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Mercury excretion and occupational 
exposure of dental personnel 
Jokstad ercur ·xcr ti n and cupati n~tl exp urc f dental per nnel. 

mmunity Dent rul ·pidcmi I I 90: I : 14 - 8. 

Ab tract - Al th annunl ngrcs cs r th • N rwegian Dental A cia ti n in 1986 
c ndu ted to assess th· significance r p rcn tial · urces r 

mercury expo ure. rning urine amples and que Li nnaire , ere c lie Led from 
672 participanlS in 19 6 and 27 participant in I 7. The mean alue of the 
urinary rnercur excrcti n, ere 9 nm 1/ L ( = -9) in I 6. and 4 nmol/L ( D = 
36) in 19 7. The excretion alues were rrelntcd to the answer 
upplicd from each participant. The data was anal zed u ing A • multiple 

clu silic01ion analyses, ;ind Pen rs n corrcl:11ion. The co rrela ti n · between environ
ment and practice ·harncteristics and th· mer ury excreti on val ues re onfi rm in 
general results from previous investigations. In addition. th· data indicate that 
urinar mer ur e crcti n may be gender d •pendent and that the re I rativc tatus 
f the participant · ntributc t the dail mercury po ure. nrc er. the ex re-

ti n c rrelate 11 t nl 10 the number f pla d re t ration per week. but al to 
the num er of p Ii h d and repla d amalgam restoration per, e •k . Participant 
, ork in in en ironment wi th , ooden n rs had signilicantl higher mean mercur 
,li lies than ther den tal pers nnel. Eleva ted me rcury val ues , ere nl observed for 

parti ipunls w rkin, in clinics, ith installed umu lgarn separato r · r th r fil tering 
devices. The pos ibilit_ thal the torage of c 1lec1 d scrap amalgam and mercur 
fr m the filtering devices increa ·e the mer ur ap r in 1he w rk en ir nmenl 
warrant · further investigation. 

The re lati n hip betv een mer ury exp -
ure and the urinar mercur excreti 11 

, a a ·. e ed io a ur e n on egian 
dental pcrs nnel c ndu ted in 19 6 (I). 
In general. the finding · c tT b rated pre
vi us survey n mercury exp sure or 
dental p rsonnel (- ). 1-1 wevcr. some un-
xpected ob rvati ns n the relation hip 

between urinary mercur x retion and 
clinical practice characteri ti were 
made. The urinary mer ur le el , ere 
elc ated in tbc samples from some pani
cipan t working in en irnn ments with 
lric t me rcury hygiem: regi me · and pli

mal flice equipment. The high levels 
c uld n t be related t ntributi n· 
fr m the diet or the dental ·tatu · of the 
participants. Thi. c uld ·ignif that p -
sible exp sure sources in the dent.ii lini 
remained to be idcntili ·d . urlherm re, 
v:triu tions in the urinar mercury va lue · 
could be related to gender and to the 
denta l statu of Lhe participan t . It wn 
p ible that the finding were the re uh 
of mere tati tical incid nee. r innu
enccd b a bia in th ele ti n r on e
gian dental per nnel. Th . ur\ley wa 

1hercli re repea · 87 in order t 
c ntr I~ r th tcra tion . and 
to gain a bet interpretali n 
f the b ·erv· 

Materials and methods 

The method · ical in 1986 
and in I 7. at the annu-
al meeting D ntal 

·a1i n in were in ited 
tak purl in an a c ment f th ir 
upa tional mercur c ·po. ure. A 25 mL 

plastic contai ner and u questionnaire 
c 11 ·isting of quc ·ti ns related to p r n
al und envir nmentul ·huracteristic wcr 
·upplicd prior L the meeting. The que ·. 
ti nnairc and meth d I g , ere deri\led 
largely fr m the Health ssessment Pro
gram c nducled at th annual sessions 
of' the America n Denta l Ass iation (3). 
The questionnaires and urine samples 
were llccted at the annual meeting:.. 
The parti ipant · had be ·n in tru ted t 
pr \lide m ming urine sample t reduce 
the elTc t · of dail nu I uati n of e ·creted 
mcrcur (4). All ample wer immedi-
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ate! refrigerated 10 - ➔ • and kept c 
until I h before analy is. which was per
Ii rmed at ro m temp ralUre. 

Th mer ury ncentrati n in the 
urine were determined I ithin 2 we k t 
u direct cold vapor m ' l h d (5) by meun · 
or a modified D mercury 111011i1 r 
m dcl !_05 . ntr I urine amplcs c n
taining _-o nm Il l were added t the 
te t eric at inter ul for calibrnti n f 
the apparatu . Th preci i n has been 
reported els where ( ). The detccti 11 

limit is b low I nm 1/ L. T he test series 
were a nal zed twice when possibl . Thi.: 
pceilic gra it ofurin1: wa measured b 

, ighing for adju tment r Lhe mercury 
values t the urinar n · ntration. (7). 
The urinar mer ury alues u ed in 1hi 
rep rt are in the I unit : nmol/L (" 11111 I 
L = I µg/ L). 

An anal si or varia n ·i.: wa applied t 
d tec1 any differen cs I etwcen the . am-
ple fr m I and fr 111 1987. The stutis-
. · ~1a1i hips bet, cen the urinary 

• a the ariablc · in the qucs-
e determined with the ta 
111 the ordinal and n min:tl 
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va riables, and the Pearson correlation 
coefficien t for the interval varinble . A 
multiple clas ification analy. i. (M A 
analysis) \ as in addition used for s m 
or the ariablc L a ·ses · the relationship 
while compensalin for possible inter
variable effect . · i!Terence be ween the 
ubgroup of ea h variable were com

pared with 1udcnl- ewrnan/Keul le t 
nl the 0.05 significance level i r a ne
\ ay ana ly i or va riance (A VA). The 
stutis tica l ana lyses were perf rmed fo r 
each sample and n a pooled sum 1 I . 

Results 

he survey included 672 individual rr 111 

1200 de legates at the Nati nfl l Dental 
·s iation meeting in 1986. The survey 

in 19 7 included 96 repeating partici
pant and 177 n w individuals fr m 560 
dc leg,lle . Of the 849 individ uals. 92% 
were dentists (11 -= 782). These dentists re
pre ent approximate! 20% or all active 
d 111ists in orway. The mean ;ige , a 
4 yr (SD= 10). ar ing fr m 22 l 75 

r. Th mean length r the work experi
n c was 17 yr ( D= 10), va rying be

tween O yr and 52 yr. 68% of the partici
pant , ere mule·. The demographic con
figurati n of the denti ts' ubgroup in 
the I\ o ample wa imilar I the gender 
and mean age distribution and the geo
graphic disLribu ti n r Norwegian den
tist · (8). 

The mean urinar mercury aluc for 
Lh · 19 6 sample was 39 nm I/ ( D= 
29) in 1986. an I 43 nmol/L (SD = 3 ) in 
1987. 0111p~1rcd I pr vious mca ure-
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Fi,:. I . Distribution or 
urinary mcrcur) I •,·cl 
from orwegian dcnlitl 
per onnul (11 = 945). 
mulched wilh v;tl uus f 
a sa mple or the general 
population in orwar 
(11 = 146), 

□ 
□ 
■ = 

General Norwegian population 
General population and dental personnel 
Dental personnel 

rncnts (Table I ), these va lues seemed 10 

be ood populati n e Li mate of the uri
nary mercury excretion from r.vegiun 
dental personnel. The di tributi n of the 
urinary mercury level in the tw ample· 
is matched with the values of a ample 
r the general p pulalion in onv,1y in 

Fig. l. or the participants 5% had mer
cur level greater than I 00 nmol/ . 

Th relationship between the en iron
menl und practice characteristics and the 
mercury excretion va lues observed in the 
!986 study (I) wa in general confirmed 
in the sample fr m the meeting in 19 7 
(Table 2). The tw amples were th r -
fore po led for the sub equent analy es 

to gain a better basi · ~ r the stt11is1icu l 
iutcrprcrn tion f the ob crvati n . The 
mean mcrcur_ value , a lower J'or the 
female (40 nmol/L) than for the male 
pani ipunts (44 nmol/ L . The mean f 
the ~ mal ' dentist· dec reased to 38 1111101/ 

L after excluding a ub. ct f femal den
tal a istants with high mercury le cl . 
Thi gender dif1erencc wa stati tically 
significan t (P<0.05) r nhe mean value ·. 

The 11 umber of pn1ctice hours per 
week c rrelates a t the P < 0.001 level with 
r=0.18. A breakd \ n f the mercury 
value by practice hour per week and 
gender h \ a di similar pattern in uri
nary mercury levels for the male and • 
male participant ( ig. 2). 

Table I. Mean urinnry mercury values measured on orwcgia n dental personnel in dilTcrcnt The l lal and the num er f cclu ul 

amalgam r toration r the resp nd 111 
correlate at the P <0.00 1 level.\ ith r= 
0.14 ( ig. J . Neither the length or w rk 
experience nor the yea rs in the cuncnl 
offi c hcility correlate with the urinary 
mercury levels, but the participant with 
less than 5 yr exp ricnc had a signifi
cantly higher mean m rcury aluc in 
comparis n with the other panicipant 
(P < 0.05). The age or the pa.nicipant cor
relate rit the P < 0.05 significance level 
with r=0.05. 

counties (include all employees in the public dcnwl hcuhh ervice in 1hc county), and individual 
cuscs from the , hole country (volun1eers and indi idu:1 I samples) 

Per onnel Mo.i n Percen tage with 
'o un ly Year II type 11111 01/ < 100 1111101 /L 

. lo 1973 32 I enlist 90 80% 
33 /\ssi 1:1111 I 0 60% 

rondclag 1976 43 All 0 90% 
0 lo 1976 24 Dentist 50 90% 

. 11 rdala nd 1979 14 All 50 85% 
N. 11 rdaland 1980 22 All 45 95% 

. Hord:tland 1981 19 All 30 95% 
ppland 11)81 59 11 6% 

M - rc 19 I 96 All 40 5% 
1-lordalund 19 5 -14 All 38 93% 

Norwuy 1974 106 All 60% 
Norwuy 1975 74 All 100 50% 

1982 239 All 43 90% 
amph: I) 1986 672 All" 9 96¾ 
ample 2) !Q87 273 All• 43 94% 

The participants \ ere identified a 
d mi t . students, hygi ·nisLS. assistant . 
or specia lists. The mea n urinary mercury 
values differed am ng the work ate
goric, (P< 0.00l)(Fig. 4). DentisL~ in pri
vate prncticc had a higher mean mercur 
value than dcnlist employed by the na-
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)40 Fig. 1. rina r mercury 
level b number o 
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ic each week. and b 
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Table 2. Signilicancc or di!Tcrc111 cnvironm •111 and prac1icc charac1cristics on 1hc urinary mer ur 
excretion ,tl ucs obs·r cd in 1986 1ud column l). Mcasurcd by anulysi r Vllriuncc or 
subgroups. muh1ph: c:111 . ific::ition annlysis of the uriancc I correct for inlcr urit1blc c rrclaLion. 
and on can nical corrcla1ions. Identical mcasurcmcn1s for the ,•ariablc in the sum1llc fr m 19 7 
(column 2) 

ariablc · 

Participt1111 c/rara wri.,til-. 
cogrnphic location 

Per. on net c111egory 
o. rcs1om1i n. 
o. clusul rcs1ora1ions 
ender 

\ ork c,pcricn c in ;imc clini 
g 

Work c pericncc in years 
Pre i u con1r I of urinary mercury 
Eating/drinking habit during work 
Weii;hl 

m king 
Weekly lish consu111 ption 

Working e11 11irm111 ie111 
Floor overing 
Duily/wcck l cleaning pr ccdures 
Volume of cl inic 

. of employees 
clinicians sharing clinic 

Venti lation ystcm 
g · of clinic 

Volume of omcc 
Healing s stem 

Working clwr11c11·ris1icl 
11 ur I ork per week 

. poli hcd rcs1or.:nio11 per week 
o. n •11• placed re tomtion · per w~-ck 
o. removed rcstormion per wed, 

lnstallcd •. 1malg11rn scparal r n unil 
Method for tri1uru1111g amalg:1111 
Meth cl for condcn ing amalgam 

1 rage or 1 :i tc amalgam pr duct 
lnstullcd vacuum cjc lor on unil 

-. no effect.+ .. ligh1 cffcc1. ++. strong cffe ts. 

19 6 

++ 
++ 
++ 
+ 
+ 

+ 

++ 
+ 
+ 

+ 

+ 
++ 
+.,.. 
++ 

19 7 

+ 

+ 
+ 

+ 

ti nal dental health ervi e. The M 
analy ·i a ·rihcd this relation hip I a 

m inati n f rn r practice hour:. and 
an in rea . cd pr p rt ion of restoration 
placed per week b. the pri ate dentists. 

Th age of the clinic did not c rrelate 
wilh the urinary m rcury level . weak 

rrelati n I a ~ und b tween the vol
ume r 1hc lini . . and the mercury I vel 
(P < 0.0 . r = 0.06). The typ of heating 
did n l eem to have any inOuence n Lhe 
mean value . p s ibl. becau e the urve 
wa. condu ted in the la te ummer. The 
par1icipan1 working in offices , ith cen
tnil :ii r onditionin had l wer mean val
ues than lh e w rking in ffices with ut 
su h uni ts (P < 0.05) . The resu lts inuicc11-
ed a r• lationship between the type f 
n ring ·ind Lhe urina r mercury (Fig. 
). Parti ipan t: w rking in linics with 

1 den n rs had ignifi anti higher 
alues than the ther gr up · P <0.05). 

The meth d ~ r cleaning the ffice 11 ors 
did n L innuence the urinar mercur . 

Fig. 6 h01 the relaLi n hip betwc·n 
th prevalence f ariou amalgam pr -
• durc · and the urinar mercury level.. 
The numb r of new re ·tom Lions. re
pla cd n.: ·t rati n ·• and p Ii hed restora
Li ns per , eek c rrela te a I the P < 0.00 I 
I ·v I. 1 ith c efficients f r=0.-1. r = 
0.17. and r = 0.17. cveral clini al vari
abl · fail d l inOuen ·c Lhc urinary mer
cur le els: technique f r 1ri1ura1ing r 
c nden. ing amalgam, typ of alloy cap
su les. I pc of . ucti n stem on the unit. 
and pro cdurcs for di po ing of u ed 
apsulc. , 'Xcess c ·pressed mercury or 
·arvccl ama lga m. or rcmo eel old restora
li ns. n th th r hand. the participnnLs 
wi th ama lgam separators or other filter
ing de i cs c nne ted 10 Lh uniL had 
elevated me.111 urinary mercury value. 
(P < O.O } ( ig. 7). 

Discussion 

It i clear that dental personnel arc ex
po cd to . mall ,1 moun1s of mercury va
p r in th ir working en ironmem (Fig. 
I . Ith ugh the m ·an alue of 40 nm I 
L i mea urcd n v lunte·r and mo!>tl 
demi, rep ate ·imilar 
'. Lim· uri ur excre-
ti n t:tl pcrs nnel (Table I). 
mean urinar mercury ex reLi n r 40 
nm I/ in orweg,1an dentists is higher 
than that for wedish dentists (20 nmol 

} ( 10). nea rl identica l LO tha t in a recen t 
stu ly in Finland (3 11111 1/ L) (11). but 
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Fig . 3. Variation in mean 
urinary level b rc..~p n
dcnl's amalgam stutus. 

I wcr than the val ues r ·ported in .in 
Ameri an tudy (70 nnml/L) (J). Th re
lationship between the urinary merc:ur 
levels .ind evcral clinical variables orre
sp nds in general to prcviou r ports, 
and n cquentl onl reconfirm the re• 
: ult. in thee tudie . me bscrvations 
in the pre enl study do, however. merit 
particular appr:ti ·al. 

(ales and female hawed diITe renl 
urinary mercury levels .it presuni-1b ly in-
rea ·ing mercury exp sun:· (Fig._), Thi 

difli ren e c uld al o be b rved after 
an M /\ anal ysis or the varia nce. whi h 
al o con ·idercd l>thcr working characler
i tics. The urinary 111 rcur value in
creased wi th the number of hours spent 
per week in the clinic for the who l · group 
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and~ r the male participiint a ·xpectecl, 
but nol to r the fema le . The mean va lue. 
for the females remained relative) con-
tant. and or them t part le than the 

male part ici pants. especiall y at the higher 
exp . ures. There may be ·everal e ·plana
tion . for thi b ervati n. It i p ibl 
that the mercury level in mornin urin 
ample may n I rcnect the daily urinary 

11ercury clearnncc for female a it does 
fo r males ( 12). Fu rthermore, urine sam
ples fr m females may be more pr ne to 
bacterial c ntamination. \ hich may ha e 
ca used reduced mercury leve l~ in the 
samples ( 13). There arc al o factors af
fccLins the mercury excretion kinetic 
which were not ussesscd in the present 
stud y. e.g .. smoking hnbils and alcoho l 

T T 
I 

~ 
6 ag 34 B64 18 

Fig . ./. Relation. hip be
tween l1 rim1 ry mercury 
levels and dental pcrson
nd catcg ry. Studont Spoe1oll1<t Hy91tn11t Dontlot .Anl•t•nt 

consurnpti n 14). The <li ·parit ma . on 
the ther hand, signi fy 1. lwt mercury ex
creli n kin Li i gender variable. Prcvi -

u invcstigal r · disagree about g•nder 
difference~ in urinary exc•c tion in studies 
of unc ·po ed popuhtlion ample 
( 15- 17). This di. agreement may partly be 
<1l tr ibu ted to the er roneous co111 1x1rison 

f creatinin -c m:!cted urinary mercury 
value . DiITercncc of mcrcur .1ccum
ula1ed in hair lrnvc been r •p rtcd. indi
cati ng separat excrete r kin tics fo r 
ma (es and fem a le ( I ). /\ It hough the uri
nary cxcreLion vary will, gender, it re
ma in to bes lvcd wheth ·r this is due to 
le absorption in Lhe lungs. di ·similar 
dail nuctuati no mercury in the uriD . 
or an actual cliff rence of' urinary mercu
ry excretion kinetics. 

Since it wa · a ·urned thut cl ntul per· 
·onncl · uld corrcclly ns ·ess their own 
denta l statu . the questionnaire included 
questi n of th amalgam ·wtu · f the 
respondent. Appr ximulely 900 f the 
participant had su1 plied informati non 
their cl ntal tarns, and thi rcprc ents 
lhe largest sample in the litcrnt ure where 
the amulgam status correlate to the uri
nary mercury ( · ig. 3). It is uncertain to 
wha t d gr e the abrnsio n of amalgam 
re Lorati n c 11tri ute I the daily mer
cury burden r th body ( 19). The re ult 
do. however, supr rt prcviou findings 
that there i an us iation between the 
amalgam ·tatu · and the urinary mercury 
excretion (20. 2 I). 

Several investiga tors lrnvc es tima ted 
the influence r the no r ·urface in the 
cl inic on the urinary mercury. Although 
the conclusion vu ry in the different sur
veys. the author concede that it i i1111 r
tant t choos a urface that allows de
contnminution (2). arpe ts in the dental 
clinic should therefore b avoided. The 
participants in thi tud I rking in clin
ics with ca rpets did not huve an eleva ted 
mean urinary mercur value (Fig. . On 
lhe ther hand, high v.tlue. \ ere ob
served ror those work ing in cli nics with 
wooden lloors, rrcsumably becau c of 
mercury accumulation in ·urfo c de
fects. onscqucnt ly. wooden n ors in the 
dental clinic are n I to be recommended. 

The number f amalgam rest ration 
placed per week is an indirec t mea~urc r 
the frequency or clinica l procedures with 
e po urc for mercur apor (3). A corre
lation between this v,triablc and the uri
nary mercury was theref re anticipa ted. 

more unexpected finding wa Lhal the 
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Fig . 5. Relationship be
tween urinary m1:rcu ry 
levels and noor cov
ering. 

Fig. 6. can urinar_ 
mercury levels and 
number of operat ive 
I roceclu res invol ing 
amalgam each week. 

1-i/:. 7. Relalionship be
t ween urinar. mercury 
level and use or ama l
gam scparnlors or other 
filte ring devices on the 
unit. 

week ly number ( fr placed and polished 
ama lgam re !orations were :ilso corre
lated wit h urinary mercury (Fig. 6). Thi 
was valid a fter the A ana lysi . which 
took the re lationship between these three 
variables into account . It is possible that 
the increased va lue relle t the mercury 
vapor genera ted near the operative zone 
be au e or heat. und the producti n or 
sol id pa rti les (22). 

T he urinar mercur va lue were high
er r r the parLicipants who rep rtcd that 
they had .. separators" installed in their 
c!ini (Fig. 7 . T he M A analysis re
vea led that these participants did not dif:. 
fer from the other on any th..:r cli nical 
variable .. g .. the preva lence f weekly 
number of placed res tora tions. Since the 
questionnaire required the separator's 
product name, it c amc apparent that 
the "s parn to rs" were ordinary filters 
and few were true ama lgam separators. 
The removal of heated amalgam debris 
from suction fil ters r I resents an exp -
sure to mercu ry vapo r and the cxpo~ure 
increa es if the debri s from Lhe filters is 
di carded int o the trash 01ll't incr and 
remai ns th re for some time. Conse
quentl y remote ·ueti on unit s with 
closed-system fill rs are ad antagcous tc 
open assembli es wi th li lters that require 
periodical rin si ng. lt i difficu lt to explain 
why per nnel Wl rking in clinics with 
true a malg·1m separators had higher m r
cury le els than !her . P ssibly. there is 
a "coneen lrati n phenomenon .. of mer
cury vapo r in Lhe work environment 
si nce the mercu ry and amalgam debris 
usually is accumulated and stor'd in the 
cli nic before it is sent for recycling. The 
innuence or toring ontuminat ·d debris 
in the clinic on the mercury vapor levels 
shoul therefore be inves tigated fur ther. 
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