
...... 

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE CENTER FOR DISEASE CONTROL NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH CINCINNATI, OHIO 45226 

HEALTH HAZARD EVALUATION DETERMINATION 
REPORT NO. 77-43-500 

SHELL OIL REFINERY 
DEER PARK, TEXAS 

JUNE 1978 

I. TOXICITY DETERMINATION 

Based on the NIOSH medical survey, there appears of mild to be peripheral a possible excess neuropathy among Oi1 
employܽes in of the the Lube Shel1 B Dewaxing Refinery. Unit These neuropathies more are by mild discomfort and are than by manifested functional is impairment. not Adequate available at control this data time. The cause of is the not known. observed Industrial neuropathies hygiene data from the OSHA presence and Shell of do any not known reveal cause of peripheral data on past neuropathies. chemical Adequate exposures is not available. investigate Animal the studies possible to role of methyl ethyl induction ketone and of .n europat toluene in hy the may be considered. 

The prevalence of overt diabetes mellitus and does not elevated appear serum to be triglyceride excessive in the Lube however, B Unit, The that data the prevalence is of suggestive, subclincial diabetes may be excessive. 
In view of the possible role of methyl ethyl neuropathy, ketone and exposure to toluene in these causing chemicals should possible. be minimized as much as 

II. DISTRIBUTION & AVAILABILITY 

Copies of this Determination Report are from currently NIOSH, available Division upon of request Technical Service, Section, 4676 Information Columbia and Parkway, Dissemination Cincinnati, the Ohio report 45226. will be After available 90 days, through the Service National (NTIS), Technical Springfield, Information Virginia. availability Information through regarding its NTIS can be at obtained the from Cincinnati NIOSH, Publicatiaddress. on Office, Copies of this report have been sent to: 
a. Shell Oil Company, b. Deer Park, Texas Authorized Representative of Employees o 
 -f OC Local AW 4-367 
c. Oil, Chemical, and Atomic Workers Union, Washington, DC 
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U.S. Department of Labor - Region VI 
e. NIOSH - Region VI 

For the purpose of informing the affected employees, the employer shall 
promptly post for a period of 30 calendar days, the Determination Report 
in a prominent place(s) near where exposed employees work. 

III. INTRODUCTION/BACKGROUND 

Section 20(c,i)(6) of the Occupational Safety and Health Act of 1970, 
29 U.S.C. 669 (a)(6), authorizes the Secretary of Health, Education and 
Welfare, following a written request by an employer or authorized repre­
sentative of employees, to determine whether any substance normally found 
in the place of employment has potentially toxi"c effects in such concen­
trations as used or found. 

NIOSH received such a request from an authorized representative of employees 
(Oil, Chemical and Atomic Workers International Union) at the Lube B 
Dewaxing Unit of the Shell Oil Refinery at Deer Park, Texas. NIOSH also 
received a request for assistance from the corporate medical director of 
Shell Oil Company. 

IV. BACKGROUND DATA/STUDY DESIGN/RESULTS 

A. Process Description 

The Lube B Dewaxing Unit uses a conventional solvent-extraction method 
·for removing high-melting-point hydrocarbons from petroleum in order to 
produce oils with adequate lubricating properties over a broad temperature 
range. The process involves mixing methyl ethyl ketone (MEK) and toluene 
with various petroleum fractions.1 No other chemicals are known to be 
used in this area of the plant. 

The B Unit of the Lube Oil Plant receives several fractions of two types 
of crude oil for further processing. The Texas-Louisiana Straight Run 

1A 11residue is processed through Unit, where a vacuum distillation followed 1

by a phenol extraction process and a propane deasphalt process produces 
refinates which enter the B Unit to be processed into High Visocosity 
Index (HVI) lubricants. The Ohio-Yates/Tobarg crude Straight Run residue 
proceeds directly to the final stage of the B Unit process from the 
vacuum dist"illation to be hydrotreated and marketed as Low Viscosity Index 
(LVI) lubricants. The LVI oil has a ·1ow pour point and does not need 
dewaxing. 
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The HVI products are stored and processed separately through the B Unit 
dewaxing. As a by-product, wax is collected and deoiled in B Unit and 

11C 11then sent to Unit for further processing. 

Dewaxing is accomplished by chilling a solution of HVI refinates in a 
solvent mixture of MEK and toluene both of which are Shell products. 
The ratio of solvent to refinates is about 2 or 3 to one. The percent 
of MEK in the MEK/toluene mixture varies from 40 percent for processing 
the highest boiling point fraction (Bright Stock) to 70 percent for the 
lowest boiling point fraction. As the product cools, wax crysta·ls form II
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in the mixture and are filtered out. There are 1 2  rotary type vacuum 
filters with cloth-covered cylinders approximately 16 feet long and 10 feet 
in diameter. Half are used in deoiling the wax and half are used in 
dewaxing the refinates. The cylinders must be washed with hot solvent 
(130-140°F) periodically. (Once per shift, with good operating conditions, 
but several times per shift under more difficult conditions such as are 
frequently encountered when processing the bright stock fraction.) It is 
during this wash period when the vacuum is off that leakage from packing 
around end bearings is most likely. A nitrogen blanket is maintained 
fo the system. 

Following dewaxing, the oil receives final treatment at the lube hydro­
treater where color and odor are improved by converting impurities 
containing sulfur, nitrogen, and oxygen to color stable oils, plus 
by-product gases (H2S, NH3, H20, etc.). The oil is trickled, in the 
presence of hydrogen gas, through a catalyst bed at elevated temperature 
and pressure. 

The crude wax is then further washed in a second rotary vacuum filtration 
referred to as the deoil ing process. After the solvent is removed by 
distillation and steam stripping the deoiled wax is sent to the wax 

1
1C 11 finishing Unit There, in a molten state, it is percolated through • 

clay to improve its color and odor. 

B. Toxic Properties and Medical Background 

Methyl Ethyl Ketone (MEK)2 

MEK is a clear, highly volatile, flammable liquid with a strong odor. 
The liquid and vapors are irritating to the eyes and skin in high 
concentrations. Absorption can take place through the skin, but 
an·imal experiments indicate low toxicity via this route. Inhalation 
of very high levels can cause headaches; eye, nose, and throat irritation; 
and eventual narcosis. The current TLV for MEK is 200 ppm. The odor 
threshold is about 25 ppm. 

MEK has been investigated as a possible cause of peripheral neuropathy. 
These studies concluded that MEK alone did not cause peripheral neuro­
pathy in the animal test systems used, but that MEK probably potentiated 
the effects of methyl butyl ketone (MBK) in causing peripheral neuropathy.3,4 

L 
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MEK has not been reported to alter glucose tolerance or serum triglycerides. 

Toluene5,6 

Toluene is a clear, colorless, flarrmable aromatic hydrocarbon w·ith a 
sweet, pungent odor. It is mfl dly i rri tati ng to the eyes and mucous membranes,
and it can cause a defatting-type of solvent dermatitis. Absorption through 
the skin is slow. 

Toluene has been suspected of a variety of tox·ic actions. It has been 
implicated as a bone marrow toxin, but these early results were probably 
due to failure to separate out the effects of benzene contamination of the 
toluene. 

Toluene has not been reported to alter glucose tolerance or serum 
triglyceride levels, although there have been reports of enlarged livers 
in chronic toluene exposure. 

Toluene's chief reported toxicity has been on the central nervous system, 

ranging from headaches and fatique at low concentrations, to severe narcosis, 

confusion, and incoordination at very high levels of exposure. 


Reports of persistent damage to the nervous system have mainly come from 

cases of persons who have breathed very high levels of toluene in order 

to get a 11high11 

• Only central nervous system damage, including enceph­

alopathy (generalized brain damage) and persistent cerebellar ataxia 

(loss of coordination) have been reported in humans.7,8 One study in rats 

has shown possible effects on the peripheral nervous system.9 


Peripheral Neuropathy 

"Peripheral neuropathy 11 is a condition in which there is malfunction or 

destruction of peripheral nerves. "Peripheral nerves 11 are the nervous 

pathways outside the central nervous system (which consist of the brain 

and spinal cord). Peripheral neuropathy can have many causes, including 
genetic defects, infections, malnutrition, metabolic derangements (including 
diabetes), vascular disturbances, trauma, toxins, etc. The toxic causes 
of peripheral neuropathy include drugs (eg: isoniazid, thalidomide), 
metals (eg: lead, mercury, arsenic), organophosphate pesticides, and 

solvents (eg: carbon disulfide, normal hexane, methyl butyl ketone), and 

a variety of other agents. Hydrocarbons have been increasingly suspected 
as possible causes of neurpathy. Normal hexane has been clearly documented 

as a cause of peripheral neuropathy i'fl humans, and related straight-chain 

hydrocarbons ranging from pentane to octane are suspected as possible 

causes.10 There is one report of possible neuropathy caused by exposure 

to jet fue·1s, which is a mixture of small-to-moderate size hydrocarbons.11 

Mild toxic neuropathies generally improve with removal from exposure; 

severe cases may not return completely to normal. 
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Peripheral neuropathy may involve sensory, motor, or autonomic function. 
Either the nerve fiber itself or the surrounding layer of insulating 
ll\Ye l in may be involved. Many of the toxic causes of neuropa thy g·ive a 
"dying-back" pattern, in which the damage in the nerve first appears in 
the part of the nerve farthest from the central nervous system; damage 
thus usually appears first in the feet and hands. 

The symptoms and signs of peripheral nerve damage include sensory changes 
(abnormal sensations such as burning, aching, tingling which may progress 
to numbness), motor changes (weakness with eventual wasting of muscles), 
and autonomic changes (loss of vascular control, changes in sweating, loss 
of hair, etc). In early or mild cases, these symptoms may be very vague 
and difficult to precisely define; physical exam·ination may not show 
definite and consistent abnormalities early in this disease. 

Tests for peripheral neuropathy generally include nerve conduction studies 
and electromyography. Damaged nerves can show a slowed conduct·ion 
veloc·ity, or a smaller electrical impulse, or both. Muscles supplied by 
damaged nerves can show abnormal responses to electrical stimulation. 
Performance and ·interpretation of these electrical changes requires con­
siderable clinical skill; many factors, including the temperature of the 
limb, can affect the results. Many toxins can affect nerves in both the 
central and peri phera 1 nervous systems; di fferent·iating these two types 
of nervous system damage also requires considerable skill. 

Many reviews of this subject are available.(12-14) 

C. 	 Study Design and Methods 

Selection of Study Population 

Because of difficulties in contracting for the neurologic and electro­
diagnostic examinations and in scheduling employees for the full-day of 
examinations, NIOSH chose to 'limit this study to the following groups of 
Lube B employees (totaling 43): 

1. 	 All employees who had been in the Lube B area for several years, 

whether or not they had complaints or positive findings on previous 

studies. 

2. 	 All employees who had findings suggestive of peripheral neuropathy 

on previous examinations. 


3. 	 All employees who had symptoms suggestive of peripheral neuropathy, 

whether or not they had positive findings on previous examinations. 


4. 	 All employees who chose not to participate in previous medical 

examinations done by Shell. 
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5. All employees who expressed a desire tthe o be tested, y whether or not fit into the above categories. 
6. Maintenance personnel who spend a significant portion of their time in the Lube B area. 

7. Recent retirees who had spent many years iż Lube B. 
Not included in the NIOSH examinations were 18 Lube B been employees found who had by the previous Shell study to be without symptoms, electrodiagnostic signs, or findings suggestive of peripheral did not neuropathy, and express who strong interest in being retested. 
NIOSH had an independent expert review the data collected by this Shell*, review agreed with the impression of the Shell these neurologist 18 that men had no evidence of a peripheral neuropathy. were These generally men younger, shorter-term employees than those by restudied NIOSH. NIOSH felt that retesting these 18 employees to was provide unlikely significant new information that would justify and discomfort of the inconvenience the employee. 
Suitable age- and sex- matched controls with comparable experience in industrial non-chemically-exposed jobs were not available study. for this 

Diagnostic Procedures 


Peripheral Neuropathy 

Because of the specialized electrodiagnostic testing to required, contract NIOSH with chose local medical facilities for the medical Laboratory support examinations. and neurologic examinations were Health provided Service by the Hospital Public in Galveston, Texas. All by the laboratory same work laboratory; was done all neurologic examinations neurologist. were done by the All electrodiagnostic same examinations were electrornyographer done by the same s two from the Houston area (both ination ·in participated in order each to exam­assure uniformity of techniques The and neurologic physical interpretations). examinations were done without laboratory or knowledge electrodiagnostic of the results. 
Attachment A shows the forms used for informed and consent, neurologic medical history, examination. 
Attachment B shows the neurologic examination procne euro dure log·i st. followed by the 

Attachment C shows the electrodiagnostic protocol used. 
Attachment D shows the procedures and normal myographers. values used by the electro­

*Dr. Herbert Schaumberg; Albert Einstein College of Report of ⑤edicine, April Bronx, 13, NY; 1977. 



, I :· i 

II
I 
I 

,l
I
l
i
I 
I 

. l
I

I


I 

Page 7 - Health Hazard Evaluation Determinatfon Report No. 77-43 

All studies on each subject were done on the same day. Electrodiagnostic
studies were done with a TECA TE 44* dual amplifier electromyograph with 
advanced digital evoked potential averager and signal delay device. An 
averager was used when necessary for measuring small sensory amplitudes. 
Limb surface temperatures were measured by thermistor** both proximally 
and distally over stimulation points for nerve conduction. 

On the basis of the clinical and electrodiagnostic findings, participants 
in the NIOSH study were classified into one of the following categories: 

1. 	 No clinical or electrodiagnostic evidence for periperhal neuropathy. 

2. 	 Probably no peripheral neuropathy present. Observed abnormalities 
not sufficient to make a diagnosis of peripheral neuropathy. 

3. 	 The data is suggestive, but not diagnostic, for a very mild 
peripheral neuropathy. There may be a borderline peripheral 
neuropathy present, but the available evidence cannot unequivocally 
rule in or rule out a mild neuropathy without further testing. 

4. 	 The data is consistent with the diagnosis of mild peripheral neuro­
pathy. No definite cause has been established for any neuropathy 
present. 

Based on the data available to them, the neurologist and the electro­
rt1Yographer each gave N IOSH their independent impressions of each 
individual tested. Based on these two opinions, the NIOSH medical 
officers in charge of the study then formed an overall impression of 
the 	probability that an individual subject had a peripheral neuropathy. 
Subjects with no symptoms, signs, or electrodiagnostic findings were 
easily classified into category l. Subjects with isolated minimal 
findings, such as a decreased deep tendon reflex or a single moderately 
decreased nerve conduction amplitude, were classified into category 2. 
These subjects d·id not have perfectly normal exams, but the minimal 
findings present were not felt to be consistently suggestive of a 
peripheral neuropathy. 


Category 3 includes subjects with some findings on clinical and/or 
electrodiagnostic examination that were suspicious for some peripheral 
nerve abnorma·r;ty, but were not severe or consistent enough to warrant 
a definite diagnosis. This is a category of possible borderline or 
subclinical neuropathy. For examp·te, subjects with minimal sensory 
changes, but without nerve conduction changes, would fall into this 
category. Also, subjects whose only finding was one or two isolated 
minimal decreases in nerve conduction amplitude would fall in this 
category. 

* N IOSH does not recommend any particular brand name products. 
** Surface thermocouple manufactured by Yellow Springs Instrument Company. ( 
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Category 4 includes subjects with fairly definite evidence of some 
peripheral nerve abnormality, usually on both clinical and electro­
diagnostic examination. Some subjects with fairly definite electro­
diagnostic findings were included, even if there were no definite 
clinical findings. 

For the physical exam and electromyography there are no definite 
numerical standards; the examining physician must call on his 
clinical experience in deciding if significant abnormality is 
present. For nerve conduction velocity and latency, the electro­
myographers used normal values derived from training and experience 
at Ohio State University. Attachment D shows these normal values. 
The clinical series from which these values were derived comes from 
work by Melvin, Johnson, et a1.20,⑥1 The group of norma1 subjects 
used in this series was derived from a univers·ity area, so it was 
probably somewhat younger and less blue collar than the group of 
employees studied at Shell by NIOSH.22 

Normal nerve conduction amplitude values are less we1·1 defined because 
of the many factors of physiology and technique that can affect 
amplitude⑦ Limb temperature can affect both nerve conduction velocity
and amplitude; limb surface temperature should be above 300c (preferably
between 31 .5-33.5° c for best results). 

Surface temperatures in the NIOSH study were measured proximally and 
distally over stimulation sites, and temperature was taken into 
account by the electrornyographer in interpreting his results. 

Amplitudes are very sensitive to technique; the recording electrode 
must be directly over the nerve to obtain a maximal amplitude reading. 
Amplitudes as measured in this study were generally peak-to-peak 
values. The electromyographers used the following normal ranges based 
on their experience: 

Sensory amplitude in median and ulnar nerves should be 
20-50 uv. Below 15 uv is generally abnormal. 

Sural nerve sensory amplitude is normal if above 10 uv, possibly 
abnormal in the 7.5 to 10 uv range⑧ and probably abnormal 
if less than 7.5 uv. 

Motor evoked amplitudes are usually normally above 10 mv, 
and is usually abnormal below 5 mv. These values generally 
apply to median, ulnar, and peroneal nerves. 

http:NIOSH.22
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2. Diabetes 

Glucose tolerance tests were done after a 12-hour overnight fast. A 
100g glucose load was given orally; venous blood was drawn fasting and 
at 1 ,2, and 3 hours post-ingestion. 

Because of logistic difficulties in scheduling, glucose tolerance 
tests were only requested on employees who had not had a recent 
oral glucose tolerance test done elsewhere. Known diabetics were 
not subjecte⑨ to a glucose tolerance test; the repeated confirmation 
of diabetes was not considered to be worth the risk to the employee. 

Glucose tolerance tests were categorized as follows: 

1. Normal 

2. Slightly abnormal, possibly indicating a diabetic tendency. 

3. Abnormal, probably indicating a diabetic tendency. 

Criteria for categorizing glucose tolerance tests y5re derived from 
the Report of the National Commission on Diabetes. These criteria 
were primarily derived from work by Fajansl6,17 and Andres.18 

Attachment E shows relevant tables and graphs from the National 

Commission on Diabetes report. 


3. Triglycerides 

Triglyceride levels were to have been drawn on all 43 employees 

studied by NIOSH. 


Serum triglyceride levels were drawn after a 12-hour overnight fast. 

Triglyceride levels were categorized as normal or elevated by the 
laboratory normal range (30-175 mg/dl serum). 

D. Results 

I. Medical Results 

A. Peripheral neuropathy 

A total of 62 persons from the Lube B area had neurologic testing at 
one time or another during this study. Of the 49 Lube B operators 
and supervisors tested, 18 were tested by Shell only, 8 were tested 
by NIOSH only, and 21 were tested by both NIOSH and Shell; 10 of the 

http:Andres.18
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49 also had testing by a private physician in addition to testing by
N IOSH and/or Shell. Operators and supervisors are grouped together 
because the number of supervisors is small, and most had worked as 
operators before becoming supervisors. The 1 3  maintenance personnel 
were tested only by NIOSH. 

Table 1 shows the distribution of peripheral nerve abnormalities in 
the operators/supervisors and maintenance groups. A chi-square 
test was done to compare these two groups. There is a difference 
in overall r.ates of neuropathy (signif'i cant at p=0.05 level) between 
operators and maintenance personnel when potential confounding factors, 
such as diabetes , are not taken into account; but this difference 
disappears when looking at rates of neuropathy only among persons with 
no abnorma·lity in glucose tolerance. 

Tables 2, 3, 4 show the grouped data from the Shell and NIOSH studies , 
displaying peripheral nerve abnormality vs. age and work history. 
These tables show that the group of 1 9  operators with possible 
peripheral nerve abnormality is almost exclusively in the 50-59 year 
age group (mean 53.6 years o l d ) .  They have spent much of their working 
life at Shell (mean of 28.5 years at Shell , mean of 21 .8 years at 
Lube B). 

The group of 30 operators without neuropathy is generally younger
(mean of 40.7 years old ), and has spent less time at  Shell (mean of 
14. 6  years at Shell; mean of 9.8 years at Lube B). 

The 1 3  maintenance personnel tested did not show the same pattern as 
the operators. The 6 with possible neuropathy had a mean age of 58 
years, a mean time at Shell of 31.0 years, and a mean time at Lube 
B of 14.2 years. The 7 without evidence of neuropathy had a mean 
age of 54.4 years, a mean time at Shell of 29.3 years, and a mean 
time at Lube B of 1 9.6  years. This maintenance group is small and 
has a narrow age range between 49 and 61  years; also, work time in 
Lube B is difficult to estimate from availab1e records. For these 
reasons, analysis of correlations between age, neuropathy, and 
exposure h·i story in this group would probably not be very useful. 

Essentia lly all subjects in this study were white males, except for 
one f ema ·1 e. 

Table 5 shows the distribution of ages in the group studied by NIOSH 
and Shell in the Lube B area. There is a bimodal distribution with 
peaks around ages 30 and 55, reflecting past trends in hiring and 
economic conditions in the petroleum industry. 

Table 6 shows the close relationship between age of employees and 
the time spent working for Shell. There is little job turnover 
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among these employees ; individuals tend to stay at Shen for long 
periods of time. 

Table 7 shows that there is also a fairly close relatfonship between 
age and years spent working in the Lube B area. There is usually some 
movement from job to job in the refinery during the early years of 
employment at Shell, but most employees spend a long period of time 
in Lube B once they reach that location. 

The very asymmetric distribution of ages in the Lube B area, and 
the close re·lationships between age and time spent at Shel"! and Lube 
B cause problems in separating out the effects of age from the effects 
of working in a chemical environment. 

Correlation coefficients were calculated for the relationship between 
exposure time working in Lube B versus various parameters of nerve 
function from the grouped NIOSH and Shell data, including ulnar motor 
conduction, velocity and amplitude, ulnar sensory latency and amplitude, 
median sensory latency and amplitude, posterior tibial conduction 
velocity and amplitude, and sural latency and amplitude. No significant
correlations were noted. Age was used as a covariate in this analysis 
because of the close relationsh ·ip between age and exposure history. 

ComQarison of NIOSH results with other medical testin.9. 

On 22 of the 43 employees tested by NIOSH there had been previous 
neurologic and electrodiagnostic evaluation done by Shell or by 
other private physicians. Seven individuals had had evaluation done 
by NIOSH, Shell, and private physiC'ians. 

Both NIOSH and Shell examinations were done with similar advanced 
equipment (TECA TE4). Surface limb temperatures were not measured 
in the Shell study; this could make a difference if adequate time 
were not allowed for equilibration with the laboratory environmental 
temperature, since Shell ' s  study was in wintertime and NIOSH ' s  study 
was in summertime. 

The Shell protocol did not include routine testing of the ulnar nerves , 
1H 11paraspinal muscles, and reflex, all of which were usually done in 1

the NIOSH study. These protocol differences probably make the NIOSH study 
somewhat more sensitive in differentiating radiculopathy from peripheral 
neuropathy. In  two of the 20 cases tested by both NIOSH and Shell, NIOSH 
indicated the presence of radiculopathy, Shell ' s  study did not identify 
radiculopathy in any of these 20 cases. 

Of the 21 employees tested by both NIOSH and Shell, there were 7 cases 
in which NIOSH differed from the Shell data (4 cases in which NIOSH 
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indicated a higher probab"ility of peripheral neuropathy; 3 cases in  
which NIOSH indicated a lower probability of peripheral neuropathy ). 

Most of these differences were between calling a case a borderline 
neuropathy vs. calling the case a definite neuropathy or non-neuropathy ; 
in on·ly two cases did Shel l ' s  evaluation fail to indicate the presence 
of a possible neuropathy when NIOSH thought there was probably a 
neuropath.Y present. 

The testing of individual nerves by NIOSH and She l l  was compared . 
When the same nerves on the same side of the body were tested, the 
fol l owing d ifferences were found where one el ectromyographer cal led 
the nerve normal and the other called the nerve abnormal: 

l .  	 1 2  median nerves compared , w i th 3 differences in motor conduction 
vel ocity and ampli tude, and 4 differences in sensory latency and 
and amplitude; 

. 
2. 	 1 2  peroneal nerves compared , with l difference in motor conduction 


ve·1 ocity and amp·1itude; 


3. 	 1 1  posterior tibial nerves compared, w ith 2 differences in con­

duction velocity and 5 differences in amplitude. 


4. 	 10 sural nerves compared , wi th 3 differences in latency and 
amplitude. 

Al though there were some differences in testing indi vidual nerves, there 

were few differences in detecting an overal l  pattern of abnormality. 

Thu s ,  there appears to be reasonable agreement between Shell and NIOSH 

stud·ies on the presence of poss ib le  neuropathy, which supports NIOSH 1 s 

use of Shell's results  for the 18 employees who were not retested by NIOSH 
in v·i ew of negative findings by Shell. 

NIOSH results agreed with all except one of the 10 sets of neurological 

test results done by a l ocal physician; this di sagreement was onl y in 

assigning a definite vs. a borderline classification to one case. 


Agreement between NIOSH and Shel l serum trigl yceride l evel s was also 

fairly good. Out of seven cases in which triglyceride levels were 

done by both Shell and N IOSH, only one disagreed as to the presence 

or absence of an abnormality. Shell does serum trigl yceride l evel s 

fasting, as N IOSH does, and the normal values used by both Shel l and 

NIOSH are the same. 
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Compari son of clinical and electrodiagnostic findi ngs 

The N IOSH neuro 1 ogi st and e·1 ectrornyographer formed independent 
impressions of the probability of peripheral neuropathy in i nd ·ividual 
cases. Out of 43 cases, there were 1 3  cases in which the neurologist 
and electromyographer formed different impressions from their data, 
( 1 0  cases in which the electromyographer indicated probable neuropathy 
when the neurologist indicated remote or no probabili ty of neuropathy ; 
3 cases in which the electromyographer indicated low probability of 
neuropathy when the neurologist indicated a significant probability 
of neuropathy) . 

The 	NIOSH medical officers reviewed the diagnostic impression of the 
neurologist and electromyographer and developed a final overall 
d iagnosi s .  There were 13 cases out of the 43 in which the NIOSH 
diagnos i s  differed from the neurolog·i st's diagnosi s based on history 
and 	physical examination alone (11 cases where NIOSH indicated a 
higher probability of neuropathy; 2 cases in which N IOSH indicated a 
lower probability of neuropathy than that indicated by the neurologist } .  

There were 6 cases in which the ffoal NIOSH d·iagnosis differed from 
the electromyographer's impression based on data available to him, (4 
cases in which NIOSH indicated a higher probability of neuropathy; 
2 cases in which NIOSH indicated a lower probability of neuropathy than 
that indi cated by the e·l ectromyographer) . 

These data show that NIOSH tended to agree more often with the electro­

myographic data than with the cli nical data. There are several probable 

reasons for this: 


1. 	 The electromyographer had the advantage of being able to do a limited 
physical examination to verify hi s electrical findings, but the 
neurologist did not have access to electrodiagnostic data in forming 
his diagnostic impressions .  

2 .  	 Symptoms., mild sensory changes, and minimal motor weakness all require 
patient interpretation or cooperation, as well as considerable 
d iagnostic examination skill by the neurologist .  

3 .  	 Eas ily reproduc i ble hard signs o f  neuropathy may be lacking in early
or mild cases, and the neurolog i st had considerable difficulty in 
some cases in deciding whether .or not a minimal abnormality existed. 
The NIOSH medical officer felt that carefully-done electrodiagnostic 
studies were more likely to provide objective evidence of early or 
mild changes i n  peripheral nerves. 
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Other Neurotoxic Effects 

Because of reported persistent cerebel lar ataxia after massive tol uene 
exposure7, the neurologic examinations were reveiwed for any evidence 
of cerebellar dysfunction in Lube B employees. No evidence of cere­
bellar abnormality was found. 

B. Diabetes 

The following.  information on carbohydrate tolerance in Lube B employees 
is available: 

Fasting serum glucose levels were done on 47 of 49 persons 
in the operator/supervisor group. One of the two persons 
without a fasting gl ucose is a known insulin dependent 
diabetic. Twenty-five ( 25) of these fasting glucose levels 
are from NIOSH data; 22 glucose levels are from Shell data, 
also on fasting serum specimens. 

Oral gl ucose tolerance tests were done on 25 persons in the 
operator/supervisor group ( 1 2  from NIOSH data, 11 from Shell 
data, 2 reported normal by a private physician ) .  The known 
diabetic did not have a glucose tolerance test. The nineteen 
operators whose neurological testing by Shel l was not 
repeated by NIOSH also did not have glucose tolerance tests 
done by NIOSH due to scheduling and contracting difficulties 
in this part of the NIOSH study. Al l of these 1 9  operators
had fasting serum glucose levels within the normal range. 
Four operators who were scheduled to have gl ucose tolerance 
tests by NIOSH, did not have this test done due to l ab error 
or patient refusal .  

Oral g lucose tolerance tests done by NIOSH are available on 
12 of 1 3  maintenance personnel. One set of test results was 
never received from the laboratory. 

Some degree of abnormality in fasting serum glucose level or oral 

glucose tolerance test was found in 11 operators and 2 maintenance 

personnel. A l l  abnormalities were in men in the 49-59 year age

range , except for one borderline-elevated fasting glucose level in 

an operator in his thirties. 


The observed abnormalities are listed in Table 8. Six abnormalities 
are in the borderline range; seven abnormal ities are in the diabetic 
range. 

The distribution of abnormalities in gl ucose tolerance vs. abnor­
malities in peripheral nerves is shown in Table 9. 
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Correl a t i on coeff i c ients were ca l cu l ated for fa s t i ng serum g l ucose  
i n  re l at i o n  to  work h i story and  va r iou s  i nd i v i dua l pa rameters of  
nerve func t i on fo r u l na r ,  med i an , peronea l ,  pos te r i or t i bi a l , a n d  
s u ra l  nerves wi th co rrect i on for age . No s i gn i f i ca nt  correl a t i ons 
were found . 

D a ta from hea l th i n terv i ew s u rveys l 9  done i n  1 973 on the preva l enc e 
of known d i abetes a re s hown i n  Ta bl e 1 0 . Th i s  represents d i a betes 
wh i ch wa s pre v i ou s l y  d i a g nosed and known to the i nd i v i dua l  . 

On ly  3 of the 62 to ta l  L ube B a rea empl oyee s reported a h i  story o f  
d i a betes that w a s  known t o  them before sc reen i ng g l ucose to l erance
s t u d i es were done as part of th i s study . On ly  o ne  i nd i vi du a l  i s  
on i n s u l i n . A l l three i nd i vi dua l s wi th  a h i s tory o f  d i a betes a re 
i n  the 45 - 64 yea r a ge range ; there a re a tota l of 4 6  of the 62 
s tud i ed empl oyee s i n  t h i s a ge  range . The hea l th - i n terv i ew s u rvey 
da ta ment i oned abov e s hows an ex pec ted frequency o f  known d i a betes 
of a bout 2 i n  50 wh i te ma l es i n  thi s a ge  ra nge . Th ree i n  46 known 
d i a beti c s  i n  the L ube B area a re not s i g n i f i cantl y d i fferent from 
n a t i ona l a ve rages . 

Da ta on the ex pected preva l ence of  s ubc l i n i ca l d i a be tes i n  the 
ge nerg 1 or i ndu str i a l  popu l a t i on i s  not as good , bu t the best  a va i l ab l e 
da ta i nd i ca te s tha t some deg ree of g l ucose  i nto l
be pres ent i n  a t  l ea s t  6% of person s i n  the i r  5 0 ' s .  

era nc e  wi l l  p ropa b l y  
S i nce comp l e te 

g l uc o se  to l erance te s t s  are not a va i l ab l e on a l  l Lube B emp l oyees , 
the re su l ts are not s tr i c t l y  comparabl e to popu l a t i on studi es ba s ed  
ent i re ly  on g l uco s e  to l erance te s t s . But 1 3  of 60  ( 22% ) Lube B 
emp l oyees had an a bnorma l i ty i n  some parameter of g l uc o s e  to l era n c e , 
wh i c h  i s  we l l a bove the expec ted 6% of a bnorma l g l ucose  to l erance i n  
a g ro up  of t h i s age . 

C .  Tr i g l ycer i des 

Tr i g l yceri de l ev e l s a re a va i l a b l e on 4 1  of  the 49 person s  i n  the 
opera tor- s u perv i sor group  ( 25 from the N IOSH l a b ,  1 5  from the She l  l
l a b ,  1 from a p r i va te phys i c i an ) .  Twel ve of the 1 3  ma i ntenance
pe rson n e l  h a d  tr i g lyc eri de l evel s done by the N IOSH l a bs , ma ki ng 
a n  o vera l l  tota l o f  53 o f  62 persons  in  t h i s s tudy wi th fa s t i ng 
tri g l ycer i de l evel from some sou rce . 

The d i str i but io n  of tr i g l ycer i de l evel s by age i n  t h i s gro u p  of 
53 Lu be B emp l oyees i s  s hown in  Ta bl e I I . 
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" Norma l  " va l ues for tri g l ycer i des a re d i ffi tu l t to fa defi s t i ne . Onng l y  tri g l ycer ide l evel s are mean i ngfu l  ; there ma i s  normrke a ld l y  and a somewhat va ri ab l e  r i se i n  serum tri g l yeati cer i des ng , aftdepen er d i ng on what  was eaten .  
The l a bora tory norma l s for the N IOSH and She l l l abs  are mg 30/d - 1l 7 5  of s erum , a fter a t  l ea st  a 1 2 -hour fa s t .  By 1 9  t h iof s the cr i ter53 i on , tr i g l ycer i de l eve l s a va i l ab l e degree. These 1 1 1

a re e l evated to some norma l 1 va l ues are der i ved from a typ hospe i tof a l /cpop l iu l ati n i c  on , however ,  and may not be s tr i ct ly the a ppl  Lube i c aB b l e  grou to p .  Popu l a t i on s tud i es i n  the mei n d i ca l  d i c l ia tte erah i gher ture24 , 2average 5 , 26 l evel s of fa st i ng serso um trme i g l ypopu l a ceriti on des i n  groups . Thes e s tud i es s how for tha t  fas t the 95th i perng seru centim t l e  r i g l ycer i de s 
1 

i n  wh i te ma l l i  es es s i n  ome the i r  whe 50 ' s  re i probn abthe l y  m i d -300 s mg/d l o f  sear rum . e ( cus 1 1Nortom ma l ar 1 1  l ai l b y va lc a l ues  c u l a ted to i nc l ude 95% of norma the l ) . popu l a t Only i on 9 as of the 53 a va i l abl e tri g lycerLub i de e vaB l ugro es up froex m ceed the 300 mg/d l  ; e i g h t  o f these 9 age v a ld ue s  50-59 are n year 1 
i men s , . S i x  of these e i ght men va l i n  thues e i r 50over s wi th 300 mg/d l  

or 
a l so have s ome abnorma l i ty fas t of i g lng g l ucose ucos tole ,  and erance 3 of the 4 men wi th 400 tr i gmg l y/d l  cer i dhave e va l ues s oome ver degree of g l ucose i ntola s s erance .  oc i at D i a bed e twi es  th i s  ofa ten pattern of hype rtri g l ycer il i k demie l y  a ,  cause ma k i ng o f  i t  e l the evat mos t  ed tri g l yceri de l evel s i n these ca ses .  

Tr i g l ycer i de l eve l s  d i d  not correl ate s i gn i f i cawor nt k h i s t ly  o wi th ry agor e -coto rrec ted parameters of i nd i v i duaor l neam rve cop l ni dtude , u c t i on v e l oc i ty 

No s i gn i f i cant d i fferences were fou nd between ope trra tors i q l ycea nd  r i de ma l ei n vt e len s anc i n  e personnel  . 
I I . Env i ronmenta l  Re s u l ts 

Shel l has been conduct i ng an i nd u s tr i a l  hyg are i ea ne s i n s u rvece y J u of ne the 1 9 L ub76 e . B Th i s  has i nc 1 uded personaand l to sal u mpl ene i n, g a s  for we l l  a MEK  s a na l yses of b u l  k samplma ete s r oi a f l s ,  a l l p proetro l cess  eum feeds toc ks , and d r i n k i nca g u s wa es  ter of fpe or ri s uph c h  era knl on e wn uropathy as methyl carb butyo l n d keti su l onefi , de n o, rman a l d hexheav any e ,  meta l s . Nothiha ng s b ee xceen pt fo ᠀EK u n d  and i n  to l s uei gn i ne fi can t amounts  ; fo MEK  u and nd a t to ll ow uene co wncen ere trat i genera lons l y  ( l es s  than 2 0 pph i m )gher , excl e ept v e l fos r dur occi a s ing ma i ona l n tenance o pera t i o n s . 

: I 
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The MEK and tol uene presently used are reported by Shell to be of high 
average purity (99 .9% pure toluene, 99.5% pure MEK). Shell does not 
have detailed analytical data on the concentration of impurities in MEK 
and toluene used in past years. 

OSHA has conducted two industrial hygiene inspections of the Lube B 
area on December 22, 1976 , and February 2 ,  1977. Their measurements of 
MEK, toluene, MBK, n-Hexane, and benzene have been below detectable 
limits in al l but two samples. A personal sample showed 12 ppm toluene 
for an instrument maintenance worker on February 2 .  A area sample taken 
during a filter disassembly showed 63 ppm MEK and 11 ppm toluene on 
December 22. The results of these samples are compared with Shell data 
in a summary Table 12. Results of She ll ' s  heavy meta ls  analysis are 
included here as well as their statment of anal ytical methods in attach­
ment F .  

The question was raised as to  the possi ble presence of  CS2 in the sour 
hydrogen waste gas discharge from the hydrotreater. It was proposed that 
this known neurotoxin might be present either in the hydrogen feed or as 
a by-product of reactions of other contaminants with sulfur in the presence 
of the bauxite catalyst at elevated temperatures and pressures. The sour 
hydrogen exhaust gases are coll ected for sul fur reclamation; however, some 
l eakage might occur through seals. In the past, waste water was discharged 
to the sewer,  causing strong odors. It is now processed through a 
water str·i ppEfr for sulfur removal. Shel l '  s expert on reaction mechanics 
advised that CS2 is supressed in the presence of excess hydrogen at 600 Psi 
and 6200F. He predicted 2 x 10-15 mole percent of cs formation. Even 
with the discharge of 1/2 mil lion cubic _feet per day of 

2 
gas by-products 

there would be an insignificant CS production. She l l  attempted to measure 
the CS2 concentration in hydrogen supp? ly and discharge samples, but 
they reported that the presence of hydrogen sul fide in the percent range
masked CS2 on a gas chromatograph with a specific sulfur detector. 

V. CONCLUSIONS 

A. Medical 

There are several cases of mild peripheral neuropathy in men who work 
in the Lube B area of the Shell Oil Refinery at Deer Park, Texas. 
The reported neuropathies are generally mild and do not seem to cause 
significant functional impairment. However , one individual is seeking compen­
sation for being unable to work due to an a l l eged neuropathy. No 
attempt was made to grade the severity of these neuropathies, because 
essentially all of the neuropathies were fel t  to be minimal to mild. 
There are numerous complaints of physical discomfort among this group 
of workers, however, that may be rel ated to mild neuropathy. Of the 43 
workers examined by NIOSH, 27 had symptoms which were fel t  by the neuro­
logist to be possibly or probably suggestive of peripheral neuropathy. 



Page 18 - Health Hazard Eval uation Determination Report No. 77-43 

Discomfort is a health effect which is, in itself, significant if it can 
be related to occupational exposure to chemical s. 

This NIOSH study has a number of l imitations: 

l .  	 Adequate control s  were not availabl e for this study. There are more 
neuropathies present in men who have been exposed for l ong periods of 
time, thus giving the impression of a possible dose-response rel ation­
ship between working time and neuropathy; but the effects of aging 
on nerve function cannot readily be separated out in this smal l group, 
with it 's  narrow range of ages .  

2 .  	 There is also the possi bil ity that neuropathies seen today in the 
older group of Lube B employees are the result of exposure to chem­
ical s years ago, when environmental conditions in the Lube B area 
may have been different from those measured today. No accurate 
records are availabl e on chemical exposure and process contaminants 
in the earlier years of ref·i nery operation . 

3. 	 Some cases of neuropathy could possibly be related to chemical 

exposure in other jobs bes ·ides Lube B. Al though some Lube B empl oy­

ees have spent many years in the Lube B area, others have moved 

around the refinery in various jobs. Most of the observed neuro­

pathies , bowever, are i n  employees who have spent at l east several 

years in Lube B .  


There is no good data in the l iterature to document the prevalence of 

minimal neuropathies in the middl e-aged industrial work force. It i s  

possible that a survey of industrial workers of comparable age in other 

industries would reveal similar degrees of m i l d  neuropathy, related to 

the trauma and varied chemical exposures of working in modern industry 

over a "lifetime. 


The frequency of per-ipheral nerve abnormal ity in this group is,  however ,  
suspiciously high . Most of these men have spent much of their working
lives in the Lube B area, where there are no significant chemical 
exposures except to MEK, toluene, and the l arge hydrocarbons found in 
the lubricating oils. Shel l and OSHA data does not document the 
presence of any other known cause of peripheral neuropathy. The 
possibility of neurotoxic contaminants in the material s used in the 
Lube B area in the past cannot be ruled out, since no records are 
available on detailed chemical analysis of past process material s. 

Additional evidence for the toxic nature of the observed neuropathies 
coulҙ coҚe fқom properly done nerve biopsy with el ectron microscopic 
exam1 nat1on 1n  cases where a neuropathy exists without other probabl e 
known cause besides toxic exposure. This procedure has been recommended 
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to NIOSH by the expert reviewer who orignially reviewed the Shell data 
for NIOSH. This reviewer indicated that some solvent neuropathies 
show characteristic changes by electron microscopy. 

Additional evidence implicating MEK & toluene as possible neurotoxic 
agents might possibly be gained from chronic animal exposure studies. 

The basic problem in interpreting this study is the lack of good data on 
the incidence of mild neuropathy in the general population and in the 
general industrial population. Baseline studies of this sort will prob­
ably eventually have to be done in order to deal with the rising number 
of industrial health hazard requests involving neurologic abnormality. 

The prevalence of known diabetes in the Lube B area probably does not 
exceed the rate expected on the basis of national averages. Whether 
or not there is an excessive rate of subclinical diabetes , as determined 
by screening g1ucose tolerance studies , is less certain; but the data is 
suspicious for some increase in glucose intolerance. There are too many 
abnormalities of glucose tolerance to definitely rule out the possibility 
of work-related effects. Animal exposure studies to MEK and toluene might 
help determine if these chemicals are capable of causing this kind of 
metabolic abnormality. 

Fasting serum triglyceride levels in Lube B employees are probably
not generally excessively high when viewed in the context of recent 
population studies in the medical literature. Although triglyceride 
levels in Lube B group may be generally in line with current population 
norms, there is considerable speculation in the medical literature 
that these overall "normals" may not be "ideal" values for preventing 
atherosclerotic disease . Modern living conditions , exercise and 
dietary habits,and possibly environmental factors have probably caused 
the average serum triglyceride in the general population to rise to an 
unhealthy level that contributes to atherosclerosis and heart disease.  

B. Environmental 

The findings of numerous persona·1 breathing zone samples taken by Shell 
·industrial hyg·i enist are supported by two recent OSHA industrial hygiene 
inspections. No exposures to known neurotoxins were detected. The Shell 
analysis of drinking water, process materials, feed stock and final products 
have not identified any potential exposures to recognized neurotoxins . 

The only significant exposures noted were to MEK and toluene during 
maintenance, leaks or spills. The use of respirators is appropriate for 
protection from infrequent and brief exposures. It is necessary to 
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m in im ize such exposures by schedul i ng preveptive maintenance to avoid 
frequent and excessive leakage such as that due to excessive deterioration 
of rotary f i l ter pedistal bearings. 
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Job Type vs  . Degree of Neu ropathy 

·-:᠁ Typ᠂egree of 
 Opera tors & Ma i n tenance Tota l
europathy Superv i sor 

Prese nt* 
 8 
 l
 9 


Presen t** 7 0 7 

Borderl  i ne* 3 4 7 

Borderl i ne** l 1 2 

Norma l 3 0  7 37 

Tota l 49 1 3  62 

--*ffo kn own caus e of  neuropa thy present
**Pos s i b l e  cause of neuropathy present ( a bnorma l g l ucose  to l erance , trauma ,

deform i ty ,  e tc )  - I 



Tab l e  2 

Shel  l O i  l Refi nery 

Deer Park , Texa s 


1 977 


HHE 77 -43 


Age vs . Degree of Neuropathy 

Age (years ) :  20-29 3 0-39 
 40-49 50- 59 60-69 To ta l 


Degree of Neu ropathy 

0_2era tors 

Present* 8 
 8 
Presen t** 6 1 
 7 
Border l  i ne* l 

2 
 30 
Border ·i i ne** 1 
 1 

Norma l 9 6 
 3 1 2  30 
Sub Tota l 1 0  6 
 3 29 
 1 
 49 

--
Ma i n tenance 

Presen t* 
1 
 l 

Pre sen t** 
0 

Borderl i ne* 
2 2 
 4 

Border 1 ·i ne** 
1 
 1 

Normal 1 6 
 7 
Sub Tota l 0 0 1 1 0  2 
 1 3  
Tota l 
 9 7 4 39 3 62 

*No known cau se  for neuropa thy present ⑩ - ,s s i b l e cause of neu ropa thy presen t ( abnorma l formi g lty , e tc . ucose ) to l era n ee , trauma , 



. I
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Tab"le 3 

Shell Oil Refinery 
I Deer Park, Texas 



1 977 

HHE 77-43 


Years of Service at Shell vs. Degree of Neuropathy 

Degree of 
Neuropathy 0-9 l 0-1 9 20-29 30-39 40+ Total 


Q.eerators 

Present* 7 3 1 0  

Present** 3 2 5 

Borderline* l l 1 J 

Borderline** l 1 

' 'orma l 1 6  3 1 4  1 1  30 

Sub Total 1 7  0 22 10 0 49 

Maintenance 

Present* 1 1 


Present** 0 

Borderline* 2 3 5 

Borderline** 0 

Normal 4 3 7 

Sub Total 0 0 6 7 0 1 3  

Total 18  0 27 1 7  0 62 

*No known cause for neuropathy present 
**Possible cause of neuropathy present (abnormal glucose tolerance, trauma,

deformi ty ,  etc.) 

4 

I 
I 



Ta b l e  4 


Shel l O i l Refi nery 

Deer Pa rk , Texa s  


1 977 


HHE 7 7-43 


Yea rs of Serv i ce i n  Lube B v s . Degree of Neu ropathy 


Degree of Years i n  0-9 1 0- 1 9 20-2 9 30- 39 
 40+ To ta l 

Neu ropa thy Lube B 


O perators 

Present* 2 6 8 

Present** 1 6 7 

Borderl  i ne* 1 l 3 

Border l i ne** 1 l 

Ā Norma l 1 8  5 7 0 0 30  

Sub To ta l 2 1  7 2 1  0 0 49 

Ma i ntena nce 

Present* 1 

Present** 0 

Borde r "l i ne* 1 2 l 4 

Borderl ine** 1 1 

Norma l 3 2 2 7 

Sub Tota l 5 3 3 2 0 1 3  

To ta l 26 1 0  24 2 0 62  

*No known cause  of neu ropathy present  
** Pos s i b l e  c a u se  of neu ro pathy present ( a bnorma l g l ucose to l era nee , trauma , 

defo rm i ty ,  etc .  ) 

ā 




Tabl e 5 


Shel  l O i l Refi nery 
Deer Park , Texas 

1 97 7  

HHE 77 -43 

Age Di stri buti on of Lube B Emp l oyees* 

Age i n  Years 20 - 24 25-29  30-..34 3 5 ..,.39 40..-44 45.,.49 50-54 55 .. 59 60-64 Tota l  

Dee_a rtment 

Operators

Superv i  sors  4 6 4 2 0 3 1 4  1 5  l 49 

Ma i ntenance 0 0 0 0 0 1 3 7 2 1 3  

TOTAL 4 6 4 2 0 4 1 7  22 3 62 

" I ncluaes a l  l empl oyees stud i ed by N IO SH , She l  l and pri vate Phys i c i ans . 
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Table 6 

Shel l Oi l Refi nery 
Deer Park, Texas 

1 977 

HHE 77-43 

Years of Service at Shel l vs .  Age 

Age (years )  20-24 25-29 30-39 35-39 40-44 45-49 50-54 55-59 60-64 Total 

She l l  Service (years} 

0-4 4 4 4 l 1 14  

5-9 2 1 3 

l 0-14 0 

1 5 - 1 9  0 

20-24 1 3 3 7 

25-29 2 1 1  8 21 

30-34 3 8 3 14  

35-39 3 3 

TOTAL 4 6 4 2 0 4 17  22 3 62 



-
Tabl e 7 

S hel  l O i l Ref i nery 
Deer Park , Texa s 

l 977 

HHE 77 -43 

Yea rs of Serv i ce i n  L ube 8 v s . Age 

Age (years ) 20-24 25-29  30-34 3 5 -3 9  40-44 45-49  50-54 55-59  60-64 Tota l 

Servi ce i n  L ube B 
(years )

0-4 4 5 4 1 l 2 3 20 

5 - 9  l l l 2 1 6 

1 0- 1 4 2 2 2 1 7 

1 6 - 1 9 3 1 4 

20-24 5 4 9 

25-29 3 1 2  1 1 6  

TOTAL 4 6 4 2 0 4 1 7  22 3 62 



Table 8 

Shell  Oil Refinery 
Deer Park, Texas 

1977 

HHE 77-43 

Abnormalities Observed in Glucose Tolerance in Lube B employees* 

Glucose levels in  mg/dl of Serum 

Case Number Fasting 1-hour post 2-hour post Fasting
prandi al prandi al ·1 hour 

2 hour 
F+l+2 

Qng_r_storҜ 

l 121 

2 
 134 
 338 270 742 


3 92 219 214 525 

4 117 

5 91 238 214 543 

6 Known Insulin-Dependent Di abetic 

7 1 1 5  

8 143 272 295 710 


9 87 264 148 
 499 

10 112 213 134 459 


'l l 219 346 378 
 943 

Maintenance 

1 2  125 226 173 
 524 

1 3  130 
 335 170 
 635 


ҝcombined NIOSH and Shell Data. 

\ 

I

lI> 

lI 
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Table 9 

Shell Oil Refi nery 
Deer Park, Texas 

1 977 

HHE 77-43 

Lube B employees - abnorma l i ties of glucose tolerance by degree neuropathy* 

Degree of Neuropathy Any Abnormal i ty i n  Glucose Tolerance 
Absent Present Tota 1 

_Ol?era tQ.t§_ 

Present 9 6 1 5  

Border l i ne 2 2 4 

Negative 27 3 30 

Sub Total 38 1 1  , 49 

r:!*ntenance 

Present l 0 1 

Borderline 4 1 5 

Negative 6 1 7 

Sub Total 11 2 1 3  

Total 49 1 3  62 

*Combined NIOSH and Shell Data. 

I 

l
l
.I 
I 
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Ta bl e 1 0  


Shel l Oi l Refi nery

Deer Park

1 97 7  
, Texas 


H H E  77 -43 


Preva l ence of D i abete s  reported i n  hea l th i n terv i ews and number of cond i t i ons 

per 1 , 000 persons , by age and se l e cted c ha racteri s t i cs : Un i ted Sta tes , 1 973 . *  


Number per 1 , 000 person s 
A l l Under 1 7 -44 45 -64 65 yrs . 


C h a racteri st i c s  Ages 1 7  yrs . years years & over 

1 . 3 8 . 9  42 . 6  

1 6 . 3
24 . 1  


To ta l
Sex
Ma l e  

78 . 5  


1 . l 6 . 9  40 . 6  
1 . 6 1 0 . 8  44 . 4  

60 . 3  
9 1  . 3  
Fema l e  


Co l or 
Wh i te 1 9 . 9 1 . 4 8 . 3  39 . 6  75 . 9  
Al l O t her 23 . 9  1 2  . 8  70 . 0  1 04 .  5 


*Report of the Nati ona l Commi s s i on on D i a betes to the Congre s s  of the Uni ted 

S tates . Vo l . I I I . , Pa rt  1 Scope and Impact  of D i a betes DHEW No . ( N I H )  76 - 1 02 1 

p .  7 1 . 

( 




i n 

I 
I 
I 

I I 
I 

Tabl e 1 1  

Shel l O i l Refi nery
Deer Park , Texas

1 977 

HHE 77 -43 

Fa s t i ng Serum Tri g l ycer i de l evel s by decade of age i n  Lube B Departmen t* 

Fa s t i  ng Serum Age

Tri g l ycer i de mg/serum 40-49 


Years 

50-59  60+ 
 Tota l
20 - 2 9  30-39 


< 1 00 2 2 0 7 0 1 1  

1 00- 1 99 3 3 2 1 4  3 25  

200-299 0 0 l 7 0 8 

300- 399  1 0 0 4 0 5 

400+ 0 0 0 4 0 4 

Tota l 6 5 3 36 3 53 

*Comb i ned N IOSH and S he l  l Da ta for opera tors  ᠃ su perv i sors , and ma i ntenance . 



Tab l e  1 2  

Shel l Oi l Refi nery 
Deer Park , Texa s 

1 9 77  

HHE  7 7 - 43 

E n v i ronmental  Mea s u rments i n  l ube O i l U n i t  " B "  

Ac t i v i ty & Shel l Su rvey Data* OSHA Survey** 
Subs tance ( n } 
 Range of Dec . 22 , 1 976 Feb . 2 ,  1 9 7 7  

s amp l e s  
 TWA ' s  
 Average 
 ( n )  l eve l  ( n )  l e ve l 
------------�------

F i  l t e r  Opera t or  22 2 2 
( on e  e a ch spl peri od o f  395 , 3 1 0 ,  

& 6 5  mi n . ) *** 
ME K 1 . 0 - 62 ( 328 ) + 1 3 . l +  ( NO ) < l . O  
 ( ND ) 
To l uene 1 . 4 - 1 8  ( 1 58 ) +  6 . 3+ < 1 0 . 0  
 < 10 . 0 

MBK 
 ( ND ) < l . O  ( N D }
n - Hexa n e  
 ( ND ) < 3  


 1 2  samp l ed s i nce Nov .  2 3 , 1 9 76++ Benz ene 


eؾ fr:igera t i on 
Q.Qera tor 1 5

ME K 1 . 1 -2 3  ( 1 33 ) +++ 5 . 2  ( N D ) ( ND )  
Tol uene 1 . 0 -5  ( 54 } +++ 2 . 2  < 1 0 . 0  < 1 0 . 00 

MBK ( ND )  ( ND )  

n - Hexa n e  7 samp l e d  s i nce Nov . 2 3 , 1 976++ 
Be n z ene 
 ( ND ) < . 5  


Reco very Operat7 ـؿ 

MEK 1 .  0- 1 1 .  0 5 . 8  ( NO }  { ND )  
To l uene l . 4 -6 . 0  3 . 8  < 1 0 . 0  < 1 0 . 0  
MBK (ND ) ( N D )
n - Hexane ( N D )  ( ND )  3 s amp l ed s i nce Nov . 2 3 , 1 9 76++ Benzene 

4 
( one samp l e  per i od on ly  330 mi n . ) 

MEK 1 . 3 - 5 . l  
 2 . 5  ( N D )  ( N O ) 

Tol u ene 1 . 0 - 3 . l  
 1 . 6 
 < 1 0 . 0 
 < 1 0 . 0  

MBK 
 ( N D )  ( ND )  
n - Hexane 
 a l l 4 samp l ed s i n c e  Nov . 2 3 , 1 9 76++ Ben zene 
 ( ND )  

F j e l d  Ma i ف tenance 1 0+ +++ ( a rea samp l e  by 
( s ee s amp l e peri od note ) #2 f i l te r  be i ng ( NO )  

torn d own ) 

ME K 4 . 5 -4 1  2 2 . l 63 . 0  1 2 . 0  
To l uene 
 2 . 4 - 5 1  1 5 .  l 1 1 . 0 ( N D )  
MBK 
 ( N D )  
n - Hexane 
 a l l 1 0  samp l ed s i nce Nov . 2 3 ,  1 9 76++ Ben zene  


ق t 1 i t t  Foreman 2 
f 1 t  K I . 9 - 4 . 0 ( ND )  ( N D )  
l o i ,Je n e  
 l . 2 - 3 . 0 , l O . 0 < 1 0 .  0 
M B K  
 ( N D )  ( ND )  
n - Hexane  
 one sa 1 11p l ed s i nce Nov . 1 9 76++ Ben zene  
 2 3  , 

( N O )  
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Table 12 (con' t )  

Activity & She·11 Survey Data* OSHA Survey** 
Dec. 22,  1976 Substance ( n ) Range of Average Feb. 2, 1977 

samples TWA ' s  (n) level ( n }  level 

Board Man 
MEK l .  9 (NO) (ND)

Toluene 1 . 0  < 10 .  0 < 10 .0 

MBK (ND) (NO}

n-Hexane

Benzene sample taken since Nov. 2 3 ,  1 976++ 

* Shell personal breathing zone samples were coll ected on charcoal tubes over a ful l  term 

typica l "I  y 400 minutes or greater. The TWA ' s  are for 8 hours un 1ess otherwise noted. 

This data was col "lected between June 1 2 ,  1976 and February 2, 1977 and reported to 

NIOSH i n  a letter dated March 1 0 ,  1977 .  


** OSHA personal samples were col l ected for ful l  term. Al l personal sample volumes were 

greater than 20 l iters and the one area sample was 1 9 . 61 l i ters .


*** The none detected (ND) i s  based on a l aboratory and samp l ing sensativity as follows: 

MEK < 1 . 0  ppm n- Hexane < . 3  ppm 

Toluene < 1 0 . 0  ppm Benzene < .5  ppm 


MBK < 1 . 0  ppm 
+ One sample was unusua l l y  high due to repair work on a leaking l i ne on fil ter #2 . It


was not included in the computed average. 


t+ Samples taken since November 23, 1976 have been analyzed for hexane and benzene. None

was detected in  personal samples .  The detection l imits are . 1  ppm for n-hexane and 

.05 ppm for benzene. 


+++ One sample was unusual ly h iĪ due to a sol vent spi l l  i n  the refrigeration section. It
was not incl uded in the calcul ated average. 

t-t++ The sampling period for maintenaRce personnel varied depending on their activity. These 
samples ranged from 55 minutes to 7 hours. Most were greater than 2 hours. 



I Cr.īniul Nerves: (note tests used) 
Ris?ht Left 

I 

!I 


II! 

IV 


V 


VI 

I ,ZII

t : : 
VIII 

: : � IX

X 
� 

XI 

� 

t 
lleel walk: -------------------------------

XII 

' Gait and Statio'O.: 

-
Toe walk: ---------------------------------
Tandem walk: 

Romberg test: -------------------------------
II!Coordination: 

Finger-to-no -----------------------------
Heel-shin: -------------------------------

se: 

-
Rapid-alternating movement: Fingers:  --------


Rands: 
------------

'F' e et: ---------------------------------------- --
IVDeep Tendon Reflexes: Biceps -------

--------
----------

Triceps R L -----------
Brachioradialis R ---------L ----------
Patellar R ---------
 L·----------
Achilles R ---------L
-----------

-

P 1 ant a r R --------- L -----------

I
I 

I

I 

I 
·I

I

II



HHE 77-43 
V Aimormal Movements:--------J-------------------------

· . I  Muscle Strength and Atroohv: (Grade strength on a O to 5 scale) 

Right Left 

Wrist flexors 

Wrist extensors 


Elbow flexors 


Elbow e::x:tensors 


Deltoid 

Rip flexors 

Knee flexors 

Knee extensors 

Ankle plantar-flexors 

Ankle dorsi-flexors 

Foot invertors 

Foot evertors 

Other. muscles as needed to document peripheral neuropathy(such a s  intrinsic muscles of 
hands of feet) 

VII Sensory (ple.ase note the scale used in grading sensory response) : 
(If abnormal Ӻplease nap abnormality on diagram on following page) 
lUght Left 

Touch 

Pin rick 

Joint nosition 

Vibration 

r s ss __t..;.;h.;;.e.;;.r--"-s.;;.e,.;.;n;..;;.s..;;.o.;;.Y--"a..;;;_ _ ______________________ulo .... lo_

___ .,.____________\ 

-----------------------------------------------1;;11I 

need d to document d r ____e..;;.__ ______ _ f_ ___e...,g_e.,._ӻ-o_

__



HHE 77 -43 
C2 

De sc ribe th e fo l lowing when te sted.  

Two Po int  Extine tio n 

Stereog no s i s  Loc alization 


T rac ed F ig u r e s 




-

, 

11r.1rb. 
-

Conduc t i ng Ne rve conduc 
Amp l  i tude Ne rve S i de Moda l i ty La tency (mi l l i second s )  D i stance ( cm )  t i on ve l oc i l  

... A �  
•' ,,

= Ser.s o :·y ( u v } y Moto r ( mv )  l R Motor Sensor Prox ima l  D i s ta l  D i fference D 0/A cm/ s e c  

...Median 

U l na r  

.. 

Pe rfJnea l 

-

Po s t .  T i b i a l  

-

Sura l 

-
_Jll..bic> 

-
r 

"H ' '  Re f l e x 




--

- ·-. 1



A ttac hmen t 8 

HH E 7 7 -4 3  


NEURO LOG I C A L EXAl' ·!Il l J\TI O H PR OC EDUP.E : 

Unless otherwise ind icated , procedures of usually ea൩cep
xaminatiotab n le wepro rced e the ures .  

l .  Cranial Nerve s 

All cranial nerves were examined. Coffee and pipe tobacco 
are used to test smell sensation. Taste is tested for 
three primary tastes--salt , sweet , and bitter. 

2 .  Sensory Nerve s 

Examination of sensation · is done nexttesting
, after c, whi ranile al the nes rve ubj ect is still alerwith t anothe d r not proc fatedures 

igued of a neurologicawoo l el i xamis u nase td ion. to tes Cott fo ton r light touch , a and safa ety 128 pin cycle for tuni pain ng , fork for vibrationcrimi . Twonation i
-point ds t ises ­ted on every patient with applied two on blt e unt h t poinip ts of the finger, and on tfe he et. dorsum Hot of and the cold sensation is not tested. 

3. 
 Motor Nerves 

Muscle pOwer is recorded by nu:mbers 
of 

ranging five from to the complete 
normal paralysis by O (zero ) .  muscles The foare te llowing sted on every patient. 

(a) All muscles of shoulder girdle and scapula: 

Deltoid 
Supraspinatus 
lnfraspinatus
Rhomboid 
Serratus anterior 
Pectoralis major 
Latissimus dorsi 

(b) All muscles of elbow joint : 

Biceps 
Brachio radialis 
Triceps 



HHE 77-43 


(c)  	 All muscle s of forearm and wrist:  

Extensor carpi radiali s 
Extensor carpi ulnaris 
Extensor digitorurn 
Flexer carpi radiali s 
Flexor carpi ulnaris 

(d) .All intrinsic  muscle s of hands and fingers : 

Abductor pollicis longus 
Extensor pollicis brevis 
Extensor pollicis  longus 
Opponens pollicis 
Abductor pollicis brevis 
Flexor pollicis longus 
Adductor pollicis 
Lumbricals and interossi 
Flexor digitorum sublimis 
F1exor digitorum profundus 
Adductor digi ti mini.mi 

(e) 	 Similarly, the muscles of the hip girdle , of thigh 
and knee , of lower leg and ankle , of foot and great 
toe are tested. 

4.  Deep Tendon Reflexes 

Deep tendon reflexes are recorded by O (zero) as absent , 

of 
+ as decreased, + as nonnal , ++ to +t-+ as varying degree 

exaggeration, depending on the examiner ' s  judgment. 

5. Autonomic Function 

Autonomic function is judged by postural change of blood 
pressure with patient in sitting and standing position, 
by trophic changes on all extremities , and by pupillary 
reflexes.  



,-:.t taCl"1:•1c11t C 
HHE 77-43 

MEDICAL/NEUROLOGIC EVAJ,.UAIION FOR HHE 77-43 

I. 	 General Medical 

Fasting triglyceride level in serum 

Glucose tolerance test (oral) 


II. Neurolo.gical 

A. 	 General neurological exam Yith special emphasis on. eliciting signs
and symptoms of peripheral neuropathy. Medical history related to 
possible causes of neuropathy (i.e.  - alcohol, medications, trauna, 
diabetes mellitus, etc . )  is also needed. Comments and diagnostic 
impressions required. 

Attached is a copy of the neurological recording form used in the 
initial evaluation of these workers to indicate approximately what 
we would like done in this second confirmatory examination. 

B. 	 EMG and Nerve Conduction Studies 

1. 	 Lower Extremities (bilateral) 

a. 	 Peroneal and posterior tibial latencies and conduction 
velocities. 
·, 

b. 	 Sural nerve latency and amplitudes (antidromic stimulation 
at 21 cm and 14 cm). 

c. 	 EMG' s  on: extensor digitorum brevis . 
abductor hallucis 
tibialis anterior 
gastrocnemius 
quadriceps 

2o 	 ,!!peer Extremities (one limb
7 dominant arm) 

a. Median and ulnar nerves, motor and sensory conduction 

velocities and distal latencies. 


b. 	 If nerve conduction studieӼ are abnormal, check EMG' s  on 
first dorsal interosseous and abductor pollicis brevis.

Parameters needed on EMG's are: 

1. 	 Insertional activity (normal, increased, decreased) 
2. 	 Positive waves (0 to 4+) 
3. 	 Fasciculations (0 to 4+) 
4. 	 Fibrillations {O to 4+) 
5. Abnormal motor unit potentials (normal, abnormal; Indicate 


amplitude, duration, polyphasic character if abnormal) . 


( 	

I 	

I 

I 

I 	
1
I 
I
l 



Medǿcal/Neurologic Evaluation for HHE 77-43 
Page 2 

6. 	 Firing pattern: 0 - full interference
1 	C: non-specific reduction 
2 c 	 decreased recruit:::Ȁnt 
3 -	 single unit 
4 • 	no units under voluntary control 
5 a:: pattern consistent ȁith lack of 

voluntary effort 
	

7. 	 Comments and Diagnostic Impression 

Special Parameters required on nerve conduction studies are: 

1. Measurement of conducting distance should preferably be 
made with a fle.v;:ible tape. 

2. 	 Surface temperature measurements proximally and distally 
over nerve (at recording and stimulating sites ) .  

III. INTERPRETATION AND COMMENT OF MEDICAL/NEUROLOGICAL FINDINGS 

IV. INFOR.11ED CONSENT 

A NIOSH approved informed consent must be obtained from each study 
participant ·prior to any medical/neurological testing, and returned 




Ȃo NIOSH as part of the subj ect's· medical file. 



Attached is . a  copy of the NIOSH approved consent form to be used. 	

V. PROCEDURE FOR NOTIFICATION OF EXA..MINEES OF MEDICAL FINDINGS 	

Should any significant abnormality which requires immediate atten­
tion be detected, the examining physician will notify the examinee 




of such finding immediately and suggest follow-up health care by 



his personal physician, and a written report of such findings will
be submitted to NIOSH immediately. 

I
I

. I
tI 

,I
I 

I 

I Ǿ  




HHE 7 7 -43 

Prev i ou s  ex per i ence i n  tox i c  neu ropa t hy screen i ng prog rams sugge sts  
some a l tera t i on i n  the pro toco l  : 

Chang es are as fol l ows : 

1 )  One l ower and one u pper ex trem i ty wi 1 1  be s tud i ed . The s i d e  
stud i ed s e l ected  on the b a s i s  o f  screen i nq exam fo r wea knes s 
or o the r neu ropa thy s i g n s . I f  abnorma l i t i es are d i scov ered 
the oppos i te 1 1 Mb and paravertebra l mu sc l es re l ated wi l l  be 
sampl ed . 

2 )  	 Su ra l l a tency wi l l  be mea sured at the s tanda rd accepted 1 4cm 
d i stanc e  ( 3  mea su re s a re su pe rfl uou s )  . 

3 )  Mu scl es  sampl ed wi l l  i ncl ude a t  l eas t : 

Exten sor O i g i torum Brev i s  
1 st Dorsal  I n teros seu s ( o f  foot )

Extensor Ha l l uc i s Longu s 

Med i a l  Head G a s trocnem i u s  

Va s tu s  Med i a l i s  

1 s t Dorsa l  I nteros seu s  o f  hand 

Abducto r  Po l l i c i s Brev i s 


Others may be added a s  i nd i c ated . 
1 1H 114 )  A ti b i a l  refl ex l atency by the method descri bed by Braddom 

may be added to cases  i n  wh i ch rad i cu l opathy i s  su s pect , a n d  
to samp l e max ima l  segment v el oc i ty i n  otherwi se denorma l c a s es . 



....... 

At tac hmen t  [ 
H H E  7 7 -43  

NERVE COND U CTI O N  STU D I ES: 
Electrode Placement, Normal Findings, Proced ure G u idelines 

EFFERENT (MOTOR) CONDU CTI ON 


'E RON EAL NERVE 
itimulo.u­

1 ) A bove Fibular Head -peroneal n. 
courses aeroݡ and then medial to 
fibular head into pop!iteal space. 

2) Below fibular head-Nerve couݢes an­
teriorly and deep 

3) Ankle-Anterior lateral aspect 
(20% of individuals may have acces­
sory nerve to extensor Dig. Brevis-lt 
courses under lateral malleoius). 

 STERJOR TIBIAL NERVEݣ
•timulate­

1 ) Popliteal Space 
2) Posterior to medial malleolw 

FEMORAL NERVE 
Stjmulau ­

1 ) Proximal to inguinal ligament and la­
teral to femoral artery (needle elec­
trode facilitates) 

2 ) Distal to inguinal ligament (needle 
electrode facilitates) 

3 ) Distal to Hunter's triangle (anterior 
medial thigh) 

Active Electrode• 
Extensor Digitorum Brevis (anterior 
lateral aspect of pro::c.imal mid tarsal 
area) 

Normal Findings 
Distal Latent Period - Less than 
6.0 msec. 
Conduction Velocity 

Below Fibular Head 50 ± 6 
M/S 
Across Fibular Head 50 ± 6 
M/S 

Active Electrode•  
(lateral Plantar B) 
Abd uctor Dig. Q .P. (directly under 
tip of lateral malleolus at junction 
of sole and normal skin) 
(Medial Plantax Branch) 
Abductor Hallicus (directly under 
navicular tubercle) 

Normal Findings 
Distal Latent Period 

To Abductor Dig. Q. 5 .9  .± 
0.8 msec. 
To Abductor Hallicus 5.3 ± 
o.s ·msec. 

Conduction Velocity S 1 .:t 6 M/S 

Active Electrode• 
Vastus Medialis 
Reference Electrode over Patella.. 
Normal Find ings 

Expected Latent Periods (Adult) 
Above inguinal ligament to 
vast us medialis 7. I msec. 
Below inguinal ligament to 
Yastus medialis 6.0 msec. 

Conduction velocity 69± 9 M/S 

S<..'IATIC N E RVE 
Stimulate ­

Sciatic Notcn-Necdle stimulating elec· 
trode is essential 

FACIAL N E RVE 
Stimulate-

I ) A n g le of jaw (straddle mastoid 
process) 

RADIA L  N ERVE 
Stimulate-

1 ) Erb's point (supraclavicular fossa) 

2) Posterior lateral upper arm (post fold 
of deltoid) 

3 ) Lateral antecubital space 

ULNAR NERVE 
Stim ulate ­

} ) Erb's point (supraclavicular fossa) 

2 ) Proximal to ulnar gl'Oove 
3 ) Distal to ulnar groove 
4) At wrist (8 cm. proximal to active 

electrode) Just over flexor carpi ul­
aaril tendon 

Active Electrode• 
(Lateral Division= 
Common Peroneal) 


(M edial Division

Posterior Tibal} 

= 


Pick up at same locations as 
tibial and Peroneal N. 

Normal Findings 
Conduction Velocity SS ±.7 M/S 

Active Electrode• 
I ) Frontalis (mid-brow ) 
2) Nasalis ( Lateral Nostril) 
Normal Find ings 

Latent Period less than 4.0 msec. 

Active Electrode• 
1 ) Extensor Indicis Proprius 
Normal Findings 

Conduction Velocity 
Erbs Point to above Elbow 72 
±..6 M/S 
Above Elbow to Ext. Ind. P. 
62 ±.. 6 M/S 

Active Electrode* 
l ) abductor digiti quinti (over 

prominence o f  muscle) 
2) add uctor pollicu (over lateral 

palmar crease) 

Normal Findinݤ 
Distal Latent Period 

To abductor Dig. Q 3 .2 ± 0.5 
nl$CC. 
To adductor poll. 3 .4 z 0 .6 
msec 

Conduction Velocity 
Forearm Segment 62 5 ݥ M/S 
Across Elbow 63 :t 6 M/S 
Upper Arm Segment through 
Axilla 70 .:!: 7 M/S 



-

Attachment 
H H E  7 7 -43 

NERVE C O N D U CTI O N  STU D I ES :  
Electrode Placement, NorrnaJ F indings, Procedure Guidel ines 

EFFERENT (MOTOR) CONOUCTI ON 

•ERONEAL N ERVE 
itim ulau-

1 )  A bove Fibular Head - peroneal n. 
courses aeroೠ and then medial to 
fibular head into popliteal space. 

2) Below fibular head - Nerve courses an­
teriorly and deep 

3) Ankle-Anterior lateral aspect 
(20% of individuals may have acces­
sory nerve to extensor Dig. Brem-It 
courses under lateral malleolus). 

K>STERIOR TIBIAL NERVE 
,timulate-

1 )  Popliteal Space 
2) Posterior to mcd.ial malleolus 

FEMORAL NERVE 
Stimula.te -

1 )  Proximal t o  inguinal ligament an d  la­
teral to femoral arterr (needle elec­
trode facilitates) 

2) Distal to inguinal ligament (needle 
electrode facilitates) 

3) Distal to Hunter's triangle (anterior 
medial thigh) 

Active Electrode* 
Extensor Digitorum Brevis (anterior 
lateral aspect of proximal mid tೡ 
area) 
Normal Findings 

Distal Latent Period - Less th.an 
6.0 msec. 
Conduction Velo'city 

Below Fibular Head 50 ± 6 
M/S
Across Fibular Head 50 ± 6 
M/S 

Active Electrode* 
(lateral Plantar B )  
Abductor Dig. Q.P. {directly under 
lip of lateral malleolus at junction 
of sole and normal skin) 
(Medial Plantar Branch) 
Abductor Hallicus (directly under 
navicular tubercle) 
Normal Find ings 

Distal Latent Period 
To Abductor Dig. Q. 5 .9  .± 
0.8 msec. 
To Abductor Hallicus S .3 :t 
o.s · msec. 

Conduction Velocity 5 1  .:t 6 M/S 

Active Electrode• 
Vastus Medialis 
Reference Electrode over Patella. 
Normal Find ings 

Expected Latent Periods (Adult) 
Above inguinal ligament to 
vastus medi.alis 7 . 1  msec. 
Below inguinal ligament to 
vastus medialis 6.0 msec. 

Conduction velocity 69± 9 M/S 

S<.:IATIC N E R V E  
Stimulate-

Sciatic Notch-Needle stimulating elec· 
trode is essential 

FACIAL NERVE 
Stim ulate-

I) A n g le of jaw (straddle mastoid 
process) 

RADIAL NERVE 
Stimulate -

I )  Erb's point (supraclavicular fossa) 
2) Posterior lateral upper arm (post fold 

of deltoid ) 
3) Lateral antccubital space 

ULNAR N ERVE 
Stimulate-

I )  Erb 's point (suprac!avicular fossa) 
2) Proximal to ulnar groove 
3) Distal to ulnar groove 
4} At wrist (8 cm. proximal to active 

electrode) Just over flexor carpi w­
naria tendon 

Active Electrode• 
( Lateral Division'"' 

Co mmon Peroneal)


(Medial Division= 

Posterior Tibal) 


Pick up at same locations a: 
tibial and Peroneal N. 

Norm31 Findings 
Conduction Velocity SS t 7 M/ೢ 

Active Electrode• 
1 )  Frontalis ( mid-brow) 
2) Nasalis { Lateral Nostril) 
Normal Find ings 

Latent Period less than 4.0 rruec. 

Active Electrode• 
I )  Extensor l ndicis Proprius 
Normal Findings 

Conduction Velocity 
Erbs Point to above Elbow 7; 
t6 M/S 
Above Elbow to Ext.  Ind. P 
62 ±. 6  M/S 

Active Electrode* 
l )  abductor digiti quinti (ove: 

prominence of muscle) 
2) adductor pollicis (over latera 

palmar crease) 
Normal Findings

Distal Latent Period 
To abductor Dig. Q 3 .2 .± 0.j 
msec. 
To adductor poll. 3 .4 .± 0.(  
msec 

Conduction Velocity 
Forearm Segment 62 .:t S M/S 
Across Elbow 63 ± 6 M/S 
Upper Arm Segment throug.ll 
Axilla 70 .:t 7 M/S 

http:throug.ll
http:Stimula.te
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lೣ ElJli. i°" N E RVE 
itim ulate-

1 )  E rb 's point 	
2) M edial aspect antecubital space (just 

lateral to brachia! artery ) 
3 )  Wrist between (8 cm. proximai ro 

active electrode)  palmaris longus ten­

don &. flexor carpi radialis t endon. 


' Reference Electrode is placed over the 
endon or another electrically silent area. 

Ai.:tive Electrode• 	
Thenar muscles {prominence of ab­
uctor pollicis brevis) 

Normal Findings 
Dis'tal Latent Period 3 .7 .± 0.3 
msec.
Conduction Velocity 57 .± 5 M/S 

d

A F F E R E Ni {SE i\lSO R Y) C O N D U CT I O N  

MEDIAN Stimulating E lectrodes 	 Active &. Reference E lectrodes 
4 cm. apart mounted in plastic I Orthod.romic R ing electrodes 4 cm. apart 
bar with a ct ive placed d ist ally around index and middle  fin­
1 4  cm.  fro m ca thode ( between ger.; with c:i.throde at b ase of 
palmaris l o n gus & flexor carpi digit.  
radialis tendons) 

II  A.ntidromic Reverse oi above ie . Stimula­
Normal Findings ting become pick up electrodes 

Distal Latent Period (active-proximal ) and pick up 
Orthodromic .ind Anti­electrodes become stimulating 
dromic 3 .2  .± 0.2 msec. (distal is cathode) 

Conduction Velocity 57 .± 4 
M/S 

ULNAR S timulating Electrodes 	 Acti"t"e & Reference Electrodes 
4 cm. apart wi th active placed I Orthodromic Ring electrodes around ring 
distally 14 cm. fro m cathode and little finger 4 cm. apart. 
(over flexor carpi ulnari.s ten­Cathode at base of digit. 
don)

I1 Antid.romic Reverse of above. Caution! Normal Findings Motor artifact is annoying! Distal Latent Period 
Orthodromic 1 and Anti­

edromic 3.2 .± 0.25 msc. 
Conduction Velocity 57 .± 5 
M/S 

RADIAL NER.VE S timul•ting Electrodes 	 Recording Electrodes 
4 cm. apart mounted in plartic Orthodromic 2 strips 4 cm. apart over dor-­
bar over the dorsol.ateral aspect sum of web space; cathode 
of the radius (j unction of mid­plac೤ proximally. Or ring 
dle and distal thirds)

electrodes around the thumb. 
Normal Findings 

Distal Latent Period - 3 .3 ± 
0.4 msec. 
Conduction Velocity SS ± S 
M/S• 

SURAL NERVE Stimulating Electrodes 	 Jlecording Electrodes 
4 cm. apart mounted in plarticAntidromic M i d -v e n t ral calf (cathode 
bar just under lateral malleoJus. placed distally) 
Normal Findings 

areater than 40 M/S* 

•subtract . 1  ms from latency and divide into dis tance. 
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PR OCEDURE F O R  "H" R E F L EX 

I )  
2) 
3) 

Stimulate ne rve with ca t hode proximally with iow intensity ( 2 5-3 0v) 
Frequency of s t imuli I per 2 or more seconds, to avo id b locking response. 
Recording electrodes placed over appropriate muscle b elly and tendon. 

GENERAL G U I DEL INES F O R  STU D I ES 

l )  Do motor (efferent)  studies first to loca te nerve trunk fo r  a fferent stud ies ! 
2 )  	 Be alert for anomalous innervation, e .g. cross over fro m median to ulnar, et c !  
3 )  	To isolate response, us e  needle electrode to pick up ! 
4) 	 Must use surface  electrodes to demonstrate myasthenic response ! 
5 )  	 Always stimulate in distal  position for m yasthenic respo nse ( i.e .  close to muscle) 

to avoid excessive movement artifact .  I mmob ilize part to be stimula ted . 
6 )  · Note amplitude,  duratio n and shape of evo k ed potential at both stimulation sites 

and co m pare. 
7) 	 Beware of stimulus spread with increased duratio n and voltage and thus 

misinterpretation of results. 
8) 	 When determining conduction across a possible entrapment site ;  Note amplitude 

and d uration of evoked poten tial as well as calculating the condu ction velocity. 
The ulnar nerve conduction across the elbow sho uld be measured with the elbow 
flexed to  at  least 1 1  0° so  that segment of nerve measured will mo re nearly 
approxim ate the distance on the surface. 

9) 	 With children· and infants, electrodes may be miniaturized , however, careful 
determinations with adult stimulating and recording electrodes are satisfactory . 

10) For ambiguous afferent nerve action potentials, tum down intensity and repeat 
stimulus 20-2 S  times. Noise will average out and signa1 will be defined on a 
photograph with exposure on bulb. 

H H E  7 7 -43 
NOTES 
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Tabl e l 

Gl ucose Tol erance w i th Age* 

A .  
 Ada pted from FAJ ENS ( 5 )  

AGE FAST HOUR 2 HOURS SUM OGTT/2 HOURS  
-50 
 1 1 0  1 85 
 1 40 435  

50-60 1 1 0  
 1 95 1 50 455  
60 - 7 0  1 1 0  205 
 1 60 47 5 
7 0-80 1 1 0  
 2 1 5 
 1 70 495  

B .  
 Ada pted from ANDRES  ( 2 )  


AGE FAST 
---l HOUR 2 HOURS SUM OGTT/ 2 HOURS 

-30 
 1 1 0  
 1 85 
 1 65 
 ( 1 85 )  * 460 

30-40 1 1 2  1 9 1 1 7 5 
 ( 1 95 )  478  
40-50  1 1 4 
 1 97 
 1 86 ( 205 ) 496 
50-60 
 1 1 6 203 
 1 95 ( 2 1 5 )  5 1 4  
60-70 1 20 2 1  5 
 2 1 5 
 ( 245 ) 5 50  

* I n  pa ren t hese s  a r e  g i ven the  a pprobu x i mt a te no t vac l l e ues a r l y  for d i paagno t i e n t s  s t i c  a bof ove  d i a b nore t maes  l 
a n by d i n  the the  Andtext res , c r ith i tes r irange a .  I n  F iof g u rv a l e ues  1 ,  h a s  T h e  d a ta been wa dess i ca gnal c ted u l a t " ped ro bfro a b l e m the d i abetes Andres . "  add moi t i on nogram of 1 5 for % whon  o p l l e  a b lsma ood g l g lucose  uco se  a n d  by " round i ng off . " 
* Repo r t  of the Na t i ona l Comm i s s i on on  U n i D ited a betS t e s  a t to e s ; t hU . S .  e ConDepa r gres s tment of of the Hea lSer tv i h ,  c Educe ,  a t iNat i on  o na l  , a nd I n West i l ftut aree ; of  Pu b l  He i c  a l t Heh ,  a l t h  p .  DHEW 5 7 - 5 9 Pu. b l  i c a t i on  No . ( N I H )  77 - 1 02 1  , 



Fieure l 

DIAGNOSTIC LEVELS OF PLASMA GLUCOSE 

2 HOURS AFTER GLUCOSE CHALLENGE PLASMA 

GLUCOSE - mg.% FOR VARIOUS AGES 
1 .. 

DIABETES 

,.·.· . . ·b0, ''l/l/0!/,c1htlJ;; ,, 
' . . .

I.I, . . . 
::x, / 

.·. ··· .·. . · · ····· · . · ·C
"'· "' ,.

•.

NORMAL 
. L 

3n �n 70 8020 ".lv 50 60 

AGE 

The values drawn are based on information derived 
from fajans and Andres. ns shown on Table 1 .  
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Fi�ure 2 

DIAGNOSTIC LEVELS OF SUM OG1T/2HR. 

(F+1+2HR.) AFTER GLUCOSE-CHALLENGE PLASMA 
GLUCOSE -mg.% FOR VARIOUS AGES 

VI "' 

40 50 60 70 80 

DIABETES 

-AGE 

The Suni-OGTT/2 hours is useful in ilrhitr11tion of 
e'1111vocal tests. A p,1tient with n sin1• l e  ahnorm11l 
]-hour or 2-hours vnl 11e would b�· rl iar,nose•l on the 
b:isis of the tolal s111•1 of the 2-hour or.TT. 

t ,.�AR -£4.i.L-?¥¥/#--#4¥ .i§S;: 

.¥4««k.: 
WPA4 ;;;;gg�·t'4t !J 
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Th i s atta c hmen t  i nc l udes data and  l abo ra to ry procedures rece i ved  
from She l l O i l Ref؄ ne ry , Dee r Pa rk , Texas  i n  the i r l ette r of 
Ma rch 1 0 ,  1 977 . T he con ten ts  a re a s  fo l l ows : 

Quant i tat i ve Ana l y s i s  of  ME K 

Spec i f i c a t i ons and Typ i ca l  Ana l ys i s of  To l uene 2 

Compos i t i on of  D ry So l ven t  3 

Ana l ys i s  of  So l vent M i xture for Heavy Meta l s 4 

Ana l ys i s of  P roce s s  Streams for Heavy Meta l s 5 

Ana l ys i s o f  Br i g h t  Sto c k  fo r Heavy Meta l s 6 

C ha rge and P roduct Prope rti es  7 - 8  

Ana l ys i s  of  Dr i nk i ng  Wa ter for Hea vy Me ta l s 9 

Ana l y t i ca l  ( &  Samp l i ng )  Methods 1 0 - 1 2 

. I 
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LUTIE B - HEK U:,,J IT 

ĂANTITATIVE 

ANALYS I S  OF  :-1tK 


SAMPLE DATE 1 2 - 2 2 - 7 6  

COMPONENT : B Y  WEIGHT 

MEK 9 9 . 4% 

IPA 0 . 1% 

SEC-BUTANOL . 2 3% 

. 22% 

< 10 ppm 

 

( 
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P::-oduc t ion He thod : To lu ene Cc l c൪n To p s  . Ch൫ rse  i s  uulfo l a n e  cx c r൬c t o f  
s t a b il ized  rc fo rma c e . 

Treatoent : None  (re fo t"n3 t e  i s  hyd r o t r ea t ed )  . 

Y i eld  : 2 7 00 E / CD  

Key Co n trol Tes ts : Puri ty  I D is t  . 

Propert  i e s  

s2ec i f ic a t ion TYPica 

Grav ity , Spe ci f ic  
0 

l 
a t  60° F 

Grnvi ty , A? I ൭ 60  0 . 869  - 0 . 8 7 3  F . 87 08 
Colo r ,  Hazen 3 1 . 0  
Odo r 

0 

Max


. 1 0 ( 1 )  5 


Corr . Cu . S t r i ( 2 )p at  2 1 2  F. ,  
0 

D-849  Pa sses  

Kinc.na t ic Max . Vis 1 co s i 7 7  F ,  c s  Non-Vo la t iles  

0 

ty  at  lB  
mg/
c 

1 00 ml 0 . 7  
Cloud Po in t , 1 

Ac id Wash Col Max . 30 or 5 

H S and so Ma o+ 

2 pp൮ Nil 

x . 2

Sulfur , 
., Passes 


Insoluble MaxMa t t e ·. 3 0  r pew l 
Ac id i t y  Max 

Separa ted  Wa ter Nil 
. 
 0 .  1 0  None 

Pas ses 

K .  F .  Wa t er , pew None Pases  
RI °at 2 0 c 0 . 005 
Dis t illa t ion ,  C 1 . 4 96 5  

IBP 
t or. Rec 1 1 0 . 4  

DP 1 1 0 . 5  


Dis til lation Range , 0c 1 ° inc lud ing 
1 1  0 . 6  ±0 .  1 ° 

1 1 0 .  6 
0 .  2 

Pu rity , pcv (GLC) C 
Sat .  , ppm 
 Min . 9 9  . 9  99  . 94  
Benzene , ppm Max 500 300 
Xylcnes , ppm Hax 300 (5 ) 50 
Misc ellan eous Pro Max pert 300 ies (3 ) 20  

P-eroxide No . Neq/ liter  ASTI1 D- 1 563  Carbonyl , p pm ASTI1 
Nil 

Chlor D- 1 08id 9 es  ( Sod iuQ Biphenyl extraBro c tmine  
ion) , 

Nil 

I nd e ppm x SMS-57  L .  T .  
1 

Color Reac t ion Te s t ,  24 hr s .  LTl O  (4 ) 

Max 2 l 

( 1 ) No t c a r ൯ cr  t h ൰ n  a solu t i o( 2 )  n o f  ൱o 0 .t i n f 0030  e r i g Ko r  2 c r2 07  to  in s tnn one  l id a rd t e r  . o f  wa t e r . 
( 3 )  B .:-, s e,d on  l ini t cd d a t a . 
( !, )  P ro p c :-!: y  v.1 r i c s  w i t h t.:l i t  o ;i c r a t fonc c1 t a l .s a ::y ൲ r  d . .:i g c  o f  C R - 3 c oL.J l t - ::.o l j1 bd  e:-:u ::: 
( 5 )  ൳..:i ൴: i;-_;.:::i 2 00  pp ::i fo r ൵{o b::iy Cb .::.-u .!.cal  Co . 
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LUBE B - HEK UNIT 

CONPOS IT ION OF DRY SOLVEĈT 

SAflPLE DATE : 1 2-22- 7 6  

Response 

Component  
Emergenc e Fac tor 
Time , Sec . (Relat ive to b en z ene) w 

c Hyd rocarbon J,.17-207 1 . 0  
7

0 . 025  
൶൷Hyd rocarbon 217

458 
-263 1 . 0  

1 . 752  
0 . 0 7 7  

49 . 086  
Benzene} 554 1 . 0  0 . 009 
IPA 554 
Unknown 1 . 0  

2 . 10 0 . 020 

MIBK 
590 0 . 009 
786  1 . 53  0 . 034 

SBA 
Unknown 

803 
1 . 0  
2 . 0  0 . 109 

Toluene 
862 0 . 005 
955 1.03  50 . 618 

Methy
ketone 

l n-butyl 

MIBC 
1025 .1 . 34 Absent 
1826 2 . 0  0 . 008 

Sec At t.::1 c hn:0 n t  9 for d es c rip t i on o f  ana l y t ical  me thod . 
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LUBE B - HEK UN IT 

ANALYS I S  OF SOLVEN'T }fI XTURE FOR HE:WY }fETALS 

FEBRUARY 1 ,  19 7 7  

SAMPLE RESULTS* 

Dry We t 
Metal Solvent So lven t 

Ars·enic < . 001 < . 001 

Bismuth < .  001 < .  001 

Thallium < . 001 < .  001 

Antimony < . 001 < . 001 

. Cadmium < .  001 < . 001 

Copper . 002 . 005 

Lead < . 001 < . 001 

Ni ckel < . 004 < . 004 

Vanadimn < . 001 < . 001 

Mercury 
 < . 001** < . 001** 

Phosphorous . 8  . 7  


. I


( 

*A l l  r.;e t a l s  exc e p t  phos pho rous w e r e  d c t err.:incd  b y  a t o-::d c  absor p U on spcc t ro­
pho t o 1 : 1 -ɭ t ry .  The mea s urcMc n t s  .:i re in  the  uni t s  of  rr.:i J. l i grams p c.• r  l i t er 1,,:h i c h  
i s  ve ry  nea r ly pa r l s  per  mil l ion (wei gh t ) . ( S ec a t ta c hme n t  9 fo r dc:s c ri p t i o n  
of an .:i l y t i cal  me tho d .  ) 

**The L 1 l, o t".'.l tc ry r c: po r t ;.;  th.::i t d i r,<:'.s t 1 on o f  $.'.l:-:: ; , ] c  by  t ɮ1 c p c r r.:.1 n ;'. :i :1 .1 '. c rno:.' t l t n ,J 
\..' .:1:. n n t  c or.1ri l c t c· ,l r? d  L h e r e f t• rc  t h e  :i <'.". c ura c y  o f  L h c  d c ɯ e r7: : i n : 1 d ,, 1 1 i s  i n  d o ub t . 
A ruo rc  .:i c c ur .:1 t i.:  1: 11. : L bu <l o f  naɰ r c u r y  d L' l l: l" iU i l i ..i l iun i :.  u ;1J ,• r t:. (: V <; J 1 , p : 1 1L' n t  . 
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LUilE B - HT:K t'N1T  

ANALYS I S  OF  PROCES S STRE,U1S FOR  l !LWY ĊfET,\LS 

FEBRUARY 9 ,  1 9 7 7 

PROCESS M:.\TERIAL ANALYS I S  

Dewaxed Bri gh t  Stock Raffinate less than 1 0  ppm of  : 
Dewaxed He avy Raffina te lead 
Dewaxed 100 Raffina te mercury 
Dewaxed 250 TQ .  Ra f finate cadmium 
Dewaxed HQ 2 5 0  Raffinate vanadium 
Crude Wax 1 6 0 / 1 70 nickel 
Crude Wax 140/150 arsenic 
Crude Wax 130/137  bismuth 
100 Raffinate copper 
250 TQ Raffinate antimony 
250 MQ Ra ffinate thallium 
Heavy Ra ffinate 
Bri gh t  Stock Raffinate less than 100 ppm o f :  

phosphorous 

All me tn l a  were by de termined by X-rny f'lourea ccnca ,  (Se t  At  tac hmon c 9 )  
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LUBE B - MEK UNIT 

ANALYS I S  OF BRIGHT STOCK FOR HE.WY !·IE':':\LS 

ANALYSIS BY ATOMIC ABSORPTION SPECTROPEOTmfETRY . 

FEBRUARY 1 ,  1 9 77 

Antimony < . 001 ppm 

Thallium < . 001 ppm 

Bismuth < . 001 ppm 

Vanadium < . 001 ppm 

Arsenic < 
 ·• 2 ppm 

Phosphorous 3 . 5  ppm 

Lead < . 002 ppm 

Mercury < . 01 · 
ppm* 


Nickel . 011 ppm 


Copper . 026 ppm 

Cadmium . 020 ppm 

· -.., e l abor.1 t o ry  r eports tha t  di ges tion o f  s amp le by the pe rmangana te r;;c thod w.:is  no t: co;n 
° th e r e for e the  accuracy o f  the  d c t cnni n.1 t ion is  in d o ub t .  A mo re a c c uro. t c  me t h od o f  

....... rc ury d c t c n:i n.:i ti o u  i s  unde r d evelopmen t .  


(Sec A t t nchmcn t 9 )  

http:accuro.tc
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CHARG E ANO P RCDUc·r I' RO PF. R'l' T ES 

HVI 100 HVI 2 5 0  IN I l !  Ei\VY BRT .  STOCK 

Dc ·,:o. x i  r , c:i  Mode 

C l: r1  r ci  e 

V i sc"7;si ty Index 
(Proj ected )  * ' 90  92  88 90 91  93  89  9 1  

Product Oil 
Viscos ity , SU @lOOF 90  93  257 270  
 580 74 0 2900 
 3000 


SU @210F 38 39 
 49 so 69 
 
 1sr  160 

Viscosity Index 90 
 98 89 
 93 
 89  


73  

 8 :>  91 


Cl.ear Pt (Solv . Di l .  ) 0 
 -14 -8 
 18 -15 
93

0 0 
 +12 

Pour 
 Point , 
 Op 5 
 20 10 25  0 15 15  25  


Crude Wax 
Melting Pt: ' OF 113 118 128 



137 146 

Oil Conten t ,  %wt 8 25 10 21 24 
154 168 170  

36 
 26 44  


*This test is  a measure of extraction severity at the phenol extraction uni t .  




( 
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7��I io�3 8 .  

HVI 2 50 HV I ,ax 
 Spl itt  ing 
 BRT (B . r t .  S tock  Raw Wax On 
S

ly )  
'1'0C K

y ·ك c - Prodt.:c t lل.:ix from Dco i l ing 
!-\cl  t ing Poin t ,  0L' ..., 1 70 1 80 

Prod uc t Wax - W1P 


Melting Poin t ,  OF 180 Oil Content ,  
 18%wt 7 

0 , 1  


ft Wax-Microcrystallنم ine 
Melting Point , OF 140 Congeal poL1t , Op 145 

135 
Oil content, 
 %wt 139

. 7  1. 5 


Oeoiling Mode 


Char9:e (Crude 
Wax )  . 

Melting Point,  Op 113 118 
 128 137 
 146 154 168 17 ( 

Product Wax 
 (Raw Wax) 

Melting Point , Op 124 Oil Cont 126 ent , %wt . 138 143 158 
 162  0 1 . 170 0 18C  0 . • 6 
 . 7  2 . 0 
 . 2  1 . 0 
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LUBE B - MEK UNIT 

ANALY SIS OF DRI൸KING WATER FOR HEAVY NETALS 

FEBRUARY 1 ,  1 9 7 7  

SAMPLE RESULTS* 

Drinking Foun tain Kitchen Sink 
EPA 
inan

Ma
t Levels 

ximum Con :  
In 

Water Blank Out s i de o f  Control Ins id e Control  Drinking \-:a c e r  
Metal (Douhl e De ionized)  Room Room (mi lliߥ ra.:-.s / l i t 

Arsenic < . 001 < . 001 < . 001 0 . 05 

Bismuth < . 001 < . 001 < . 001 No limit es tab l · 

Thallium < . 001 < . 001 < . 001 No limit es tab l  

Antimony < . 001 < . 001 < . 001  No limit es tab l 

Cadmium < . 001 < . 001 < . 001 0 . 010 

"""lper < . 001 . 036 .023 tabl 
t 

No limi t es

.d < . 001 < - . 001 < . 001 0 . 05 

Nickel < . 004 < . 004 < . 004 No limit es tabl  

Va߬adium < . 001 < . 001 < . 001 No limit es tabJ  

Mercury < . 001 < . 001 < . 001 0 . 002 

Phosphorous < . 01 .05  . 03 No limit es tab: I
I

nc ߦ t ,J l s  exc e p t  pho!; phorous tJC r()  de t e rmined hy a tomi c  ab s o rpt ion  z pc c t ro pl 1o t o ߧ,1:: t ry  ߨ .
ߩ - . 1 : ;  l: r c : : :c ߪ 1: '. : :i r e  i n  thv  un i t s o f  
1,1i l l  i ! •ra r:,s p c-r l i t e r  w h i c h  i s  
v e ry n c- .:n l y  p .:n t :; r v r  :: · i .1  : 

'-' C :: r 1. 1 t . ( Sec  n t t ::i c h߫cn t  9 for.  des c r i p t i o n  o f ,1 1 1 ,1 J y t ic :1. l r:10 t: hod . )  
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ANALYTICAL METHODS 
 l
FEBRUARY 1 1 ,  1977 
 I

1 .  Personal 	s ampl ing ӽethod l
I

Personal sampling i s  done i n  accordance with the NIOSH standardized 
charcoal tube sampling/analyticnl method S-3 (also P & CA)t 1 2 7 ) .  The 
charcoal tube holder is attached to the shirt collar in order to sareple I

I 
air from the b reathing zone. Both Sipin Nadel Sp-1 and }IDA Accuhaler 808 I
personal sampling pur.1ps have been used to collect samples . The charcoal 
tubes are capped and transferred to the Industrial Hygiene Laboratory at 
the Wcsthollow Research Center. The tµbes undergo the standard carbon 
disulfide desorption and GLC analydis.  

2 .  Solvent analysis 

Samples of finished MEK, wr-t solvent,  and dry solvent were collected 
in quart-size glass bottles . and capped. The samples were transported to th 
Westhollow Research Center by courier. Each sample was examined by GC -
mass spectrometry for qualitative analysis and by GC - flame ionization 
detector 
follows : 

for quantitative analysis . Instrumentation and settings were as 

Instrument: 	 Hewlett-PackӾrd 5700 A - Flame Ionization Detector , 
Infotronics Model CRS 101 Integrator 

Column: 50'' 	x 0 . 02" SCOT Carbowax 1540 
Perkin-Elmer Serial SC 4876 

Conditions : 

Injection Port 0
2so c 

Detector 250 ° 

0 c
Column Oven ao c Isothermal 

Carrier Gas Helium 8 . 5  psig inlet pressure 

Sample 1 ul split 3/1 

 
 

l
I 

I
! 

t 	
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S H E L L  D E V E L O P M E N T  C O M P A N Y  
1 1 .  

FEBRUARY 2 3 ,  1977OME 

SllELL OIL CO'!-rPANY 	 fltO.� MANAGER A..�ALYTIC..\L - CllE�ITCAL/OIL fO 
DEER l'/,RK !·L'\SUFACTURING CO�:'I'LEX WESTl!OLLOW RF.SEARCH CE!HER 

SAF!::T\' /\RO c:ouSTl{lAL HYGIENE-
MAN,\C[l{ 

SUIUKT 	 HETHOD Dl:SCRI PTT lr,s FOR l.UBF. F.:xTR.\-.:T r0:.; 
PLANT SA.HPLES 

The following brief descriptions of analytical methods used by our 
Industrial Hyiiene Laboratory for analysis of samples taken at the Deer Park 
lube extraction plant have been prepared at the request of 
Industrial Hygienist ,  Deer Park Manufacturing Complex. 

Airborne Vapors 

Airborne vapors collected on charcoal tubes were analyzed for HEK , 
toluene , benzene, and n-hexane by the standard NIOSH procedures as described 
in P&CAM No. 1 2 7 ,  NIOSH Manual of Analytical Methods ( 1 974) , and in Hethods Sӿ 
(2-Butanone) and S90 (Hexane) from the NIOSH Standards Completion Program, 
Sets A and G respectively. All four components were desorbed with carbon 
disulfide and analyzed by gas chromatography in a single run using a 1 5  f t .  x 
1/8 inch column with 1 0% TCEP on Chromosorb W-AW at . 65° c .  Calibrations were 
made using external standards .  

Metals by X-Ray 

The method is known as Energy-Dispersive X-Ray Spectrometry (EDXS) . 
In this technique samples are bombarded with a beam o f  x-rays which causes 

elements in the sample to fluoresce. This fluorescence is accompanied by 

the p roduction of photons whose unique energies specifically identify the 

unknown elements. The number of photons at each energy are counted , which

is a measure of the concentration of each element in the sample. 


'fhese photons are. detected with a lithium-drifted-silicon, Si (Li) , 

solid-state radiation detector. The i-mpulses from the detector are sorted 

electronically by a computer-based multichannel analyzer and displayed in

histogram form. 

Our configuration employs a "secondary-target" technique Ԁhich allows 
for maximum excitation of the elemnets of interest. This allows us to 
determine most elements to less than 10 ppm. 

Analysis of the samples indicated no metals presԁnt at levels above 

10 ppm (our limit for phosphorus is 100 ppm) . 


To i nsure the accuracy of our method, we prepared synthetic st.:ndԂirds 
at low ppm l evels and found the instrument to be working satisfac torily . 

\ 

I 
\ 

I 

\
I

I 

I 

\ 
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M߭ t ;1l s  hy AA 

1 .  	 B r i [:h l s tock o i l  '\. 50 g:-:i s :unp l ߮  w i t h  5 gm  su l f u r  . 1 dd (' d  i.: . 1 s  c i 1 ,1 r r߯d  
and  p l a ced  in  4 5 0°c  mu f f ! e  f u r n a c e  o v 0 r n i gh t  . Th e r sه i du a  was 
d i ss olved in  I IN0 3 and d i l uted  to  25  ml . Pb . Cd , V ,  Ni , S b , B i , 
Cu , and  Tl  we re  run on this  s amp l e  us ing graph i t e  f u r nace  a tomic 
absorption . 

Ars enic was dete rmined a fter  diges t ion  o f  a 3 g s ample  with  s u l furic  
ac id  and hyd rogen p erox id e .  Th e samp le  was d i lu t ed to  2 5  ml and 
As d߰termin ed by  graphite  furnace a t omic  absorpt ion . Ni ckel and 
n߱tric  acid we re  added to the s ampl e  in th e graph i t e  furna c e . 
This  ma trix mod i f i cat ion technique allows the use o f  h igher  charr ing 
temp eratures without loss of  arsenic . 

Mercury was run by s tandard cold vapor te chniques  a f ter a permanganate 
digestion of the sample . This  method is  not su i tab l e  for this type 
sample and the val idity of  the result is in doub t . 

2 .  	 Water s ampl es  and wet /dry solvents  were analyz ed for Pb , Cd , V ,  
Ni , Sb , Bi , C u  and Tl b y  d irec t inj ec tion into a graphite  furnace .  
N o  sample pretreatment was involved . 

Arsenic was determined by graphite furnace atomic absorp t ion using 
nickel/nitric acid treatment in the furnace tube for ma trix mod ifica t ior 

Mercury was determined by standard cold vapor t echn iques following 
permanganate dige s tion . This method was not sui table for the solvents  
and they were not analyzed for mercury . 

Analys is  of Liqu id Samples for Organic Compo s i t ion 

The GC and GC/MS analys is of the wet and dry solvents (MEK/To luene) 
and the solvent  s ewer samp le  have already been desc ribed in the memo from 
Manager - · chemical/Oil , WRC , to  Manager , Manufac tur ing Safety and Health , 
dated January 1 8 ,  19 7 7  with a copy to 
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U . S .  Dt:?A.lU:1ENT OF HEALTH, EDUCATION, AND WELFARE 

CENTER FOR DISEASE CONTROL 
NATIONAL INSTITUTE FOR OCCt;PATIOԃiAL SAFETY A..Ԅ HEALTH 

CINCINNATI,  OHIO 45202 

CONSENT FORM 

I , age voluntarily agree to
participate in a health hazard evalL · ԅ on at Shell Oil Refinery, Deer 
Park, Texas, conducted by the Natio: Institute for Occupational Safety 
and Health (NIOSH) . This evaluatio:·. . conducted under the authority o f  
section 20(a) ( 6 )  of the Occupat::i:ona] .-·:tfcty and Health Act and in accord­
ance with Federal regulations (42 Coje of Federal Regulations Part 85) . 
I understand that I will be asked questions about my current and pas t 
health, and that I will be requested to undergo a medical/neurological 
examination by iHOSH approved physicians. 

I understnad that I will be asked to provide a small amount nf blood 
which will be drawn from my arm by a needle and will later be a ·  ··l tq
provide additional small amounts of blood which will a1 Ԇo be dr . . . from 
my arm by a needle for determination -of blood sugar a, ·. triglycerides. 
Drawings of blood may cause small discomfort but invol···:S little or no 
risk to health. I may also be asked to supply a urine specimen. 

A neurological examination will be performed by a neurologist and 
includes tests for taste, reflexes ,  motor coordination of all limbs,,
muscle strength, and feelings of sensation. 

A nerve conduction velocity test lrl.11 be performed using an electri­
cal impulse on nerves in ·the arm and in the leg. Skin te..'llperature at the 
points of stimulation and recording will be determined. The stimulus for 
nerve conduction testing is similar to the feeling experienced when you 

· bump your 11 crazy bone." 

An ·electromyographic test (EMG) will be performed on several muscles 
using needle electrodes. Slight discomfort, similar to a pin prick, may 
be experienced during these tests. 

The benefit to me is that all medical findings wi.11 be sent to me 
and, if I want, to my doctor. I understand that a t  any time during the 
study I have the rio,ht to ask questions of NIOSH and that I am free to 
withdraw my consent and to discontinue participation in the study at any 
time without prejudice to myself. 

All information gathered in this evaluation will not be disclosed 
in a manner which vill identify oe except vith my written permission 
(see request and authorization for release of inforlll.:ltion) or except as 
required by law. The iԇformation will be used by tJIOSH priԈarily for 
purposes of the health hazard evalu·ation and also for occupational health 
research. 

SIGNATIJRE --------------------- DATE ----------
INVESTIGATOR ------------------- DATE ---------

I

I 


I 

.I 
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eurolog !.cal F>rnluation Form: MIOSE -r0 i 'c'<:t  ll! {l  7 7 -4 3  : Shell Oil,P�s�dcnn .Tr��� 

.ar:te: 

ȃe: -Sex: Male Female -
I

Race: I

' I

Job Title at j
Number of years 

Shell : 


employed 
I 

working 

at Shell : I

Number of years 
spent in and around the LubeB-Dewaxing Unit: I
I

Previous occupational exposure to chemicals before working for Shell: (include the 
'
l

type of job, the type of chemical exposure, length of time exposed to che-:nical)·: I
l
lI
l

Past Medical F.istory . .
a. Significant trauma(wounds,fractures,auto accidents,etc a ) :  I

'l
b. History of back injury,operation, or pain: 

l
·c. ·Medications used regularly: I

d. Alcohol intake: Beers per week
t

Glasses of wine per week 
Shots of hard liquor per week 

e. History of diabetes mellitus in self or close family: 
I

f. History of elevated .. blood triglycerides in self or close family: 

g. History of heart attacks or strokes at an early age in close fattily: 



l
l
i
i
l
I
I 

l 

K
!.

l
i 

I
I
l 

,  l 

l 

I 

l
l 

HHE 77-43 

Significant past Medical history {medical conditions requirinԉ reԊular medication , 

regular medical attention, surgery, etc.)  : 

History of any neurol9gical condition: 

-
tO Symptoms suggestive of peripheral neuropathy: (weakness, numbness,  abnort!lal sensation, e t

( •.. 


IIOther siS!llificant Historv: 


:: 

I 


I 
l
l

l

l 
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