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Hydrogen Sulfide Exposure from
Refineries in Cities

Death by asphyxiation from hydrogen sulfide (H,5) has been recognized for over 200
vears (1). Christison described fatalities from working in sewers and with animal excreta
in 1845 (2). Hydrogen sulfide poisons metallo-enzymes, particularly cytochrome oxi-
dase, and paralyzes the human respiratory center (3). It ialso causes hyperpnea by stimu-
lating the carotid body, similarly to cyanide (1), 1n fatal poiscning the cerebral cortices,
basal nuclei, lentiform body, and putamen showed greenish discoloration (4). Compul-
erized lomography has demonstiated abnormal low densily of the basal ganglia and
surrounding white matter in chronic H;$ poisoning (5), and after fatal exposure (6), but
clinical neurological examinations have been normal after “‘recovery’ (3, 7). Thirteen
subjects died, and unconsciousness was reported in 75% of 221 subjects made ill by
H,S exposure in Alberta, Canada from 1969 to 1973 (8). Nearly all of them had head-
aches, altered behavior, confusion, and vertigo. Agitation or somnolence were noted
in 28%. nausea and/or vomiting in 22%, and disequilibrium in 17%. The completcness
of recovery, thal is, whether the survivors had long-lerm impairment, is unknown be-
causc neurological testing was not dene

Persistent neurobehavioral impairment after H»S induced unconscionsness has been
described recently. Six workers rendered unconscious by H;S and mercaptans from
scwage, manure, decaying fish in fishing boats, a tannery, and an oil drilling plaiform
had neurobehavioral testing after two o six years (9). Five men had abnormal balance,
impaired dexterily (slowed placement of pegs in u peghoard) and slow trail making B
performance, poor verbal and visual recall on Wechsler's memory scale, and reduced
scores on block design, digit symbol, similarities, picture completion. and vocabulary
from the Wechsler Adult Intelligence Scale (WAIS) (10). The sixth ex-worker was
demented and bedfast. After three men had been overcome by H, S, they had similai
impuirment and abnormal auditory cvoked potentials (P-300 latency) (11)

Several case rcports had added clues abour the effects of H,S, which are briefly
rcviewed. Thirty-nine months after an offshore oil worker was overcome by H,S (12,
he showed profound impairment of balance, slow simple and choice reaction times,
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impaired verbal and visual recall, prolonged trail making A and B. and reduced Culture
Fair, block design, and digit symbol scores. His profile of mood states (POMS}) score
was greatly elcvated with a low vigor score A 20-menth-old child was exposed for a
year to 0.6 ppm HzS downwind from a burning tip gas ignition point for a collicry.
The H, S levels exceeded the World Health Organization community standards of 0.002
100 01 ppm. Computerized tomography (5) showed subacute necrotizing encephalopa-
thy in the basal ganglia and white matter. He had improved ten weeks altcr exposure
ceased, but his final status was not described. A 45-year-old man showed similar bilat-
eral symmetrical lucent lesions in the lentiform nucleus and basal ganglia on computer-
ized tomography after unconsciousness due to H,S (6). Acute coma due to H,S has
also been followed by periventricular leukomalacia (6).

Hydrogen sulfide and reduced sulfur gases from oil refineries in Canada (13) and
from paper making in Finland (14) produced symptoms and impaired pulmonary func-
ticn in residents downwind, but no neurological or psychological westing was done
Low level environmental exposure 10 H,S has been ignored because mortalily does
notrise (15}, or it is thought to trigger only mass psychogenic ilIness or “‘crowd disease’’
{16, 17). Belore dismissing these guses as only nuisances, it would be prudent o
examine exposcd populations. The adverse CNS findings in 11 patients exposed to H,S
strongly supportcd the idea of permanent impairment from H,S. The complaints of 9
workers triggered an epiderniological investigation of workers from a desulfurization
unit of a California coastal oil 1efinery. Workers had shortness of breath, wheezing,
eve and nose irritation and cough. skin rashes. depression, and headache and showed
small airway obstruction on spirometry. Downwind neighbors of the refinery also had
many symptoms, and 22 of them were studied with 13 former workers, Our hypothesis
was that Lhese symploms were accompanied by impaired performance. Neurobehavioral
impairment from chronic low-dose H,S exposure has not been reported,

This chapler describes and analyzes patients and populations exposcd to H,S. which
add strength Lo the hypothesis that H»S causes chronic brain damage as shown by
neurobehavioral dysfunction. As described in the following pages, there were several
sources for these subjects. First were the H;S-exposed patients seen in consultation
from 1987 to 19935, The second group was from a pilot study in 1996 of 68 subjects
who were exposcd downwind from a Los Angeles area oil refinery explosion and gus
leak in 1992 The third group included workers and downwind neighbors of an oil
refinery near San Luis Obispo. The fourth group consisted of people in two communities
with oil refineries who were studied as “"unexposed’” subjects for other chemical expo-
sure groups but showed impairment most plausibly associated with being neighbors of
oil refineries. The fifth and last group came from a study for balance and reaction time
in Los Angeles oil refinery workers during their evaluation for asbestos exposure

THE 16 PATIENTS

The 16 patients had been referred for evaluation of the cffects of H>S exposure (Table
5.1). They comprised nearly 10 pereent of 160 consecutively examined chemically
exposed patients. Five worked in oil fields, crude oil refining, and products shipping
areas in Louisiana Four were exposed downwind from oil fields in Kentucky and
Texas, two were barge men hauling asphalt, two worked in a chemical plant downwind,
one worked 1n sewage lreatment, one was exposcd to H,S generated in a tank rruck,
and one was a dishwasher in a chemical! process laboratory. Comparison and analysis
was made to an unexposed group studied as the maich for a chemical exposure group



TABLE 5.1

Demographic and exposure data, H;5 exposure

Espoaime
Yr Age Son Ed Lev Oiocinatiom Sy Caomiblafois raranion Senoke Major Symploms
90 27 M 12 il feld laboerer LA Tank Lop il depot 5-10 min Never Cognitive symploms
vl 62 %8 0 Truck deliveries LA Next-door Lo Ha8 release (rom well I hr Ex Syncape
flameont
93 22 M 12 Tank cleaner NV Sodium hyposulfite and acid 2 hs Ex Excess farigue
93 21 M 13 Bargeman Miss R LA Pumping asphalt from «il refinery into 112 hes Cx Heuduche
harge
93 37 M 12 Bargeman Miys. B La Pumping asphalt fiei oil refinery e 5-0 hres Never Pain in chest and back
barge
94 62 M 18 Tnsurance business KY Downwind of crude o1l pumping, with 2 yrs Ex Chest tightness
andd without lare burning
Q4 57 F o Farmer, homemaker KY Downwind of crude oil pumping. with 2 yry Never Memaory loss, asthma
and withour tlare burming
ul 42 M 16 Mimisier X Downwind of refinary 12 yrs Never Memory loss
94 52 M 12 Waler treatmenl worker NV Generated 1o sewage and “‘zray 11 ym Ex 29 Exireme latigue
waler " frealment yrs
94 35 F 12 Chemcal plant process LA Escape of H.S and methyl 1 day Never LUnconsciousness
conleol 11 yrs mercapoproprivnile inlo coutrol
OO
04 39 15 14 Chemical plant pracess LA Loading arex of plant as above | day Never Qdor—headache
control 10 yrs
95 27 M 14 Contractor refinery X Dug out pipeline leak 10 min Never Unconsciousness,
recall memory j0ss
95 39 M 0 Contractor refinery TX Dug oul pipcline leak 10 min Ex Unconsciousness
swelling legs and
body
95 al M 0 Conrractor relinery TX Dug out pipeline leak 10 min Lx Unconscipusness.
dizziness, latigue
95 68 il 12 Contraclor refinery ™ Dug out pipeline leak 10 mun Fx LInconsclousness.
productive cough
95 6l r 9 Process laboratory MO Laborulory exposure 13 vrs Never Tizziness
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The exposure, which rendered the first patient semiconscious, was monitored by his
H,S meter, which read to full scale at 10,000 parts per million {(ppm). All the others
smelled *‘rotten eggs”” (H,S); so their exposures are estimated to have been between
1 and 10 parts per million (ppm), that is, beneath the threshold for olfactory fatigue.
Howeves, exposure of the two barge men who were pumping asphalt from an oil refinery
was probably 23 to 50 ppm, as they had headache and chest and back pain, and could
aot smell H,S after an hour or more of exposure. One patient was delivering chicken
feed for one to two hours downwind from HaS released after the flame on an oil well
vent pipe flared out Exposure of another man, a tank cleaner, was to HpS generated
from sodium hyposulfile and acid within a tanker truck, A married couple, who lived
downwind from wells pumping crude oil in Kentucky, associated the H2S odor with
an unlit vent flare and with memory loss and difficulty in concentrating. With the flame
they noted a sharp pungent odor, and they had chest pain and tightness with asthma
Hydrogen sulfide escaped during the no-flame periods, and sulfur dioxide was released
when the flare was lit. The sixth was a minister exposed to H;S in Odessa, Texas, in
his church and rectory immediately downwind from two H,S-emitting oil refineries
When the wind shifted during church services, he had noted that numerous members
of his congregation became nauseated and rushed outside to vomit. Chronic exposure
to sewer gas in an aeration field for 20 years affected the sewerage treatment worker

Exposed subjects ranged in age from 21 to 68 years with a mean of 44 7 years and
had educational levels ranging from 0 to 18 years with a mean of 10.0 years, which
was significantly below the unexposed subjects’ mean because of three men without
formal education {Table 5.1), Durations of H,S exposuores ranged from a few minutes
in patients 1 and 13 through 16, who were most impaired, to 12 years in the minister.
At the time of exposure 8 patients had never smoked and 8 were ex-smokers. Clinical
physical and neurological examinations were esscntially as expected for this age range
of patients except for poor recall and diminished vibration sense. Data were analyzed
by prevalence of abnormality and by comparison of means to the Arizona unexposed
subjects, The prevalences of abnormality, as defined by test scores 1.5 standard devia-
tions (+) from those of unexposed subjects (Chapter 3), were described for the 16
patients. Tn a second analysis, mean values of the 16 exposed patients were compared
to unexposed subjects’ means. Memory loss, excessive fatigue, and dizziness were the
most common and most frequent symptoms, Tollowed by difficulty in concentrating
and chest pain and tighiness (Table 5 2). Other symptoms included headache and mem-
ory loss, disorientation, nausea, decreased libido, and loss of strength. The woman with
cough and asthma had also been exposed to sulfur dioxide intermittently when the flare
above the upwind collection tank was burning

Neurobehavioral testing showed that balance was impaired in 75% of subjects with
eyes closed, as mean sway speed of the group was 2.95 co/s compared to 1.18 cnv's
in unexposed (p < .0001), and it was impaired in 56% of patients with eyes open.
with mean 1.28 cm/s vs. 0.82 cmy/s in unexposed (p << 0001) (see Tables 5.3 and 5.4),

Choice teaction time was also prolonged in 63% of patients and the mean of the group
was prolonged (p < .0001), whereas 44% had prolonged simple reaction time and the
mean differences was significant (p << .001). Blink reflex latency (R-1) was lengthened
in 75% of patients, but there were three with faster than average respenses; so the mean
was not different from the unexposed, Color discrimination was abnormal in 70% and
visaal fields were abnormal in 50% of those examined. Vibration sense was reduced
in 82% of subjects tested.

Fingertip writing errors were the most common abnormality of psychological tests,
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TABLE 52 Major complaints with {reqnencies greater
than weckly, in H;S-exposed patients
Symplom Prevalence

—

e R R D R B R R L LA LA Wh G0 S0 WD \D

Memory loss
Excessive futigue
Dizziness

Headache

Decreased libido
Diflfieulty concentraling
Chesr pain/tighlness
Disorientarion

Loss of strength
Nausea

Shortness of breath
Somnolence

Asthma

Congh

Sleep disturbedidreams
Depression. severe
Blurred vision
Diarrhea

Syncope

Palpitations

Loss of appetite
Tinnitus

Body swelling and pain

and these errors were elevated in 75% with a significant difference in means (p < .003).
Sixty-three percent had prolonged trail making B with a significant difference from
unexposed; so the perceptual motor domain was impaired (p < 0001). Cultwre Fair
and block design scores were each reduced in 69%, and means were significandy
different from those of unexposed. Vocabulary score was diminished in 58%, and the
means were significantly different. Immediate verbal recall was impaired in 63% and
visual reproduction was impaired in 44%; neither difference was significant. Tests of
long-term memory showed minimal 1mpairment,

POMS score was elevated in 63% of paticnts, and the mean was signilicantly elevated
{Table 5.3). Frequencies of 35 symptoms were elevated significantly above unexposed
subjects’ levcls, as highlighted by the prevalence list of Table 5.2, Extensive question-
naires for medical and neurological diseases and for home and occupatienal chemical
exposures did noi show any pattern or combinations of confounding medical, neurologi-
cal, or psychiatric diagnoses or exposure to other neurotoxing. All of these symptoms
were rare, except that depression after HoS exposures was frequent and needed treat-
ment, These patients’ symptoms are different from patterns identified for post-tran-
matic-stress syndrome, minimal head injury, or chronic fatigue syndrome

A DISASTROUS INCIDENT IN
TORRANCE, CALIFORNIA

On Qctober 10, 1992, at 9:45 p.M. residents of the Los Angeles harbor area and north
were shaken by two explosions at the TRMI refinery hydrocracker, which registered

TABLE 5.3  Ne¢
lo

Age yrs
Ed Level yrs
Balance cm/sec
Eyes Open
Closed
Simple Reaction T
Cheice Reaction T
Blink Reflex Laler
Supraorbital Tay
Rig
Lef
Color Vision
Visual Fields
Vibration
{lulture Fair sc
Block Design se
Diagir Symbaol se
Pegboard s
Trails A sc
Trails B sc
Fingerlip Writing ¢
Eceall
Yerbal, Lnumedis
Yisual, Immedia
Vocabulary
Information
Picrure Completior
Similarities
POMS Score
Symplom Freq, sc
Depression
ms = milliseconds

5 = seconds
SC = BUOTE
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TABLE 53  Neurobehavioral performance of H,S-exposed patients compared
to unexposed Mmeans

Unexposed Exposed Abnormal %
r —_—
Mear 5d Mg sl Value Tinual Abnormal
Age yrs 424 154 447 16.7 N§
Ed Level yrs 132 2.1 0.0 54 00
Balance cm/sec
Eyes Open 0.2 0.21 128 047 0001 9/16 36
Closed 1.18 04l 20§ 154 0001 12/16 75
Simple Reaciion Time ms 245 64 422 192 A0l G A
Choice Reaction Time ms 528 B5 69 182 Q001 1¢16 63
Blink Reflex Latency
Supraocrbilsl Tap ms
Right 145 1.9 14,7 20 NS 9/12 38
Left 15.1 L8 14.7 23 NS 75
Color Vision 70
Visual Fields W14 50
Vibration 911 82
Cullure Fair s¢ 297 gl 2213 B8 00l 11416 69
Bluck Desipn s¢ n3 97 209 116 0001 11/16 69
Digil Symbol sc 587 nz 385 17.6 001 916 56
Pegboard s 710 18.1 89 8 327 NS§ 6/16 38
Trails A sc 310 LY} 586 471 NS§ 516 i1
Traiis B sc 710 257 1473 103 8 0001 10716 63
Fingertip Writing errors ER 19 10.8 BT 003 12/16 75
Recall
Yerbal, Tmmediate 233 42 156 10.0 NS 1016 63
Visual, Immediate 354 KK 24.6 85 NS 16 44
Vocabulary 24.2 92 12.3 57 001 412 58
Information 17.9 56 14.6 70 NS 5416 30
Picture Completion 144 3.0 133 43 NS 5N6 31
Similanities 198 4.6 165 6.1 NS 4/16 25
POMS Score 191 328 B32 365 0001 10/16 63
Symptom Freq sc 0.7 0.4 48 235 001 116 63
Depression 239 915 60
ms = millisecomds N3 = nyrmal
5 = seconds (T = immedialed30 min delay)
S = ACOre

3.0 on the Richter scale (see Figure 5.1} Broken windows and blown-down walls
caused hundreds of injuries, which were only a portent of the damage (o lungs, skin
(including hair loss), and brains that followed 6 to 8 days of sour gas leaks-—hydrogen
sulfide and related sullur-containing gases—from this petrolcum refinery. In high con-
cenirations these gases kill, but at lower levels they damage exposed persons’ brains
to disturb and disorder balance. vision, memory recall, and ability to concentrate. Am-
monia, chlorine, gasoline, phenols, and other refinery gases were also released. Expo-
sure caused profound depression in many people, as well as asthma and progressively
severe airway obstructive disease, Many persons were hospitelized for traumatic inju-
ries, including those to the head, and for respiratory distress and insufficiency. OSHA
cited Texaco for 28 serious violatiors and levied c¢ivil penalties of $147,500 {ciation
of May 21, 1993). Fries Avenue Elementary School and Wilmington Junior High School
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TABLE 5.4

Neurvhehavioral performance ol H;5-cxposed palients

| 2 L 4 3 A ! R L] 12 il 13 113 14 L5 14
Agcrkad Lavel yrs o b ERA LW a1 2714 62} gy b 87712 3702 wd 23 [ P4 ] 38 22 42016 B34
Balance cmisde
Eyes Open 1573 040 118! 25l 173 1 55 084 ] 9 = | o 076 | 26 16 076 191+ 1 62
Lvis Climcd 6.3y L4 3360 304% Ay 4.00* 112 L 80 Eellr= 570 2394 [eli] 235 .37 273 138
Sumple Reacton Time ms S 575 30F 249+ V15 S5+ BRI 293% 423 Quip+ 42| * AN 133 87 227 A
C honee Reactian Time me a6 ol (L 6757 ol 00 ¢ 447 TR 768" s 599 LIRE 715= S0l 416 RIsT
IMink Refles Latency me
Right 151 141 135 NI 126 15 125 15 164 14,6 15 3¢ 115 13 15.4% 14 137
Lel IRT 130 133 14 8% 118 0 125 174 la* 144 17 135 1*6 13 14
Clalor Yision s¢ — Ah Ab Ah N Ab N Al* Ah! AbY Ab Ah = Ab
Wisual Fieldsy Al Ab Al Ab —_ N N Ab Abh Ab(c} Ab b N Ab
Viblaton Ab Ah Ab Ah - N N —_ Ab Ah — Ab Ab — Ak
Cullure Fair s¢ J= 12* 1 ik 4 14 My % 29 e 14 ERh Pl L) H ILE
Bluck Desgn s B g 11 ) 13~ fil 45 I8 In 2 1y 22+ 2] 41 2™
Dugit Symbal 42 g 1 14% s7 15% 49t 74 35 Lk 42 1= Aqs 40 32 KOR
Pegbomd sc 03 101+ [ 8 07 1128 76 56 o7 i 70 a3 G4 b 61 Liat
Trails A we 431 1324 ul |29% 31 o8 32 I8 Lk} 1B 23 18 a7 7 21 54
Trals B s Gdr — pALS 221+ 56 335* 74 49 (e L&) 55 e &7+ uqr 7 144
Iingerep Wiitug emuors iat lat L= 7 2 19 [Ivid 5 1] 16" L1#* (P 4] n 12+ la*
Recall mmmed del
Werhal D 0F OHF 74 1! 1581 33 230t 33 1541 144147 U 1812~ 15:13" 33713 O
Wisual 14 Lo 244 14* 16 1900 34 3532 it 306 3433 3 2826 ey Ay 26 1§
Vocabuolary s - 5 T* il 10 — 15 - Lt 13% L= o 1= 2 — 17
Information s¢ 2 3 15 i 5= at 15 15 15 128 17 2+ 12 2} 26 16
Premre Coropletion sc 17 3 12 G 15 Lo 47 13 4 L5 14 [ 1= 1> 20 JUL
Simulanties s |42 L] 14 (30 13 i Ui} Iy 9 e} o) & 13 &) 35 117
FOMS CAN 137 h Q6% N2 57 f2* L 155% =7 59 57 = L8] 31 138
Depressian 1 36+ M 32F 24t s 12 17 54+ 17 ok 15+ 34t b 2} 40+
Symplum Freq scone 4.7+ 991 04" 54 75 il 2] 4% T4 374 32 1.8 ERCA Le 7=
Ah = abnucmal mE e
N = nonmal = eore
= ool e = poal 05
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N wele primary and secondary evacuation sites, lollowed by Harbor College. The civil
= penalties were later raised to $23 1,000 (State $83,500; OSHA $147.500)
= Subjects were divided on the Dasis of 4n examining physician’s climeal judgment
« nto fowr yroups of ascending seventy. Of the 68 pilor subjeets, 25% were 1n Group
£ - [.21% 1n Group 2, 32% in Group X and 21% in Group 4. They included 24 African
3 8 Aamericans and 20 Lodno adules. Thirteen of the 20 children were Latine, Ethnically
- = s discrele comparisons were made Lo 20 African-American reference subjects from Okla-
. homa City and to 36 Latine uncxposed subjects from Houston
&l = The ages of exposed Aflrican-Amecicans and unexposed were not dilferent {Table
E

5 3, Figure 5.2). The figures were scaled by dividing the expected maximum f{or cach
lest by 1,000 to create a scale factor, Because for some tests, tor example, Culture Fair
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TABLE 5.58  Comparison of unexposed African-American adults, 24 exposed al Torrance and 21
al Oklahoma City by analysis of variance; p values <0.05 underlined

Exposcd Unexposed
r

Variable fdean Sd Miin 5d vilue
Age yry 469 17.0 424 74 273
Cdueanon Level yrs o 252 133 23 a1
Profile of Momd Slales 629 44 4 —04 156 0001
Simple Reaction Tune my 491.0 2740 2785 532 Loz
Choice Reacrion Time ms 653.0 15490 5034 7B 3 0001
Sway—Balance cim/sec

Eyes Open 106 073 075 020 074

Eves Closed 179 129 123 036 037
Color Visien Lanthony Hue 134 15 121 il 202
Blink Reflex R-1 ms Right 117 £3 133 L6 Q05+

Left 111 14 134 17 onost

Culrure Fair A 201 Tl 223 6.6 300
Vocabulary 25 51 14.1 74 0uo)
Digit Symbol 427 169
Pegboard dominant sec 794 119 727 108 056
Trail Making A 530 325 36.0 103 027
Trail Making B 1206 469 954 417 066
Finger Wriling 118 33
FVC % ol predicted T0.5 128 90.7 140 0001
FEV| % ol predicted T04 137 900 12.8 0001
Fas 9% of predicted 800 352 97.6 215 057
F+5 % of predicred B0 3850 951 0N 158

* Exposad are normal; anexposed #re abnormal

and vocabulary, higher scores were better, the exposed score was subtracted from the
unexposed. In other tests, such as balance and reaction time, lower scores were better;
thus unexposed were subiracted from exposed. Tn both cases the result was multiplied
by the scale factor. Statistically significant differences (p < 0.05) were shown by
hatched bars and insignificant results by clear bars. Educational level was two vears
lower n exposed subjects than in unexposed (significantly different), but this difference
had no effect on physiological tests, nor would il decrease the substantial difference
for vocabulary to change the interpretation, Reaclion times, both simple and chaice,
and color discrimination were different in exposed vs. unexposed. Balance sway speed
was nearly statistically significantly faster (more) abnormal and highly variable in
exposed subjects. Perceptual motor speed tests, peghoard, trail making A and B and
fingertip number writing, were worse and approached statistical significance in exposed
subjecis. Unexposed subjects had not been tested with recall or memory tests, or for
visual fields. Compared to other unexposed groups, many of the visual fields were
highly abnormal in exposed subjects, usually for both eyes, and nearty 50% showed
arcuate scotomata or concentric field losses. Vital capacity and forced expiratory vol-
ume in 1 second, FEV,, were 20% below lhe predicted and thus greatly different in
exposed subjects, and midflow differences approached significance at p < 0.057. Blink
reflex latency R-1 was abmormal in Oklahoma Cily subjects, presumably because of
TCE, and was normal in the Torrance subjects, who were unexposed to chlorinated
solvents

The exposed Latino adults were well matched to Houston unexposed for age and

TABLE 55h T

Information
Picture Completior
Similarities
Swories  Immediat
Delayed

Visual Design Rec
Visual Field Rigt

Leflt
Smell

* Na companison data

Aga pesr
Elurcadlon Lenwl yapm
Profllo of Mood Sate

FIGURE 52. Co
{Oklahoma City) sul
and unexposed (U) g
X 100
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[orrance and 21
: |
= P

valoe

3 TABLE 5.5b  Tests of exposed Torrance subjects

I 23
H .001 Exposed Uncxposed*
’ 0001
' 002 ] fad Mean Sd
: 0001 _

S Information 114 35
0 074 Picture Completion 10,6 32
[ 057 Similarilies 122 77
i 002 Stories  Tmmediate 171 i1
. :005* Delaved 13.5 3l
¥ 0005* ¥isual Design Recall 216 77
y 300 Yisval Field Right 23 148
A 0001 Lefl 336 132

—— Smell 33 09

D56 * No comparison data
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TABLE 5.6 Comparison of Latino adults, 20 exposed at Torrance and 103 unexposed In
Housion, by analysis of variance; p values <0.05 underlined

Exposed Unexpaoscd
B
Mean Sd Whiar Sd Value
Age years 374 12,5 337 109 176
Educarion Level years 101 2.7 110 28 149
Simple Reaction Time min 403 149 323 106 Q003
Chotee Reaction Time min 369 131 537 112 255
Sway—DBalance Eyes Open 0.86 0.24 0377 0.17 59
Closed 1.40 056 115 035 01
Biink Rellex R-1 ms  Right 115 21 14 9= 23 0001
Len 111 09 14.7= 23 0001
Grip Strenpth  Rught 354 109 408 131 1
Left 310 12.1 R4 121 0005
Wisual Fields  Right 447 96
Lell 424 o9
Colar score 136 1.3 10,7 13 0001
Contrast Sensitivity
Smell 34 né
Cogninive Funclion Domein
Culwre Fair A 2069 83 25.1 18 029
Dgit Symbol 46 1 17.0 51.5 14.6 U3
Yocabulary 122 4.8 16.9 70 005
Perceptual Motor Speed
Pegboard 72.8 110 73.6 327 908
Trail Making A 407 12.7 425 210 713
Traill Making B 104 6 40.8 96,3 432 430
fecul! Domain
Story Inimediate a7 4.1 188 Tad anol
Story Delayed 68 48 156 74 L0001
Visual Design Recall 242 75 272 g1 122
Finger Writing Errors 78 g 5.06 66 084
Long-Term Memory Domain
Picture Complcron 112 4.3 12.5 40 183
Similanties 13.9 6.5 16.5 64 103
Information 92 4.6 126 60 02
Prafile of Mood States 33 41 207 401 02
Prfmonary Function Tests
FVC % of pred D07 140 12 12.1 0008
FEV, % of pred 300 123 969 12.4 025
FEF3s_45 % of pred 976 215 980 257 936
FEI"",". A3 5 Dfpred U1 300 875 43 4 455

* Abnormal “control'” values

education (Table 5.6, Figures 5.3a, b). The exposed had slower simple reaction times,
und choice reaction imes, balance sway speed was significantly faster in the exposed
with eyes closed and almost significant with eyes open. Blink refiex latency R-1 was
fasier (normal) in exposed vs. abnormal in Houston subjects, which is a seeming para-
dox. Grip strength and color vision were abnormal in the exposed. Cognitive functions,
Culture Fair, digit symbol, and vocabulary were much lower in the exposed. Similarly.
verbal recall, immediate and delayed, was much lower in exposed, but the long-term
memory tests were not different, a finding consistent with the equivalent ability in the
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FIGURE 5.3a. Comparison of Latino adults, 20 exposed o H,S (Torrance) and 103 unexposed
(Houston) by ANOVA. Hutched bars are stanstically sipnificant

groups before exposure. Perceptual motor speed tests were not different, but those
values of the unexposed subjects were higher (more abnormal} than expected. In Latinos
the vital capacity and FEV | were abnormal, although not low as in the African Ameri-
cans, corrected for ethnic difference,

The 20 exposed children were mainly Latino and matched well for age and educa-
tional level te Houston children (Table 5.7, Figures 5.4a, b). Exposed children showed
abnormal balance with eyes open but not eyes closed and more abnormal color vision,
Reaction times were not increased in the exposed, and blink reflex latency R-1 was
normal. Digit symbol score was lower in the exposed, perceptual motor specd was
equivocal because of exceptionally high and probably abnormat trail making B scores
in the unexposed, and recall was not different. Exposed children’s vital capacilies were
lower, as were values for terminal flow (FEF;5_gs),

Symptom frequency scores in adults compared to cur standard unexposed group
were elevated except for decreased alcohol tolerance (Table 5.8, Figures 3,5a, b), These
frequencies of complaints elevations were consistent with the results of neurobehavioral
tests
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FIGURE 5.3b, Comparson of Latino adults, 20 exposed o HyS {Torrance) and 103 unexposed
{Houston) by ANOVA Hatched bars are statistically sipnificant

No correlations were found between the clinical categories of ascending injury
graded from 1 least to 4 greatest and any of these test results. The caveat is that when
they were divided by ethnicity and the children were considered separately, the groups
were small. As we also looked at the distributions of ethnicity and age within the groups
and found no notable imbalances, we based this conclusion on the entire sample of 68
subjects

THE UNOCAL REFINERY EXPOSURE

Unocal refinery workers and downwind neighbors had symptoms of asthma, depression,
and dermatitis. We tested 13 former workers from the refinery and 22 downwind neigh-
bors in Nipoma, California, before and after they filed suit against the refinery. When
the 13 ex-workers were sidied, the small airways obstruction, dermatitis, and depres-
sion had cleared

Ten male ex-workers, mean age 38 years, who had worked in the desulfurization
nnit of the refinery for 1.5 to 3 years, and eight male and nine female neighbors of the

TABLE 57 20

Age yrs
Education Level y
Physiological Don
Simple Reaction 1
Choice Reaction ]
Sway-Balance cm,
Eyes Cpen
Eyes Closed
Blink Reflex R-1
Right
Left
Color Vision (Lan
Visual Fields Autc
Right
Leh
Smell
Cognitive Domein
Culiure Fair A scc
Digit Symbaol
Vocabulary
Profile of Mood §
Verbal Recall (Sio
Slory 1 Immediate
Story 2 Delayed
Visual Recall
Remote Memory
Informaltion
Piclure Completio
Similarittes
Perceprual Motor
Peghoard
Trail Making A
Trml Making B
Fingertip Number
Frofife af Mood St
Pulmonary Funciie
FvC
FEV,
FEF35_75
FEF75_y5

* Eaposcd had belter
ms = millisecund
el = centimeter

sec = second
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TABLE 5.7 20 expased children va. 44 Houston Lutino children, means and standard deviatlons

Uncxposed Exposed
p
Meun Sd Sl L Value
Age yrs 109 i 12.5 in 057
Education Level yrs 19 29 6.2 28 118
Plysiotogical Domain
Simple Reaction Time ms 3%0 175 459 170 137
Choice Reaction Time ms 6i3 192 650 173 437
Swuy-Balance cm/sec
Eyes Open 112 0.42 087 0.30 023
Eyes Closed 138 05l 1 44 0.63 KX}
Blink Reflex R-1 ms
Right 146 1.7 110% 1.5 001+
Left 14 8 20 10 5+ 11 RUE)
Caolor Vision (Lanthony Hue) 12,1 113 217
Visual Fields Antomaled Perimery
Right 451
Left 450
Smell 34
Cagnirive Doman
Culture Fuir A score 229 80 234 71 H23
Digit Symbol 47 1 171 358 134 07
Vovsbulary 86 38 117 45 224
Prsfile of Mood States 359 344 439 344 188
Verbnl Recall {Stories)
Story 1 Tmmediare 7.7 44 86 4.1 462
Story 2 Delayed 6.2 4.9 59 412 819
Visunl Recall 269 %]
Remore Memory
Information 59 47 63 37 71l
Picure Completion 93 51 114 4.1 114
Similariues 10.5 71 112 63 724
Perceptual Moror Speed
Pegbourl 89.2 314 771 109 10
Trail Making A 64 3 159 429 198 D15=
Trait Making B 1246 46.6 959 477 029%
Fingertip Number Wiming 13.5 9.2 10.5 83 223
Profile of Mood States S¢ 350 70 53.0 414
Pulmonary Function Tesis
FYC 874 214 748 142 02
FEV| 728 154 714 174 743
FEFz5-74 60.3 235 713 250 116
FEFs-43 528 Ex i) 699 77 053

* Expuned had bemer scorey,
ms = millisecond

cm = cenlimeter

see = second
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FIGURE 54a.  Comparisen of Latine children, 20 exposed to H,S (Torrance) and 44 unexpased
(Houston) by ANOV A Hatched bars are staristically significant

refinery, mean age 38.5 years, were studied in January 1989 and restudied in JTune
1991, In June we studied three additional ex-workers from oil refinery desulfurization
and five additional neighbors (total 35 ex-workers and neighbors), and 32 unexposed
(17 men and [5 women). The ex-workers had been pipe fitters, painters, laborers,
and process handlers in the vanadium pentoxide (V,Qs) desulfurizalion unit after its
installation in 1986. None had ever been overcome by H. 8, Twelve workers studied
had left the refinery by October 1988; one left in JTuly 1989. One worker was lost to
follow-up in 1991. These ex-workers and neighbors were plaintiffs in a class action
lawsuit. Reference subjects were chosen from friends and relatives of the exposed
subjects who had not worked at the refincry or resided in the downwind zone and were
close maiches for age, sex. and edvcational level,

Exposure Conditions and Air Monitoring Data

Residents lived within 1,200 melers east—northeast and at a lower elevation than the
refinery and were within 2,400 meters of the sulfur plant and coking units (Figure 5.6),
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FIGURE 84b.  Comparison of Latino children. 20 exposed 10 H,$ (Tomance) and 44 unexposed
{Houston) hy ANOVA. Hatched bars are statistically significant,

Almost daily coastal air inversions held the refinery’s odorous stack gases close 1o the
ground, These 1educed sulfur gases are heavier than air. Air monitoring at street level
on Calle Bendila near the center of the subjects’ homes for one week in July 1990
showed H;S at 10 parts per billion {ppb) with periodic peaks of 100 ppb, as well as
dimethylsulfide 4 ppb, mercaptans 2 ppb, ethane 500 ppb, and propane 500 ppb. Also
vanadinm. as V,QOs, and thiodiglveolic acid were detected by air and soil monitoring
Reduced sulfur gases outside the desulfurization unit between April 1987 and January
1991 showed 24-hour averages for mercaplans from 0.1 (o 21.1 parts per million (ppm),
hydrogen sulfide from 0.0 to 8.8 ppm, carbon oxide sulfide (COS) from 2.6 10 52.1
ppm, and total reduced sulfur from 6.1 to 70,7 ppm. Workers' exposures within this
uail were not measured. The refinery’s 24-hour cmissions averaged 0 to 8.8 ppm for
H,S and 1.13 to 70.7 ppm for total reduced sulfur gases from 1987 to 1991. The
regional air pollution monitoring station, located casl of the refinery and south of the
subjects’ homes (Figure 5.6), often had the nation's highest ambient air 50; levels.
The mean test scores were pooled for the 35 ex-workers and neighbors and for
men and women, as their ages, educational levels, and test scores showed only small
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TABLE 5.8  Comparison ol symptom frequencies in
Torrance exposed subjects and the Wickenburg
unexposed group (scale 1-11)

Exposed Unexposed
Skin ttching 45 Be?
Deformed fingemnails 23 L&
Chest tightness 33 22
Palpnations 28 22
Pain or buming chest 34 21
Shortness af breath 40 25
Dry cough 45 20
{Cough with mucus 43 28
Cough with blood in mucus 19 12
Dry mouth 47 3z
Thical irritation 4.2 26
Eye lmimtion 6.0 28
Decreased sense of smell R 21
Headache 6.1 4 4
Nansea 39 24
Dizziness 41 24
Lightheadcdness 41 25
Unusual exhilaratron 25 15
Loss ol balance 33 20
Loss of consciousness 1.9 12
Extreme farigue 51 34
Somnolence 3.8 26
[nsommia 44 29
Wike frequently 44 29
Sleep only a few hours 4.2 209
Irritability 54 34
Lack ol concenteation 57 32
Reccut memory loss 51 3l
Long-term memory loss 41 22
Mood swings 43 23
Loss of libido 36 3l
Decreased aleohol (olerance 20 24
Indigestion 36 32
Loss of appeure 35 26
Stomach swollen i3 29

differences which were not statistically significant (Table 5.9 and 5.10, Figures 5.7a—c).
Values of the entire exposed group were compared to unexposed in the first probability
column, p, and scores of the 22 neighbors alone were comparcd in the p* column,

Neurophysiological Domain

The simpie reaction time of the exposed group was significantly longer than that of
the unexposed, and the choice reaction time of the exposed subjects was also slower,
by 71 ms (p < 0.003). Sway speed with eyes open was signilicantly faster in exposed
subjects than unexposed. and with eyes closed (he difference was also significant
(p < 0.04). Color discrimination {Lanthony 15 hue test; 18) was significantly reduced
in exposed compared to unexposed, In exposed subjects blink reflex latency (R-1) was
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FIGURE 35.5a. Compartsons of symplom [requencies for HzS-expesed adults (Torrance) and controls
(Wickenburg), frequency scale 1-11 Harched bars are statistically significant

nearly identical on the right and the left, and neither result was significantly different
from that for the unexposed. Thus exposed subjects, workers, and neighbors were
significantly impaired compared to unexposed for three of four neurophysiological
functions

Neuropsychological Domain

Peg placement with the dominant hand was not significantly longer in exposed subjects
than in unexposed, bul rail making A and B times were significantly different between
the exposed and unexposed groups when 22 exposed residents, excluding the ex-work-
ers, were compared to unexposed. Differences between the groups for recall were
equivocal, Thus the exposed group’s verbal recall for story 1, immediate and delayed,
was not significantly different from that of the unexposed, while the exposed grovp’s
immediate recall of story 2 was significantly less (Table 5.10, Figure 5.7b). Recall of
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drawings und recall of sumbers were not different for exposed compired 1o unexpoed,
fut exposed yesicmts scored significantly lower oo immediate und deluyed recall of
drawings. The exposed group's scores for overleamed meemary were a0l different from
those of the unexposed group. Scores for Coltore Fair, Mock desizn, and embedied
fgures were not significantly different in exposed and unexposed proups. Erroes in
recegnition of numbers written on the fingertips were not different for the goags, Thus,
althnagh dhiit symbol scores were significantly lower, this domsin appeared unatfectsd
by exposure,

Affective Domain

The POMS store for the exposed group mean wis seven times thut of the unexposad
(Table 5.11, Figure 5.8), whose scores equaled published normal valuss (199, Anger,
contusion, depression, lension-anxicty, and fusigue scores were significantly elevated
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Age yis
Edue Level yrs
Reacrion Time
Siimple ms
Choice ms
Sweny Speed cmiy
Eves Open
Eyes Closed
Crlor Vision {La
erTory
Blink
Gilabellar Tap R-]
Right ms
Left ms

e
FTn 22 reaadents oo
ms = millisecond. «

NS = mu signuficar
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TABLE 5%  Neurophysiological functlons in exposed and unexposed subjects
(means and standard devistions with p velues by t-lest)

35 Exp 32 Ref
mean 5.dev. mean s.dev. fi r*
Age yis 397 = 120 IR9 £ 125 NS N§
| Educ Level yrs 113 + 22 122 + 24 N$ NS
Reaction Time
to unexposed, Simple ms 336 + 145 268 + 50 00l 0.0l
ayed recall of | Choice ms 593 + 106 522 + 89 0.004 0.004
different from Swary Speed emfs
ind embedded Eyes Open 0.92 + 028 079 + 019 0.037 0.000
ups. Errors in | Eyes Closed som Hue Tost) 147 + 0.8l 1.15 + 031 0.04 0,000
: wlor Vision (Lanthony Hue Test
- groups, Thus, ezrors 12.1 + 54 (14 + 43 0.005 0,000
red unaffected Blink
| Glabellar Tap R-1
Right ms 139 + 17 128 + L8 NS NS
Left ms 141 19 135 + 20 NS NS
1 *In 22 residents compured 1o unexposed

the unexposed ms = mullisecond, emds cenlimerers per second

s (19). Anger. NS = not significant
antly elevated |
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TABLE 510  Comparison of immediate and 30-minuie delayed recall, overlearned memory,
and cognitive and psychomotor functions for exposed and vnexposed subjects
(means and standard deviations with p values by L-test)

35 Exposed 32 Unexposed
mean 5 dev mean 5 dev » Jiad
Percepinal Motor
Trai) Making A 354 = 154 288 £ 8N 033 oz
Traii Making B 878 = 298 704 = 358 04 01
Peghoard Dom. Hand 748 £ 213 697 £ 103 NS NS (0%
Recall
Swory 1 Immediate 96 =37 i0B =38 NS NS
Delayed 789 £ 56 81 x40 NS N5
Siory 2 Tmmedrue 94 + 319 118 =43 023 D2R5
Delayed 86 £4d7 99 &= 42 NS NS
Visual  Immediace 296 + 67 314 *+ 46 NS 0o
Delayed 232 = £9 26570 NS 21
Dipit  Forward 64 + 17 65 £ 14 N§ NS
Backward 43 + 1.3 47 + 1.3 NS NS
Overleamed Memory
Intormation 168 + 57 129 = 62 NS NS
Similurities 19,6 = 50 201 + 59§ NS NS
Picture Complet 154 = 23 147 +32 NS NS§
Cognitive
Culture Far 286 £ 05 mniy+xad NS NS (0%}
Block Design 308 + 9.2 305 + 115 NS NS
Digit Symbel 50.6 + 133 574 + 137 04 03
Digit Symbol Recall 54+ 24 57 %23 NS NS
Embedded Figures 317 = 41 322 x 46 NS NS
Finperiip Number Wrling
Errors Right 28 k29 ing+34 NS NS
Errors Left 22+ 28 24 + 32 NS NS

® 22 residenty compured 1o uncxposed

In cxposed residents and in former workers, who were nearly identical. POMS score
had significant cocfficients in linear regression models for many symptom frequencies
However, POMS scores as independent variables, whelher separately or together with
age, sex. and educational level, had ro significant coefficients with the abnormal test
scores, including CRT, sway speed, color recognition, and trail making A and B.

Symptoms

Frequencies of 31 of 33 symptoms were significantly higher for exposed subjects than
unexposed (Table 5,12, Figures 5.9a, b) when compared by (-test. Only a rare complaint,
loss of consctousness, and loss of appetite were not significantly different, Respiratory
and mucous membrane irritation were 10 to 30 times as frequent in cxposed compared to
unexposcd, as were neurological symptoms, sleep disturbances. and general symprems
including headache, Skin complainis were three to six times higher in expused subjects
compared to unexposed,

Confounding Factors

The most frequent possible confounding factor was surgical anesthesia. which had been
experienced by 50% of exposed subjects. Some of Lheir test results were different fiom
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FIGURE 5.7a. Comparisons of 35 H.S-exposed (Nipoma) and 32 unexposed {San Luis Obispo}
Halched bars are statistically significant

those of subjects who had not received anesthesia, However, minutes of anesthesia as
an independent variable had no significant coefficients in linear regression medels for
any neurophysiological test score. All of the ex-workers had been exposed to solvents;
one was a painter. Half of them had used vibrating tools. Nine of the exposed residents
had confounding factors, three used solvents at home, two used vibrating tools. one
had received anesthesia numerous times, one had seizures and was on medication, and
two had pesticide and herbicide exposures from their nursery, Excluding these nine
subjects from analysis for each test category, in turn, did not change the outcomes
significantly; so all subjects were retained. Alcohol use was not a confounding factor,
as no subject had an elevated alvcaolar (air) alcohol on the day of testing, and only one
neighbor and three ex-workers reported that they had ever been inebriated from alcohol.

Bias

As testers did not know the exposure status of the subjects, bias from this source is
unlikely. Scores from testing the exposed group before and after they became clients
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FIGURE 5.7b.  {unparisons of 35 H,S-exposed (Nipoma) and 32 unexposed (San Luis Obispo)
Halched bars are sintfatically significant.

did not vary, showing that becoming clients was not a bias, Groupwide bias in selection
of a comparison subject 1s possible but ualikely, as subjects did not have insight into
how Lo select better performers on the tests.

Repeat Testing

Alter 30 months, 21 residents and ¢ workers showed statisticaily insignificant variation
across the interval without a trend of improvement (see Chapter 16, Table 16 5.)

CASPER AND HOUSTON SUBJECTS

Casper, Wyoming Exposed and Unexposed
Subjects

In 1991 approximately 100 residents of the Brookhurst section of northwest Casper,
Wyoming brought suit against six chemical companies for causing adverse health effects

Baciward
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i Hatched bars are statistically significanl
TABLE 5.11  Profile of mood states, total score and compenents
35 Exposed 32 Unexposed
ias in selection mean $ dev mean s.dev rt
geginsight into Total 709 + 407 103 % 200 0001
Anger 168 =113 536+ 57 0001
Depression 188 = 11.7 51 64 0001
Tension 183 £ 73 78 =40 0001
Confusion 133 £ 57 49 + 28 0001
N eritin Fatigue 155 £ 73 53 £ 37 0001
1 Vigor 18 =70 18.5 + 44 0001

ible 16.5,}

thwest Casper,
e health effects
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FIGURE 5.8. Comparisons of profile of mood states, HyS-exposed and unexposcd Halched bars are
statisticaliy significanc

and decreasing property values. They had lived in the subdivision for over ten years
and contended that the plume of odorous fumes, together with surface and subsurface
drainage of solvent-smelling chemicals, contaminated their yards and wells and was
responsible for their numerous health complaints, cancers, and birth defects. Casper is
a city of 51,000 located on the Platt River in central Wyoming. Tt is in an oil-producing
area, and a refinery is located near the center of town. Six chemical companies were
part of a comidor between Bruokhurst and the city

Eighty-four exposed individuals, whose ages ranged from 10 to 77 years, with a
mean age of 38 and an educational level of 11 years, were compared with 50 unexposed
subjects from the city of Casper with an average age of 50 years, range 14 10 82 years,
and an educational level of 12.8 years. Alihough the strategy was for an cxposed
individual to nominate and contact 4 comparison person, this approach did not yield
enough unexposed subjects; so we appealed to local organizations, including the Elks
Lodge and the local hospital and medical center, o augment the comparison group

TABLE 5.12

Respirarory
Chest tighiness
Palpirarions
Chesr pain
Dry cough
Cough with blo
Dry month, nos
Throar irritation
Eye irrilation
Reduced smell
Neurolagical
Dizziness
Lightheadness
Loss of balance
Loss of conscio
Lack of concent
Recent memory
Long-term mem
Mood unstable
Irritobility
Exhilaraiion
Steep
Somnolence
Insomnia

Can't fall asl

Wake frequer

Sleep few hor
General
Headache
Nausea
Libido decrease
Excess fatigue
Alcohol olerans
Indigestion
Loss of appelite
Skin
Ttching
Dryness
Redness

This effort T
the exposed
unexposed, t
in the unexp
The meths
mance are tt
visual reacti
sway speed
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TABLE 5.12  Frequencies of 33 resplralory, neurvlogical, general, and skin complainty in

exposed and unexposed subjects in 1991
| Expused (35} Unexpuosed (32)
e &l mean  Sd I
= Respiratory
Chest tightness 917 + 780 o x I89 0000
Palpitations 685 = 708 199 = 54.6 0022
Chest pain 607 + 766 28 + ®9 0000
Dry cough 824 £ 793 64 = 83 0000
P —————1} Cough with blood 284 + 514 10 £ 60 {1030
Dy mouth. nose, throat 971 + 822 37x99 0000
Throat ifritation 1057 = 780 111 + 240 .0000
Eye irritation 1251 = 794 60 £ 216 0000
= Raduced smeil T84 + 807 77 £ 246 0000
Neurological
Dizziness 807 755 42 = 120 0000
Lightheadness 936 £ 745 103 = 177 0000
!’ Loss of balance 669 + 668 34 174 0000
Loss of conscionsncss 25 92 0 —
Lack of concentration 138.2 + 36.1 83 £ 161 0000
Recent memory Joss 1375 £ 907 83 £ 215 0ono
Long-term memory loss 844 + 502 47 = 134 0000
atched bars are Mood unsiable 1373 + 933 24 + 86 0000
Frrirability 1313 + 924 224 * 367 0000
| Exhilatation 326 x 603 19 £ 8,1 0000
Sleep
Somneclence 893 + 1014 14 £ 84 0000
| Insomnia
| Can’r fall asleep 101.3 + 885 170 £ 459 0000
Wake frequently 1269 + 019 164 + 469 0000
I Sleep few hours 1214 £ 94.1 216 = 574 0000
Gengral
Headnche 1455 + 766 313 £47.1 0000
Nausca 90.5 + 744 34 £ 177 0000
Libide decreased 708 + RO2 176 = 459 0000
Excess fatigue 1369 + 882 1R = 374 0000
Aleohol tolerance decreased 22 = 767 43 = 21.8 D44
Indigestion 94.9 + 1057 92 £ 215 D000
Loss of appelile 482 + 764 206 + 528 0BG
Skin
OVEr len years Tiching 727 + 818 190 + 554 002
nd subsurface Dryness 932 + 03 162 + 468 0001
vells and was Redness 764 + 729 214 £ 555 .0008

cts, Casper is
oil-producing
Mpanies wWere
This effort resulted in a somewhat older and beuier-educated unexposed group than

years, with a the exposed individuals. Age would reduce the difference between the exposed and
50 unexposed unexposed, but in some tests this effect would be offset by the greater educational level
4 to 82 years, in the unexposed,

I an exposed The methods used for evaluating neurophysiological and neuropsychological perfor-
did not yield mance are those outlined in Chapter 3. In brief we tested the simple and wwo-choice
ding the Elks visual reaction time, color vision using the Lanthony desaturated hue test, balance as

arison group. sway speed with eyes open and with eyes closed, blink reflex, and latency of R-1
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sURE 5.9a.  Comparisons of syimplom frequencies for 35 H,5-exposed (Nipoma) and 32 unexposed
(San Luis Obispo). Harched bars are statistically signiticant,

stimulated by glabellar tap, Cognitive tests included Culture Fair 24, a nonverbal and
nemarithmetic disipn-solving st of constructional end cognitive performance, block
design, and digh symbol from the WAIS. Parceptual motor speed was tested with o
peghoard uzing sloned pegs, mail making A and B, and fingertip number writing erpirs
framm the Halsrad-Resiun batiery. Recall was tested with story 1 and story 2, visual
reproducton, and digits forward and backward from the Wechsler memory scale.
Embedded memory was evaliated with information, picture completion, and similurities
from the WAIS,

Compared to the 50 Casper reference people, the exposcd group had almost identical
values for reaction time and for blink alihough fewer of the exposed had 1 delayed
BRL R-1 ¢n glubellar tap and considerably fewer responded 10 supraorbital £ap g s-
tion (sce Tahle 5.13, Figures 5. 10a—d). Although swiy speed sppeared fuster in the
exposeid group, particalarty with eyes closed, this difference was not statisticsly signifi-
canl, Similarly, the cognitive functions, although tvoring the performance of the com-
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FIGURE 59b. Comparisons of symptom freguencies for 35 H,S-exposed (Nipomu) and 32
unexposed (San Luis Obispo). Hatched bars are statistically significant

parison group most times, actually showed a reversal, with more impairment for
perceptual movor functions, pegboard, and trails A and trails B in unexposed controls,
although these differences berween the groups were not statistically significant. For
recal! functions the comparison group did slightly better, again without statistical signif-
icance, and this was also seen to be true for the embedded memeory functions.

However, when the overall function was compared with the national predicted group
based on Louisiana and California unexposed groups, there was a statistically significant
slowing of choice reaction time in the exposed, and, most outstandingly, differ-
ences—both with eyes open and with eyes closed—for sway speed as a measure of
balance (Figures 5.10c, d). Trail making B tock longer in both exposed and unexposed
Cesper groups than in the national unexposed, whereas trail making A was prolonged
in the comparison group only.

The interpretation of these differences, namely, that both the exposed and the com-
parison group had abnormalities of sway speed, choice reaction time, and trails B,
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TABLE 513  Casper ¢xposed compared to lecal noexposed and sulione]l nnevposed, showing the
intermediate scores for Casper unexposed

Comparison (50) Exposcd (R4) Naliona] (G6)
Menh L5 Mean S Mgz L | n
Agelyears 504 2001 EL ] 17,5 B0 128
Ed T.evel 128 24 110 3.1 12,5 21
POMS Scorc 181 27.9 56.6 515 16,0 284
Physiolagical
Simple Reaction Time 280 597 28R 74 281 85
Chuice Reac. Time | 342 107 533 115 519 RE
2 333 85 551 107 514 g1
3 539 94 359 94 524 88 0067+
Color Score 1211 706 123 6.6
Blink Clabellar R ms 150 | #{92) 4.6 Lo (a7
L ms | ] L8378 154 19 (53)
Supraorbital R ms 145 1.7 (94 [ER LT {3
L ms i44 1.9 (98) 14.2 1.6 (40
Sway Speed cr/sec
Eyes Open 0.94 022 099 030 087 022 0014*
Lyes Closed 1.40 [LENR 1.52 058 1.31 nes  al*
Coguitive
Cullure Fair A 276 7Y 203 73 KILR.] 6.1
Bluck Design Score 287 106 310 9.2 310 10.3
Digit Symbol 34.4 16.0 51,2 15.3 50.8 149
Perceptual Mowor
Finger Writing  Right 26 21 29 34 25 32
Left 23 27 24 3.1 21 27
Pegboard 227 258 729 197 6890 13
Trails A 308 17 3+ 3406 13,0 33R 141
B 838 49 7 792 45.1¢ 74.9 443
Recall
Story | 17 44 a6 4.2 a5 LR
Swory 2 L4 435 94 44 9.7 4.1
Visual Recall 117 4.3 15 A2 n1 il
Digits  Forward 67 13 66 13 68 15
Backward 45 [ 44 14 4.3 12
Embedded Memor
Informaticn 184 60 167 3% 169 53
Picture Complerion 142 a3 14.6 34 1513 34l
Similarities 10.4 48 208 6.5 2.2 53

o= w3

I = range

supgested a citywide exposure. There was a large il refinery practically al the cross-
roads of the muin east—west and north—south streets of Casper, which refined high
sulfur crude from the basin fields in the Casper vicinity. There was gas flaring, with
a perceptible odor of hydrogen sulfide. This observation suggested that the generalized
effccts observed were from the oil refinery exposure, which exiended into the compari-

s0Mm group.

Ceitainly other interpretations should be considered, including the possibilily that
we arc simply observing oddities due to the age deterioration factor and the physiologi-
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cal and perceptual motor responses. We reasoned that if further experience with the
physiclogical tests shows that their sensitivity can be relied upon, then when they
individually show differences of this magnitude, confounding exposure should be
sought or some other factor that could explain the differences. Such differences do not
seem to be methodological or sile-specific, as we now have similar reference values
from five different states in the United States.

The POMS score was more than three times as high in the exposed as the unexposed
(56 compared to 18), and increased by component scores for anger, confusion, and
depression. Objective tests showed a ‘“*Casper effect,”” which overlay both groups and
did not distinguish them. Symptom frequencies and profile of mood states score (self-
appraisal) were different, which may reflect concern or a sense of injury. This finding
would tend to support, at least in a small way, the differences in objective tests compared
to the national group.
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FIGURE 510b.  Comparison of 80 exposed (Brookhurst) and 50 unexposed (Casper)

Houston Petroleum Refineries— Circumstantial
Exposure

The Houston—Wickenburg cormparison suggesis abnormality for the Houston uncx-
posed. who dilfer from Wickenburg unexposed [or blink, recall, reaction time, vocabu-
lary, and perhaps trails A and B. These differences are despite their being 10 years
younger than the Wickenburg group with slighily higher POMS scores, Are Houston
unexposed TCE-exposed? Blink abnormalities suggest that they are chemically affected
with chlorinated solvents as the prime possibility

Consideration of children showed again a significant lengthening of blink reflex
latency R-1 of 1.4 to 2.0 ms in all three ethnic groups (Caucasians, African-Americans,
and Latinos), an increased sway specd, an impaired reaction time of 70 to 94 ms, and
& general impairment of cogniton (CFA. vocabulary, and digit symbal), recall, and
long-term memory, despite a near maich for age (Wickenburg 11.5 vears, Caucasians
12 years, and Latino 11.4 years). Thus cither living near the oil refinery—chemical
region or being economically impoverished. unable lo cscape, was associated with
impaired function scores
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FIGURE 5.10c.  Comparison of 30 exposed (Brookhurst} and national predicted groups

Obviously, these differences could be reflecting ability, bul that is unlikely for blink
and balance. Thus. it is hypothesized that maladaptive performance has resulted from
living near refineries and a major chemical manufactaring center where H,S is the
principal chemical exposure.

BALANCE FUNCTION AND REACTION
TIMES IN REFINERY WORKERS
EXPOSED TO H,S

Balance function as sway speed and two-choice visual reaction time were measured in
38 refinery workers recruited from a group of 75 being examined for asbestos-related
disease. The mean age was 427 = 11.4 years, with a range from 22 to 63 years.
Methods were the standard ones just described. Balance with eyes closed was abnormal,
with sway speed 1.48 * 78 cm/sec compared te 1.17 + .32 cm/sec (p < .0043) in
68 unexposed subjects of mean age 37.6 years. Age means were not significantly
different (p < .06). Sway speed with eves open was also abnormal at 1.06 + .44
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FIGURE 5.10d.  Companson ol RO exposed {Brookhurst) and national predicled groups

cm/see as compared to 081 + 20 em/sec (p < ,0001) in unexposed subjects, Six
subjects had sway speed with eves closed greater than 2,0 cm/sec and should be consid-
ercd 10 be an abnormal subgroup. One of these rmien has tinnitus, and another was in
a spill of hvdrogen chloride or hydrogen fluenide and had suffered lung damage. Other-
wise, their other exposures and past medical disorders were not pertinent to balance
abnormalily. Choice reaction time was 537 = 71 msec compared to 513 + 79 misec.
a cifference that was nou significant. Based on the previous study of ex-workers and
dawnwind neighbors of a refinery processing Santa Barbara. Calitornia, channel crude
otl rich in reduced sulfur gases. who had abnormal sway speed and abrormal choice
reaction lime at 593 = 106 msev, the new data support the suggestion of toxic effeets
from these gases. Other exposures 10 hydrocarbons, sulfur oxides, hydrogen chloride,
and [luoride included known ncurotoxins. Stack emissions include manganese, chro-
mium, mercury, lead. and vanadium, which are neurotoxic; so carctul characterization
of tank and stack emissions by environmental swmpling is needed to establish which
associations are cauvsal. OF the meials, manganese and mercury should be accorded the
highest index of suspicion because in occupational concentrations, as in mining and
refining, they produce adverse effects on balance, Nevertheless, with our presenl insight
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into levels of exposure, mechanisms of action. and similarity to clinical poisening,
hydrogen sulfide is the most likely toxicant.

DISCUSSION

The 16 patients provide a scouting examinalion of the spectrum of H2S effects. These
ranged from serious neurcbehavioral impairment, including balance and reaction time
impairment from near fatal exposures, to insidious function loss from long-term expo-
sure doses around refinery operations, gas flares, asphalt loading, and, most important,
simple proximily to refineries. Skepticism ubout this novel interpretation seemingly
was abolished by the observations of severe impairment, including visual field loss, in
subjects around and downwind of the Torrance refinery explosion. Less intense impair-
ment characterized the population exposed downwind and at work to the desullurization
plant oil refinery at San Luis Obispo. Probably refineries cannot be made safe for
nearby restdents or even those some miles away.

The downwind effect plus observations from other studies of chemical effects at
Casper and Houston and in refinery workers has strengthened the social implications
of these findings. In light of the adverse effects at Torrance and Nipoma, brain damage
is implied at Casper and Houston, as populations unexposed to chemical manufacturing
in Casper and to chlordane in Houston showed patterns of impairment consistent with
the effects of reduced sulfur gases

The most common neurophysiological impairment was for balance. followed by
blink. In the neuropsychological lesting, choice reaction ume, fingertip number wriling,
and verbal recall were most commonly impaired, followed by trail making and Culture
Fair. Thus, integrative functions with multiple inputs were impaired by H;S exposure.
Statistical certainty is a difficalt problem in analyzing small groups of patients Two
available methods were used. One is to consider H,S exposure as the definer of the
group despite many differences in patients’ exposure and previous status, so as to
compare their average scores to those of an unexposed group. The other method is to
use the 95% confidence limits of expecled performance and determine prevalence of
abnormality for each lest score. The [irst analysis showed decreased performance for
balance, reaction time, and cognitive and percepinal motor skills. The second, based
on counting the prevalence, although more crude, showed that the same functions were
impaired.

There are three conclusions, The first is that sensitive testing in subjects who were
not made unconscious by H,S or whose exposure was even lower showed protracted
impairment when the subjects were tested at intervals from months to years after expo-
sure. The second conclusion is that exposures causing impairment occurred in environ-
mental situations, downwind as well as in the workplace, and the third is that the
exposure did not have 1o be sublethal Lo cause permanent ill effects. A few hours of
occupational H,$ exposure without unconsciousness or respiratory distress impaired
neurobehavioral function, an effect that appeared to be permanent. Although alternative
explanations may be possible in each individual, the composite experience suggests
that well-plunned epidemiological studies with sensitive methods should be performed
on subjects environmentally exposed as well as on those occupationally exposed

Occupational and downwind residential ¢xposures to a California coastal refinery
processing high sulfur crude oil and emitting reduced sulfur gases, rich in H,S, were
associated with abnormal objective physiological tests: slower simple and choice reac-
tion times, excessive speed of sway with eyes open and with eyes closed, and reduced
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color discrimination. Thus the aulomatic (subconscious) parts of the neuroaxis except
for blink showed impairment. The impaired performance was accompanied by reduced
perceptual motor speed and perhaps recall. Impairment was less severe than in subjects
who had recovered from H; S-induced unconsciousness (9, 11, 12). Most of the psycho-
melnc differences were small and not significant, which implied thal these tests were
less sensitive than the physiological ones, or that the subjects studied had less damage
to the cerebral cortex than did our groups There was a sevenfold greater affective
disturbance as shown by mood states and an excessive frequency of 31 of 33 symptoms.

The objeclive and subjective abnormalities followed activation of a petroleum desual-
furization unit in the nearby refinery. Reduced sulfur gases exemplified by HaS are
the most plausible explanation of the neurotoxic effects, but mercury, manganese, and
vanadium penroxide, as potent inhibitors of signal transduction pathways conveyed in
atrborne dust. may have contributed. 1t is unclear whether the desulfurization plant had
a specific causal role in the health disorders above that of the cefinery, Cleariy it added
miore imitative complaints. which made the burden of being downwind ‘‘unbearable’
1o the subjects, Because ex-workers had greater proximity to the source, one might
have expected them tce be more severely affected than the downwind neighbors. Because
they were not, workers may have recovered somewhat in the interval of nearly a year
between leaving work and being tested. Aliermately they may have had betler initial
performance than the neighbors but lost more, so as lo average with them. Finally, it
is possible that intermittent exposure, for 40 hours per week for 3 or 4 years, at the
refinery was not equivalent to neighbors exposed at presumably lower doses for up to
168 hours per week for 10 to 15 years. Exploration of the dose—response relationships
needs more subjects and continuous monitoring of concentrations of reduced sulfur
gases and other neurotoxins. Ex-workers had minimal changes during the 1989 10 1991
interval although their balunce improved slightly, whereas the residents, all of whom
continued to be exposed, remained impaired.

Alternate Explanations

Clients in environmental chermical lawsuits have been viewed as seeking personal gain
and thus as unreliable and undeserving as “‘whiplash’ or ‘‘back strain'' plaintiffs. In
checking the group scores for possible cvidences of bias from poor performance, poor
attention, or early termination of effort was not obsarved. Being parly to a lawsuil
could have motivated them to raise their symptom frequencies and concelvably could
even influence scores on psychological tests, but this seems unlikely because a majority
of exposed subjects would have to do this in a consistent patiern without rehearsal,
and they were all naive concerning these tests. Furthermore, scores were nearly identical
on relesting after two years, which also argues against this explanation (see Chapter
16, Table 16.5), Balance by sway speed, choige reaction time, and blink reflex are
multiple-trial tests in which the subjects’ scores improve and become stable. [f the
exposcd were test-wise subjects, poor performance would be anticipated in all tests in
the battery, not just in the most sensitive ones. Moreover, the pattern of abnormality
was similar to but less severe than that in workers overcome by H,S (9, 11, 12).

Inappropriate Comparison Group

If comparison subjects were **supranormals’ they could bias interpretation of average
results wrongly, causing investigators to consider them abnormal. However, comparison
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of the mean scores of these 32 reference subjects to those of three reference groups
shewed virtual identity in the neurophysiological and neuropsychological domains
(20-22), Thus the choice of the comparison group seems appropriate.

Somatization disorder or chronic posi-traumatic stress (DSM I, 1980) triggered by
adors and health fears might elevate POMS scores and symptom frequencies, but this
seems unlikely in these subjecls because POMS scores had no significant coefficients
in linear regression models [or any abnormal physiological or psychological test score.
It is more probable that the exposed subjects’ elevated POMS scores and excess fre-
quency of symptoms were neuropsychological consequences of chemicals acting on
the brain. Moreover, stress does not impair balance and choice reaction time, but im-
proves them (23).

Attribution of Effects

The desulfurization workers’ complaints that initiated the study, mainly dermatitis,
depression, and asthma, gradually disappeared when they were away from the refinery
Asthma and dermatitis but not depression were attributed to sulfur dioxide (SO,) and
vanadium pentoxide. In contrast, the neighbors’ symptoms did not improve as they
continued exposure downwind of reduced sulfur gases. Workers and neighbors devel-
oped airway and skin urritation shortly after the installation of a vanadium pentoxide
desulfurization unit. However, H,S and carbon oxide sulfide (COS) were measured in
the residential area for 5 years, and this refinery had processed *‘sour’’ crude oil, with
reduced sulfur gases, for nearly 40 years. Hydrogen sulfide, COS, and mercaptans are
heavier than air, collect in low places such as sewers and holds of ships from decomposi-
tion of sulfur compounds under hypoxic conditions (7, 9, 14), and have caused deaths
(89

Mechanisms

Reduced sulfur gases cause death quickly by respiratory paralysis at exposures above
500 ppm of H,S. Levels between 100 and 500 ppm irritate the eyes and respiratory
tract, and unconsciousness and death have been reported from prolonged breathing of
50 ppm. Fortunately, the odor threshold 15 25 ppb. The mechanism of brain damage
from low doses of H,S is unclear, but soluble sulfides may interfere with cellular
utilization of oxygen by combining with iron in the cytochrome oxidase respiratory
enzyme in mitochondria (3} Primates exposed to 500 ppm of H,S for 22 minutes
showed cerebral cortical necrosis, reduction in Purkinje cells of the cerebellar cortex,
and focal gliosis. Repeated exposures of mice to H, S reduced brain RNA and inhibited
cytochrome oxidase activity (3).

CONCLUSIONS

It would be prudent te assess the neurobehavioral performance of workers before their
employment in oil fields and refineries (23) and periodically thereafter. By coupling
the results with careful measurements of reduced sulfur gases and *‘irace’” components,
dose—response relationships would emerge. Meanwhile refineries with H, S desulfuriza-
tion should be viewed with caution,
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