste Disposal 
Operation of Clark-A-Matic Floor Scrubber 
Operating Procedures for Pathological Incinerator 
CalibrationIService of Balances 
Biweekly Deep Cleaning of Exposure Rooms 

and Occupied Animal Rooms 
Deep-Cleaning and Sanitizing Empty 

Animal and Exposure Rooms 
Processing Laundry for the LSL II Animal Facility 
Sanitizing Operations Monitoring 
Handling and Changing Out Exposure Chamber and 

Cage Units 
Handling, Changing and Storage of Animal Cages and Racks 
Cage and Rack Change-Out and Rotatation for LSL II 
Changing Out Racks Having Individual-Compartment Cage Units 
Pre-exposure Health Screening for Rodents 
Quarantine of Animals 
Dady Care of Bioassay Animals 

and Cleaning of Exposure Rooms 
Daily Care of Rodents Housed in Cage Units 

and Cleaning of Animal Holding or Exposure Rooms 
Daily Care of Animals Housed in Holding Cages and 

Cleaning of Animal Holding Rooms 
Handling Escaped Small Animals 
Determination of Ammonia Levels Within the 

Exposure Chambers 
Handling of Animal Death Records and ARC Daily 

Observation Records 
Moribund Sacrifice 
Weighing Rodents with Toledo Semi-Automatic Weighing 

System Using the 733 ASR Terminal 

PRODUClWE AND DEVELOPMENTAI . TOXICOLOGY 
Identification of Animals 
Cage Location Maps and Daily Observations 
Randomization of Animals 
Animal Body Weights 
Rodent Mating Procedures 
Necropsies for Health Evaluation and of Dead and 

Moribund Animals 
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Necropsy and Developmental Evaluations for Teratology 
S tudies-Rodents and Rabbits 

Examination of Fetal Heads Fixed in Bouin's Solution 
Photography 
Data Acquistion and Transfer with a Microcomputer 
Data Handling and Storage 
Sample S torage/Shipment 
Examination of Fetal Skeletons Stained with 

Alcian BludAlizarin Red 
Preparation of the Reproductive System for Histologic Evaluation 

HEALTH AND SAFETY 
Biohazard Protocol n-Hexane 
Bioassay Studies: Health and Safety Plan 
The 3M Brand W-2869 Hardcap, Continuous-Flow Air-line Respirator 
Scott-hsur Pak I.  Self-contained Breathing Apparatus 
Respiratory Protection Program 
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TERATOLOGY STUDY ON N-HEXANE 

Sperm-posit ive Body Daily Litters 
Group Female Rats* Virgins Weights Obs . Examined 

Control (0 ppm) 30 10 4 0 4 0 2 3 
200 ppm 3 0 10 4 0 4 0 2 4 
1000 ppm 3 0 10 4 0 4 0 2 7 
5000 ppm 3 0 10 4 0 4 0 2 8 

* The study protocol requires a minimum of 30 sperm-positive females 
(to obtain 20 pregnant females). 

Five additional rats of each sex were used for health screening. 
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EXPOSURE CHAMBER CAGE LOCATON 
SPONSOR: NTP-IRT , CHEMICAL: n-Hexane 
STUDY: RAT 'KRATOLOGPlB EHAVIOR PILOT CHAMBER: 1 
ROOM: 436 w CONCENTRATION: Oppm 
DA'IE: 5/17/86 

LEVEL 1 
CAGE# CAGE X 

24 
23 
22 
2 1 
tu 
19 

FRONT i i 3 3 i j  1 

LEYEL 3 
CAGE# CAGE t 

B Am. 
11 

LEYEL 5 
CAGE# CAGE tl 

BACK 12-14 

2 \ 7 1  14 
FRONT 1 149 !D! 13 

LE'.;'EL 2 & '; T ' E F . A ~ L ~ ~ l ~ ' i  
LEVEL 4 2 5 EEH.A.VlOF, PILOT 
LE7?EL 6 'ilRGIPI S 

BACK 

LEVEL 2 
CAGE# CAGE t 

12 24 

1 1  23 
10 22 
9 2 1 
8 20 
7 19 
6 18 
5 553!A) rj81,b) 17 
4 m \ 1 6  
3 .ha( ) 15 
2 519(r.) 5 9 7 3 )  14 

FRONT 1 .07(A) 514!B) 13 

LEYEL 4 
CAGE# i4 -* ,.&E X 

LEYEL 6 
CAGE# ,-. A ,-a ,-. JE tl 

RACK 121 I 12-1 

* A rat behavioral pilot study was 
conducted concurrently in the same 
chambers. 
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EXPOSURE CHAMBER CAGE LOCATION 
SPONSOR: NTP-IRT CHEM1C.U: n-Hexane 
SNDP: RAT TERATOLCGY/BEHAYIOR PILOT 

* CHAMBER: 2 
ROOM: 436 CONCENTRATION: XOppm 
D A n :  5 /11 /86  P& 

LEYEL 1 
CAGE# CAGE t 

B P-LT 
11 

WONT I ) 1 / 1 3  

LEYEL 3 

LEYEL 5 
C.A.GE# CAGE t 

LEYEL 2 
CAGE8 - CAGE# 

516iB) 1 777(C) 
499tB) I 77rJiCi 

FRONT 

LEVEL 4 
c::AGEt (:.A*[ 

* A rat behavioral pilot study was 
conducted concurrently in the same 
chambers. 
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EXPO SUP2 ZR CAGE LOCAnON 
SPONS3R: NTP-IRT * EZMICAL: n-Hexme 
SNDII: RAT TERATOLWY IB EHAYIOR P U T  CIAMBER: 3 
ROOM: 536 CONCENTRATION: lOOOppm 
DATE: 511 I /  86 C/ 

LEYEL 1 
CAGE8 CAGE # 

24 
23 
22 
21 
a 
1'3 

FRONT 1 

LEYEL 3 
CAGE# ( : G E  8 

BACK 151 ! 2-1 
11 1 I n 

LEVEL 5 
3 . G E  # CAGE IL 

B CI.c'I; 

10 

LEYEL 2 

LEYEL 4 

. . < - .  - -  

91 f i g  (3 I 397 i r ~ )  121 

LEVEL 6 
C'?.GE# C'AGE 8 

?.Am. 12[1124 

r& 

oJ ,g'7 1, 121 

* A r a t  b e h a v i o r a l  p i l o t  s t udy  was 
conducted c o n c u r r e n t l y  i n  t h e  same 
chambers. 
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EXPO SURE CHAMBER CAGE LOCATION 
SPQN 2OR: NTF-IRT CHEMICAL: n-Hexane 
U-JDY: RAT TERATQLdGYlBEHAYIOR PILOT ' CHAMBER: 4 
ROOM: 436 CONCENTRATION: 5ilcX)ppm 
DATE: S/171B6@ 

LEVEL 1 LEVEL 2 
CAGES ('AGE II CAGE# CAGE 11 

B X R  12 21 FACK 12 24 
1 1  23 1 1  23 
10 22 10 22 
9 21 4 21 
e 20 8 20 
1 14 7 19 
b 18 i, 18 
5 17 5 17 
4 16 4 li 
3 15 j 15 
2 14 L 7 14 

FRONT 1 13 FRONT 1 13 

LEVEL 5 
C'.A.GEU CAGE t 

, , LC 

9 11 

LEVEL 3 
CP,r:E# C?!>E tl 

LEYEL 4 
CAGE# r : ' > , r l ~  g 

LEYEL 6 
I:.~&I::E~ r:!,A-rl;E # 

. l F  1: 1 I 124 

24 
23 
22 
? 1 
33 
14 
18 
17 

BALX 12' 
1 1  
10 

3 
F 
? 
o 
5 

* A rat behavioral pilot study was 
conducted concurrently in the same 
chambers. 

8 m ( ~ )  
803 {D) 1 
,300 il?) 1 
h41iD) 1 

4 
3 

FRGlJT 1 

6 3  (Dj I I 16 
tj[1$1K1) 1 
54: IF\ I 
JSltLt I 

15 
14 
13 
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