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Peripheral neurotoxicity associated with exposure to inorganic Mercury
(7439976) vapors was investigated. Clinical neurological evaluations, nerve
conduction evaluations, and Medical questionnaires and inter'views were conducted
at three chloralkali factories (SIC-2812). Of the 138 workers exaMined, 77 had
significant potential exposures to Mercury. All subjects had been in a Mercury
control prograM wherein individuals with Monthly spot saMple urine Mercury
concentrations exceeding 50 MilligraMs per liter were reMoved froM exposure. Of
138 workers, 18 had Mild sensory disturbances that were evidenced by
significantly reduced clinical distal vibratory and pin sensation, reduced
distal strength, and reduced Muscle stretch reflexes. Significant differences
were also see in tests of vibration, touch, and two point discriMination.
Affected subjects were older (average age of 43) and had an average of 13 years
on the jobs, cOMpared with an average age of 33 and 8 years on the job for
norMal subjects. Electrodiagnostic abnorMalities were More frequent in subjects
with polyneuropathy. Subjects with clinical evidence of polyneuropathy had
higher Mercury urine indexes. The authors conclude that eleMental Mercury
exposure is associated with a clinically significant sensoriMotor
polyneuropathy. The degree of neurologic iMpairMent is related to the Magnitude
of exposure.
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This document may have problems that one or more ofthe following disclaimer
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• This document has been reproduced from the best copy furnished by the
sponsoring agency. It is being released in the interest ofmaking
available as much information as possible.

• This document may contain data which exceeds the sheet parameters. It
was furnished in this condition by the sponsoring agency and is the best
copy available.
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of some ofthe material. However, it is the best reproduction available
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POLYNEUROPATHY FOLLOWING INDUSTRIAL EXPOSURE TO INORGANIC MERCURY

o

INTRODUCTION

['1ercury peripheral neurotoxicity has been described (1-7) although most

previous reports have emphasized central effects (8-11), Electrodiagnostic

evaluation of chlor-alkali plant \'Iorkers has suggested that inorganic mercury

vapor exposure can affect both motor and sensory peri pheral nerve conducti on,

the degree of involvement related to time-integrated urine mercury levels (12).

Our preliminary study (12). hO'i~e\fer, did not report clinical· evaluation

following industrial exposure. The study reported here employed clinical

ne'Jrolor..rical evaluation and more complete nerve conduction evaluation of 138

chlor-alkali plant workers.

~11ETHODS

SlIbj oct:;

Thl'ee chlor-illkali plants \'Ihich use IilctJllic mercury in the proctllction of

chlorine \vere selected as sites for this study. EI~lployees (both exposed and



non-exposed) completed a medical questionnaire and were interviev/ed to identify

individuals with toxic exposure (other than mercury) or medical disorders

potentially associated with neuropathy, including diabetes, renal disease,

peripheral vascular disease, excessive alcohol use, or trauma. Employees so

identified were excluded from further evaluation. Remaining employees

unden-Ient neurologic and electrodiagnostic examination, as part of an

evaluation of overall performance.

A total of 138 subjects were examlnea. Of these, 77 subj ects had

significant potential exposure to mercury in their jobs. 61 subj ects

(controls) had no significant exposure. Table 1 gives statistics for exposed

and control group urine mercury, age, height and ',..,eight. Urine mercury levels

sho\'/n in Table 1 \'/ere determined from spot samples taken on the day subjects

were examined.

All subjects had been included in a mercury control program (13, 14)

\'1herein individuals with monthly spot sample urine mercury levels exceeding

0.50 mg/L were removed from mercury exposure. Urine mercury records were

available for three years prior to evaluation, or for the duration of

employment if less than three years. Examiners had no indication of exposure

1evel s, and di fferent examiners performed neurologic, el ectrodi agnostic, and

urinary mercury evaluations.

For purposes of statistical analysis in this study, urine mercury indices

~Iere derived for eeleh subject, bCtsed on his histol'y of monthly determinations.

Indices f?r each subject included U~C foll'O\'1inq:

AverJge urine mercury concentrations over t}it:: past 3,6, 1? or':.:1

l:lonths,

Tho nUI!lber of peJk conc(:ntrJtions exceedinCl 0.25 and 0.5 mg/L in the

J



· previous 6, 12, 24, or 36 months

Such historical indices were used to improve reliability in estimating each

subject's long term exposure to ~etallic mercury.

(Insert Table 1 about here.)

One parti cul ar concern 'v·,i th cross-secti onal fi el d studi es is, of course,

the possibility of confounding, and therefore confusing the effects of exposure

\'lith effects of extraneous factors sLich as age. As shO\'1n in Table 1, the

average age of the exposed group was sl i ghtly greater than that of the control

group. The exposed group al so had a sl i ghtl y hi gher average \'1ei ght. As

explained in a later section, potential confounding in student-t test

campa ri sons \'1as controll ed by set ecti on and age rna teni rig of subj ects in

case-control studies. Across the entire range of sUbjects ' urine mercury

indices, hO\v2Ver, there was no evidence of cotrel ation betl'.'een urine lilercury

and age, height, 'I'leight or reported alcohol intake. T'1uS there is little

ree.son to suspect confounding in cQrrelation and regression analyses used to

explore the relationship between urine mercury and neurologic and

electrodiagnostic examination results. Table 2 shO\'is the correlation

coefficients bet'v'icen urine 111ercury indices and potential confounding variables.

They are all very low and statistically insignificant.

Urine mercury concentrations were detennined using methods which have

pri:\Jiollsly been described 02,17). Split samples 'v~ere frequent.ly used in the

110nthly sarlpling progrums for interlaboratory validat.ion.

b~tween laboriltories was generally greater than r = .05 {1S).

The correlation



(Insert Table 2 about here.)

Clinical Examination

Neurologic examination \'Ias performed on all subjects and graded subjectively. by

the same examiner. The results of the c1 inica1 neurologic examination "'Iere

reported as normal, equivocal sensory and/or motor abnormal ity, sensory and/or

motor polyneuropathy emi 1d, moderate, or severe), or other (mononeuropa thy,

radicu1opathy, etc.).

Semi-Quantitative Measure of Neurologic Function

Several quantitative tests of peripheral neurologic function were obtained

follovling the clinical examination including grip strength, two-point

discr'iminaticn~ and \/iol'atory, pl~n and touch sensation (IS).

OO:-:1inant upper extremity grip st7'enc~th \vas det;2Y':;,ined usin;, a Jamar hanj

dyns.mometer as the maximum force for thn~e - five second trials (kg).

T'do-point discrimination \'ias determined for the dorsum of the doninant

index finger and dorsal-lateral aspact of the ipsilateral foot. Sweet1s

two-point compass cal ibrated in mill il11eters (mm) \I/as used. Beginning ','-lith the

index finger, the subject was given a recognizable stimulus of 10 mm.

Separation. vias dl'?creilsed by 1 '11iTI per trial until three consecutive responses. of

one roint at the meaSUrt?1I1ent. If this \~as the threshold va.lue, tht~ subject

correctly recognizee; the next increment of 0.5 i'1nl. Tll;s VlclS repeat2d on t~12

foot beginninlj \'Jith a 30 Illill sep,wation, decreasing by lipproxi;nately 2.5 nun per

trial as described above. Once the descending threshold \'1'0.S defined, the



subject had to correctly recognize the next increase of 2.5 mm.

Vibratory sensation was detennined for the dominant index finger and great

toe using a 128 Hz tuning fork. The subject reported vlhen vibration could no

longer be felt, and the difference (seconds) between the examiner's ann

sUbject's threshold for the index finger \'1as recorded as the average of the

last tVIQ of four trials. This was repeated recording the difference in the

subj ect IS thres ho 1d at the toe to the exami ner' s index fi nger thresho 1d as

described above.

Pin sensation was graded subjectively in the conventional clinical

exami na ti on. Subj ects then determi ned whether a stimul us at the index fi nger

lias equal to, less than, or greater than a stimulus of approximately equal

intensity at the upper forearm and asked to subjectively estimate the

percentage the small er response was of the greater, if they \'1ere di fferent.

This was repeated for the dorsum of the great toe and the upper calf.

Responses 'dere recorded as a ratio of the distal to proximal intensity, or 1.00

if t~e irltensities were perceived as eqllal.

Touch sensation was recorded using a co~nercially available pressure

anesthesiomet2r (R-esearch Hedia, Inc.). Stimuli \'1ere delivered to t~e dorsum

of the domi nant index fi nger and great toe. Subj ects were forced to identify

in v/hich of t'dO time intervals the stimulus \'1as delivered beginning I'lith a

reildily identifiable st-i!l1ulus. Progressively smaller stimuli \'1ere presented

until an error '.-IdS Illilde. That stimulus ~Jas repeated (five trials), randolnly

~) res entin C] it e i the r Ul e fir s tor sec 0 nd time i 11 t er val ( f 0 !' CC'd -chole e ) . If all

five responses I'Jere correct, the next smaller st~;nlilus l'Jas used and the

sequence repeated until a stimulus \~as identified for I'/hich one or more

responses IJere correct, the next s[;1<111 er stil1lul us I,'as used and the sequence



repeated until a stimul us \'/as identi fied for \'/hich one or more responses were

incorrectly reported. The next largest stimulus vias then repeated and this

taken as the threshold value if the subject correctly recognized all five

trials.

Nerve conducti on studi es \'/ere perforr:led on the ri ght ul nar (motor and

sensory), median (sensory), peroneal (motor), and sural (sensory) nerves using

conventional techniques (16). Distal upper and 10'tler extrem~ty surface

temperatures were measured for ali sUbjects and the extremities \'Iere warmed if

less than 31 degrees C. Compound muscle action potential (Ci,tll,P) and sensory

nerve action potential (Si-iAP) negative peak amplitude, distal latency, and

maxi8ur:1 conduction velocity vlere measured. If the 1.11 nar SNAP vIas superinposed

upon the motor response, the amplitude was recorded but not used in the

stati sti cal anal yses. Needl e el ectromyography (E~lG) was performed on the ri ght

abductor hal1ucis muscle in all sUbjects and graded subjectively.

Statistical Analyses

Parametric data obtained for subjects with c1inic31 polyneuropathy Vlere

cOPlpared to subjetts vJith nornlal examinJtions tlsinQ the student-t test. In

student-t coplparisons, the objective vIas to determine if subjects \'/ith

polyneuropathy had significantly higher urine mercury histories co:npared to

subjects who had normal examinations. Because of the potential confounding

~fFi~cts of cltJe dnd :;ex 1j~l)11 >(:J::;'':-·;~8:1crol c:)~;;odrisor~s, an ag2-sex matched

control group was rJndolllly selected from subjects having a no,'I~lal neurologic

eXJI!lination, and the results of their evaluation cOillpared to subjects having

polyneuropathy. No SUbjects older than 55 years of age were included in ~ither

l



group.

Least square regression analysis was used to correlate the

semi-quantitative neurologic measures and the elect\odiagnostic measures to the

urine mercury indices. Multiple linear regression analysis was used to

determine partial correlation coefficients for the relationship bet'l'ieen urine

mercury indices and clinical and e1ectrodiagnostic measures in a model ~vhere

the effects of age, height, weight, and alcohol use were accounted for.

Subjects were classified into lO'tler « .05 mg/L) and higher (> .05 mg/L) urine

mercury groups, and a chi-square analysis performed to determine if there was a

greater 1i ke1 i hood of subj ects havi ng a polyneuropathy in the hi gher average

exposure group.

RESULTS

Of the 138 sUbjects evaluated, eighteen had evidence of a mild, sensory greater

than motor polyneuropathy based upon the c1 inical examination. These subjects

had s i 9nif ican t 1y (p < 0 . 05) red uced c1 i ni cal dis tal vi bra to ry and pin

sensation, reduced distal strength, increased sustension tremor of the upper

extrei!lities, and reduced muscle stretcll reflexes (brachioT'adialis, knee, and

achi11 es) CO,71pl red re:n,ll n1 n9 Results of thp.

serni-quuntitative examination are shm·m in Tahle 3, del;lOnstrating significant

differences in tests of vibl'Jtion, touch, and tl'w-point disctimination.

Clinically nomal subjects also \~ere si9nificarltly younqer, (33 versus 43



years) with fewer years in the plant, (8 versus 13 years).

(Insert Table 3 about here.) ,

Electrodiagnostic abnormal ities were more frequent in subjects with

polyneuropathy. Abnormal Et,IG (fibrillation potentials, positive waves, large

amplitude motor unit action potentials) was reported for eight of the eighteen

subjects with an abnormal clinical examination but for only four of the

remaining 120 subjects. Five of the eight had multiple (three or more)

abnormalities of nerve conduction studies. None of the four clinically normal

subj ects wi th abnormal C1G had conducti on study abnorrlal i ti es. One addi ti onal

subject with an abnormal cl inical examination and six subjects with a normal

clinical examination had three conduction study abnormalities. Equi vocal

abnormalities (one or t':IO conduction study abnormalities) ",,,ere recorded for

nine subjects; tltlO had abnormal and seven had normal clinical exa.minations.

The results are summarized in Table 4.

(Insert Table 4 about here)

Compari son of the el ectrodi agnostic resul ts for both groups is shm'ln in

T.:lble 5. Subjects \"ith polyneuropi1thy han sionificantly (p < 0.05) prolonged

ulnar- nlotor and sensol'y distJl latencies, prolonged meciian and sural sensory

<ii:;tJl latencies, reduced mcdicHl ilrld':;ur'Jl SN/\P amplitudes, Jnd n?dUc2ct !:~t:dian

sensory conduction velocity \vhon comp,:lred to those \·lith ':\ rwr::lal exunlinati'on.

(Insert Table 5 Jbout here.)



Results of the comparison bet\'ieen urine mercury index values for normal

and polyneutopathy subjects are sho'/ln in Table 6. Because the urinary mercury

control program removed employees from exposure follovling a monthly spot saf'1ple

level exceeding 0.5 mg/L, mercury exposure levels \'iere relatively 10\'1.

I'levertheless, significant differences existed between the t~'iO groups, subjects

with clinical evidence of polyneuropathy demonstrating higher mercury indices.

(Insert Table 6 about here.)

The random sex and age matched subset of cl inically normal subj ects was

compared to the male subjects under 55 years of age l'iith clinical

polyneuropathy. The control group consisted of 36 subjects and the

polyneuropathy group consisted of 6 subjects. Both groups had a mean age of 36

years. The control group 'Has significantly lighter than the polyneuropathy

group (181 versus 224 pounds), but no other significant differences were found

"lith regard to education leve1s, plant number, potential exposure years,

alcohol ingestion, etc. The semi-quantitative measut'es of neurologic function

continued to show significant differences bet:,,,een the arouDS-' ., simi 1ar to

those described above. Needle GIG demonstrated abnormal ity in 1} of 6 subjects

\'!ith a clinical diagnosis of polyneuropathy and only 2 of the 36 control

subjects. Subjects with polyneuropathy han sitJnificantly prolonged median and

sural SNi\P distal latencies ami reriuced median St~AP amplitude I'lhen compared to

peroneal Ull\p amplitude in sUbjects with polyneuropathy \'Ihen CO!l1[JJt'ed" to

contro1 sroup.

Compuri son of uri ne I11crcury i ndcx values fot' the sex Jnd age r:latchen

I to
",,/



groups demonstrated a trend simil ar to that shovm in Tabl e 6. Al though only

three of. the measures reached statistical significance (number of months> 0.25

mg/L in previous six, t\'~elve, and tV/enty-four months) 9 of the 11 rerlaining

indices demonstrated higher levels of urine mercury in subjects \'~ith

polyneuropathy.

Correl ati on coefh c i ents between uri ne mercury index val ues and sel ected

subjective clinical observations, quantitative sensory findings, and nerve

conduction tests \"ere detemined and many '(jere statistically significant (p <

0.05). Table 7 sho"'/s correlation coefficients between urine mercury- indices

and subjective gradings from the clinical examination of items related to

neuropathy. Gradi ngs were made on a 5 point scale where 5 represented severe

abnormality. Thus, a negative correlation coefficient indicates a trend toward

abnormal results as a function of sUbjects· increasing urine mercury. As shown

in Table 7, all of the correlation coefficients are negative. Many are

statistically significant. Gradings of vibration sensitivity of the hand and

foot, distal strength, and joint position se:lsitivity ShOI'1 a number of

. . -' +
Sl gm ncan '"' correlations vii th uri ne mercury indices. All statistical

significance levels in Table 7, like others in this report refer to a

tl'lo-tailed test.

(Insert Table 7 about here.)

;lunipll' lincar l'(?']ression analysis of clinic1l and electradic111flostic

varillbles del:lOnstrllted P1Jny significant portial cOtTelcltions for the clinical

<Jradin(] of sensory loss and ulnclt' and median sensory. distal latencies \"ith

averafJc urine Plercury indices even wi th cl<Je, licight, I"ei~lht tind lllcollOl use



accounted for.

SLlbjects were divided into t~vo groups based upon average urine mercury

values above and below 0.05 mg/L in order to differentiate between exposed and

non-exposed subjects. A si~nificantly (p = 0.03) larger than expected

proportion of subjects "lith cl inical polyneuropathy \'Iere in the group "lith

average uri ne mercury above 0.05 mg/L vlhen averaged over 24 months.

Table 8 shows the correlation between quantitative examination results and

sUbjects ' urine mercury indices. There are a number of si gni fi cant

correlations betvleen urine mercury indices and quantitative vibration

sensitivity tests of the hand and foot. Since vibration sensitivity was

measured as the di fference (seconds), between exami ner l sand subj ects I

th~eshold, positive correlations indicate a trend toward reduced vibration

sens i ti vi ty as a functi on of i ncreas i ng uri ne mercury. The quaRti ta ti 'Ie touch

test was performed at only one of the three pl ants. Because of the reduced

number of subjects (n = 48), correlation coefficients fail to reach -statistical

significance. Ho"/ever, they are consistently negative. Grip strengt:l shows no

significant correlation urine mercury indices. The small positive

correlations are probably due to the slight tendency for exposed subjects to

weigh more, which was mentioned earlier. Table 8 also shows correlations

bet\'leen quantitative pin sensation and urine mercury indices. Few of these are

statistically significant, but all are consistently negative, indica.ting a

[Jossible trend toward reduced distal pin sensation as a function of increasing

uri ne Inercury.

(Insert Table 8 about here:)



sensory or motor complaints were not more prevalent in these individuals and

none 'were aV/are of their mild impaiment at the time of testing. Based upon

subjective and semi-quantitative clinical studies, tests associated vlith large

myelinated nerve fiber function seemed most involved (e.g. joint position and

vibratory sensation) although this r.lay simply reflect the sensitivity and

reliability of the two measures. Some evidence of negative correlations

between urine mercury and distal pin sensation, however, suggests small

unmyelinated fibers may also be involved. SUbjective examination indicated

significantly reduced distal strength in the group of subjects with a clinical

diagnosis of polyneuropathy when compared to the remainder of the group.

Nevertheless, quantitative measures of grip strength for this same group

indicated that they were significantly stronger. The subjective clinical

impression likely was based upon reduced strength for size.

Electrodiagnostic studies also demonstrated a significant difference

bet',leen the clinically abnormal and normal subjects, although the stat·isticaliy

by themsel ves, vioul dsignificant differences,

clinical significance. Sensory conduction

have been of

studi es ;;Jere

questionable

the most

discriminative, particularly measures of distal latency. Comparison to nor:nal

values for our laboratory, hal-lever, indicates that SNAP amplitudes .'!ere reduced

significantly for both groups of subjects, consistent \'/ith the observation that

reduced SNAP amplitude is an early finding in toxic polyneuropathy (20).

Another possible explanation, aside from mercury exposure, \'!ould relate to hand

size, the' J:llinudl laborer;:; studir.:~d having larger ~lJnds than inclbidu;~ls in the

unsel ected control group (21). Ttli s

the norr:1a1 ana abnor:~lal suhjects,

di fference 0.1 so may have ex is teli bet','ieen

the larger individuals being in jobs

requiring substantial manual strength and also heing in high mercury exposed



areas. This argument cannot readily be extended to explain differences in

distal latencies. The peroneal amplitude correlations with urine mercury

indices are the opposite of those predicted if peroneal amplitude decreased

with mercury exposure but, again may reflect body size, the larger subjects

having larger motot evoked responses. Although there is an inverse

relationship between body height and conduction velocity (22), the normal and

abnormal groups \vere of equal height.

The relationship bet'.veen vleight and mercury level has not been explained,

although large individuals v/ere more likely exposed because of the manual labor

component of the work in exposed areas. ~1ercury is stored in 1i ver ~ ki dney,

and bone (9), and it also is conceivable that larger individuals accumulate

1arger amounts of mercury, produci ng 1ater symptoms of chroni c toxi city.

E1ectrodiagnostic studies v/ere normal in 7 of the 18 sUbjects with

abnomal clinical examinations and abnormal (abnormality on D/IG and/or two or

more abnomal nerve conduction studies) in the 11 others. In contrast, only 13

of the remaining 120 i'JOrkers with normal exa8inations had abnor:nal

e1ectrodiagnostic studies.· These abnormalities were considered mild~ or

equivocal in all 13. Together, these data suggest little evidence of a

"subcl i ni cal polyneuropathy". It v/ould appear· that both the subjective and

semi-quantitative measures \vere sensitive indicators of neurologic impairment,

th2 electrodiagnostic studies providing coll abOI"ative evidence of

polyneuropattly, as \vell as suggesting the underlying pathophysiology.

The electrodiJC]rlostic pattern observed in this study, hO'.."ever, matches

patterns observed in previous studies. 86rber reported prolonged sensory

distal latencif;s and decreased sensory conduction velocities in t\;,O patients

\"ith clinically ohscrv,ablc signs of inorganic mercury intoxication (3). VrOOI'l



and Greer demonstrated slOl'led median sensory conduction volocity in addition to

other abnonnal electrophysiologic results in subjects with exposure to

elemental ~ercury (4). The present investigatio~ demonstrated significant

correlations betvleen prolonged sensory distal latencies and slov/ed sensory

conduction velocities and urine mercury indices. Thus, these findings continue

to support the hypothesis that el emental mercury can produce measureabl e

effects on peripheral nervous system function.

Employees vlith disorders associated with polyneuropathy v"ere excluded to

the best of our ability. Particular attention vias given to alcohol ingestion

because of its known association with peripheral neuropathy and because of the

possibility of a potentiating affect of alcohol in mercury similar to that seen

with arsenic (23). Employees were assured of anonymity and two different

questionnaires administered at different times, as \I/el1 as direct questioning

by the neurologist, ~'iere lJsed. to assess or quantify alcohol consur;Jption. A

large number of individuals had either never used alcohol or had used it on

only a fev/ occasions during their lifetime. This ,I/as in part related.to the

geographic location of the plants and the social norms for those regions. A

smaller group of individuals admitted to using alcohol less then once per \tleek,

typically in social settings, and characteristically less than two drinks. All

of the correll.::ltion studies as \I/e11 as the age and sex matched control studies

used only individuals in the above categories. The responses from both

questionnaires correlated highly and the instrument was felt reliable. Sevenl

eioplGY'.:'cs !~nmm by the. plant physiciJn to <louse alcohol \'iet'e rOi1dily i<tentif~ect

by the questionnaires and excluded from the study. Long standing cOll1pany

records regiH'ding absenteeisl:l existed and \I/ere available to the rlJnt physicLlI1

in irlcntifying potential alCOhol abusers.

,e;-



The use of the urinary mercury indices in predicting body mercury levels

has been reported previously (12). Because of 1ittle correl ation bet'rleen spot

sample urine mercury concentrations and neurologic, findings, urine mercury

1evel s integrated over time \'Jere used (19). The program of removi ng vJOrkers
't

with spot urine mercury sample levels exceeding 0.50 mg/L resulted in

relatively lO'tI exposures. Although urine mercury concentrations greater than

0.50 mg/L may be associated with central nervous system toxicity (l7, 19), the

present data do not demonstrate substantial differences when considering urine

mercury concentrati ons exceedi ng 0.25 or 0.50 mg/L. Thi s observ ati on offers

little support for a threshold effect in the peripheral nervous system.

He conclude that elemental mercury exposure is associated with a

clinically significant sensorimotor polyneuropathy even under conditions of low

exposure as measured by integrated urine mercury indices. \tie further concl ude

that the degree of neurologic il'1painnent is related to the magnitude of

expos~r~, although only mild sensorimotor polyneuropathies were identified when

vlorkers '!'Iere removed from exposui'e follo\ving monthly urine mercury spot samples

exceeding 0.5 mg/L. Electrodiagnostic studies are compatible \'/it!l an axonal

dy; ng back poiyneuropathy affecti ng pt'edoi:linantly sensory fibers consi ste'lt

i'lith simil ar observations in other exogenous heavy metal toxins such as at'senic

(24).
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Table 1: Exposed and Control Group Statistics

Uri ne i~ercury

(mg/l )
Height

(inches)
Weight

(pounds)

Group Average Std. Dev. Average Std. Dev. Average Std. Dev. Average Std. Dev .

Exposed
(n = 77)

Control
(n = 61)

.151

.019

. 127

.036

34.2

33.5

10.2

10.0

70.3

69.9

2.9

3.2

182 32.3

176.1 32.3

Total n = 138



Table 2: Correlation of Urine Mercury Indices and Other Indepenrlent Va,iables

Uri ne i~ercury Index Age Height Height Alcohol Intake

Spot Sample - .02 + .03 0.00 + .06

3 month average .05 + .02 + .01 + . 03

6 month average - .11 + .04 + .05 + .01

12 month average .06 + .05 T .06 0.00

24 month average + .01 + .06 + .08 0.00

36 month average + .05 + .07 + .09 .03



Table 3: Comparison of Semi-Quantitative Sensory Examinations (1) for Subjects with
tlomal versus Abnornlal (~1ild Sensory Polyneuropathy) Clinical EXaf'linations.

Clinical Neurologic Examination

Semi-Quantitative Sensory Test

Vibration sensation (seconds)

Hand
Foot

T\~o point discrimination (mrn)

Hand
Foot

Touch (log fI1g)

Hand
Foot

1. Mean + S.E.t1.

5i gni ficance 1evel of di fference
*** p < 0.001
** p < 0.01
* p < 0.05

Normal

(N = 120)

0.3 + 0.1
3.2 + 0.1

4.1 + 0.1
19.0 + 0.4

3.42 .,. O.
+ O.

Mild Polyneuropathy

04 = 18)

1. 7 + 0.5***
6.1 + 0.5**

4.8 + 0.2***
21. 9 + 0.9**

3.68 + 0.3
3. 86 j 1]. 3:~*



Table 4: Observed Frequencies for 138 Workers Classified by Clinical and
Electrodiagnostic Evaluation

Clinical Neurologic Examination

Electrodiagnostic Evaluation

Normal

Mild sensory polyneuropathy

Normal

107

7

Equivocal (l)

7

2

Abnomal

6

4

f·1odera te (3)

o

5

1. Two abnormal conduction value~, normal EMG.
2. Three abnomal cond.uction val ues or abnormal Er'1G.
3. Three or more abnormal conduction values and anormal EMG.

;z f\,...j
;,'



Table 5: Comparison of Results of Nerve Conduction Studies (1) for Subjects with
iJomal versus Abnormal (i'lild Sensory Polyneuropathy) Clinical Examination.

Cl inical Neurologic Exar:lination

Nerve

Normal r,1i 1d Polyneuropathy Normal

( iJ = 120) (N = 18) val ues (2 )

Ul nar motor

amplitude (mv) 9.2 + 0.2 9.8 + 0.4 11. 6 + 0.2
conduction velocity (m/sec) 62.0 + 0.5 60.0 + 1.4 57.0 + 0.4
di stal latency (msec) 2.8 + 0.02 3.0 + 0.09 * 2.8 + 0.02

Peroneal motor

ampl i tude (mv) 6.5 + 0.2 7.2 + 0.8 6.4 + 0.2
conduction velocity (m/sec) 48.0 + 0.3 48.0 + 1.2 50.0 + 0.4
di 5 tal 1a tency (msec) 4.6 + 0.06 4.6 + 0.16 4.6 + 0.04

Ulnar senso)"y

amplitude ( 11 V ) 22.0 + 0.8 19.0 + 2.6 32.0 + 1.2
distal 12 ~2ncy (ms"rl 3.3 + 0.02 '") h + o.l2** 3.3 + 0.04l. ....... , ':"_ J

~led ian sensory

amplitude (uv) 27.0 + 0.8 21. 0 + 2.0** 38.0 + 1.2
conduction velocity (m/sec) 62.0 + 0.4 58.0 + 1.9** 61.0 + 0.4
distal latency (msec) 3.2 + 0.02 3.6 + 0.16*** 3.3 + 0.03

Su ral sensory

,1I'Ip1 i ttl de (uv) 16.0 + O.S 13.0 + 1 <* 17.0 + 0.0. ..,

di 5 ta1 1J tency (l!lSec) 3.G + 0.03 3.9 + 0.13*** 3.7 + 0.0

1 .. :·12,) n + S. i_= . (.1..

2. ~Jomal values for laborJtory (Albers, J. IL, \~illcll1s, \'1. J., unpllblistled)

Significance level of difference
*** p < 0.001
** P < 0.01
* P < 0.05



Table 6: Comparison of Urine Mercury Indicies (1) for Subjects with Normal Versus
Abnormal (i'li1d Sensory Polyneuropathy) Clinical Exar.lination

Clinical Neurologic Examination

Urinary, i1ercury (Hg) Index

Average urine Hg (mg/L) in previous:

1 month (spot sample)
3 months
6 months

12 months
24 months
36 months

tio. of months> 0.25 mg/L in previous:

Normal

(N = 120)

Group average
uri ne mercury
(mg/L)

0.10 + 0.01
0.09 + 0.01
0.10 + 0.01
0.09 + 0.01
0.08 + 0.01
0.08 + 0.01

Mild Polyneuropathy

(r! = 18)

Group average
uri ne mercury
(mg/L)

0.13 + 0.03
0.13 + 0.03
0.14 + 0.03
0.13 + 0.03
0.12 + 0.02
0.12 + 0.02*

6 r:1onths
12 months
24 man ths
36 monttls

No. of months> 0.50 mg/L in previous:

o. .., :1 1 l. :J 0.5*! I..i •

1 .., + 0.2 2 Q 0.3*.L • ...) .-' T

2. 4 + o J. 5. 1 + 1. .1*

3.1 + 0.5 6.2 + 1 q*.,-

6 months
12 months
24 months
36 months

1. Mean + S.E.N.

::Ji c;ni ficJrlcQ 1evel of di fF'."}renc0.
* p < 0.C5

;;;~ ,""'"
J-J

0.2 + 0.1
0.3 + 0.1
0.5 + 0.1
0.7 + 0.1

0.3 + 0.2
0.7 + 0.4
1.3 + 0.5*
1.7 + 0.7*



T(lI;]~ 7: CO\'l'ehtinn of Subjectivfl GI'iHlin'ls i1nd Ilrine MerC:UI'Y Indices

Ut'i fie r'~h'C,J "Y
(i' ']) J rJ ,;t;':

r"I(:rJ }" Ilrille
I~ 'J (ill] / L )
i n r .. r- (: '.' i () us·___ 1....

1 ifI() Ti 1.! ,
(sPCJt ':,u:'iJl £:)

3 IrJ.dl t tiS

() l'.Iijllth',

12 1I,IJf'U,-,

?~1 i[l(.dl th~J

~~G jlll,.ill ttl:...

: ~ '~J. (J f rj\~) r! t rIS
. t[; li'J II

J.!~_1_1!:_,' i ~!~!_s_: __

f, IliCJI,Lk,

12 Ill,,!, til',
2!; lI1e):; t h '.,
Y,II,(,lltk,

r:f). G f 1:'(>llthe,

• '> U i:"J:' L
i I: 'Jr-f", i ("i', :.. , ".J ." .. , ...._

C ril!,li til',

12 lIil,f1 t I,',
2~ I:'l, r, ti I '0

~(, Ili',l: t h',

lJi br"ii t ion
Su,si t i vi tj
(!Llnd)

-.02
_ • 1-'; T

- . 12
-.1/''''
_.22";­
_.2jTT*

-. 12
1,)

". J

- .19 d

_.22 r f:r

- .14'"
-. c2 ~,.,,*

_ -)~_;f *J-k

, ',J ;-;-;- ;-
-. '-+.J

Vil'I',}Lion
Sensitivity
( Fe,,) t)

- • 11
- . 16*
... 12
- • 1[, *k

-. 1H**
_ .1 ,; k+.

_.21"*
_.22*"'''
_ • " 7;-'"
_ • 1f~ J..*

- • Ol~
_.l~~r_*

_ . (I; r. k r
') '.j r * J:

- • L. I·) ,

Oistal
St.l'e ngt. h

_.27 kHk

_.21 kkk

-.14
- .14
-.15 *
-.05

-.21*"'*
_.24*"'*
- .12
- .10

- .12
-.25***
- . 15 *
- .13

lIypothendr
SLI'cll'jLh

__ .17 kk

-. HJ
- .en
-.03
+. Or')

+.Oll

-.06
-.14*
- •Of~
-.07

-.11
-.10
- .01
-.002

Muscle
l3ulk

-.21***
_.17-**
- .12
- • 1/1 *
-.05
-.01

- . 16
1C>**-. (J

-.Oil
-.04

-.14*
-.28****
-.18**
-.13

Joint
Position
GI'eilt
Toe

-.17**
_.23'kk*

-.16**
-.20**
_ .17'**
-.'17**

-.23***
-.28***
_.22**'"
-.24***

-.14*
-.26***
-.26**-*
-.31**-**

Pin
Sensdtion

-.04
-.03
-.04
-.OS
-.06

0,-
-. J

-.05
-.07
-.09
-.08

- .01
-.03
- .10
-.10

S\'iea t i ng

-.15*
-.12
-.08
-.10
-.0;)
-.02

-.14
-.16
-.06
-.03

- .12
_.24***
-.15 *
- .11

Tremor

-.06
-.02
-.004
-.02
-.05
-,OS

-.05
-.04
- .01
-.002

-.03
-.02
- .01
+.02

Si'JnificrlrJu' 1r~\,r:ls:

p < .1(1

H p< JiS

"

-j., .... t

T+-1- Ir.

p < . (11

[J< .(J'Jl

..)3



Table 8: Correlation of Quantitative Test Results and Urine Mercury Indices

Quanti tati ve
T't1O Point Touch

Urine i'lercury Vibration Pin Sensation Discrimination (n = 48 ) Grip
(Hg) Index Hand Foot Hand Foot Hand Foot Hand Foot Strengt

Average Urine
Hg (mg/L) in
previous:

1 month .05 .05 -.12 -.11 .04 .10 .03 .05 .13
3 months .12 .08 -.16* -.11 -.01 .02 -.06 - .11 .13
6 months .08 .09 -.14* -.12 -.05 -.01 -.16 -.12 .11

12 months .11 .11 -.15* -.10 -.05 .03 - .11 -.10 .10
24 months 1h * .11 -.15* P -.01 .06 -.05 -.09 .13• -.J -. J

36 months .17* .12 -.05 -.15* -.03 .06 -.10 -.13 .16

No. of months
> .25 mg/L
in previous:

I) months .12 .17** -.13 -.15* -.01 .03 I'; -.11 ' .-. ~ • .Ll
1 " months .12 IP** -.13 _ 1 h;* -.02 .05 -.09 -.06 .09.lL . " • ..Lv

24 montils .15 .12 -.12 -~lG* -.03 n, ilQ -.10 .11.JI -.v ......

36 Flonths .17** .11 -.12 - .16* -.04 .04 -.11 -.15 1 ,~. .:...:::...

iJo. of months
> .50 mgiL
in previous:

6 months .06 .08 - .11 -.07 -.04 -.08 -.23 -.19 -.03
12 l110nths .12 .15* -.09 -.14* -.02 -.04 -.25* -.21 -.02
24 months .26*** .17 B -.15* -.16* -.05 .02 -.23 -.22 .01
36 1I1onths .31**** .17** -.17** -.11 -.05 .01 -.23 -.25* .04

Significance levels:
* p < .10

id< P < (" ..-.ll::>
':** p < •CL

**** P < .001

JL-\



Table 9: Correlation of Urine Mercury Indices and Electrodiagnostic Variahles

Ulnar lieI've I'led i il n rle I've SUl'al rlerve Pc ('rjnc a 1 ;1(: r-ve
Uri ne I'~e I'(~ cI r y
(lIg) Inde.x

Sensory nel've
I\ction F'otential

Sensory Distal
Latency

/10tor
Di s ta 1
Latency

11otor
Conduction
Velocity

Sensory Nerve
I\ction
Potential

Sensory
Dis ta 1
Latency

Sensory
Conduc t. i on
Velocity

I\ction
Potential

Distal
La tency

t.ction
Potential

ri i 5 ta 1
Il!.enc 1

Ave I'a ge lJ I'j ne
fig in pre'lious:

3 months 1- .07 .14 * .05 .01 I -. '12 .24*** - 0 1B** -.07 .07 .10 - JJ2

6 months I - .06 .11 .03 .03 -.10 .20** - .13 -.06 .03 .15 * -.05

12 rr,cHlths I -. 09 .18** .06 - 0 01 -.11 .21 ** -.18** -.10 .02 .17'" -.06

24 months I - .10 .15 * .01 .07 -.10 .17** -.17** -.14 .05 2' .. -.: ... - . 13• I

36 m(Jnths 1-. 11 .12 -. 01 .12 -.09 .12 -.14 -.16* .06 .?2'd( '* -.13

Significance levels:
* p < .10

• * p < .0:,
~ .. p< .01

~s-·
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