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Abs tract

Mer cury might be li be ra ted from den tal amal gam in to xic amounts for hu mans, which re -
pre sent a real health risk. This work pre sents the di rect de ter mi na tion in vi tro li be ra ted mer -
cury from amal gam sub mer ged in ar ti fi cial sa li va by cold va por ato mic ab sorption spec tro me try 
(CVAAS). Ar ti fi cial sa li va was pre pa red with KCl, KSCN, NaHCO3, NaH2PO4.H2O and lac tic acid.
The amal gams pre pa red with diffe rent types of tri tu ra tion: few (F), nor mal (N) and ex ces si ve (E),
were sub mer ged in 10 mL of ar ti fi cial sa li va in tu bes of 2.5 x 9.0 cm with cap and put into ther -
mos ta ted bath at 37°C. The to tal por tions of test of sa li va were took every 24 h the first three
days and then every three days un til com ple ting 30 days; mo ving away the car ved tooth of the
sa li va and sto ring this to 4°C un til their spec tro me tric analysis. The pre ci sion were eva lua ted
by mean of the Hg de ter mi na tion in 4 real sam ples, the re sults show ave ra ge RSDs less than
5%. The accu racy was ve ri fied by analyzing two cer ti fied ma te rials, com pa ring the tar get and
ex pe ri men tal va lues, and ob tai ning mean re la ti ve error less than 5%. Addi tio na lly, the re co very
stu dies were ca rried out, ob tai ning re co ve ries of 102 ± 2%. De tec tion li mit and cha rac te ris tics
mass were 0.30 ng Hg/L and 4.4 ng, res pec ti vely. Li be ra ted mer cury con cen tra tions found in
ar ti fi cial sa li va did not show sig ni fi cant sta tis ti ca lly diffe ren ces res pect to the types of tri tu ra -
tion em plo yed. CVAAS- ba sed method for the di rect de ter mi na tion of Hg in ar ti fi cial sa li va was
accu racy, pre ci se and free from in ter fe ren ces.

Key words: Ar ti fi cial sa li va; cold va por ato mic ab sorption spec tro me try; den tal
amal gam; li be ra ted mer cury; mer cury de ter mi na tion.
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Determinación de mercurio liberado de amalgamas
sumergidas en saliva artificial por espectrometría

de absorción atómica con vapor frió

Re su men

El mer cu rio pue de ser li be ra do a par tir de las amal ga mas den ta les en can ti da des tó xi cas
para los se res hu ma nos, lo cual evi den te men te re pre sen ta un ries go para la sa lud. En este tra -
ba jo se pre sen ta la de ter mi na ción di rec ta in vi tro del mer cu rio li be ra do de la amal ga ma su mer -
gi da en sa li va ar ti fi cial uti li zan do la es pec tro me tría de ab sor ción ató mi ca con va por frío
(CVAAS). La sa li va ar ti fi cial se pre pa ró con KCl, KSCN, NaHCO3, NaH2PO4.H2O y áci do lác ti co.
Las amal ga mas se pre pa ra ron em plean do di fe ren tes ti pos de tri tu ra ción: poca (P), nor mal (N) y
ex ce si va (E), se su mer gió en 10 mL de sa li va ar ti fi cial en los tu bos de 2,5 x 9,0 cm con tapa de
ros ca y se co lo ca ron en el baño ter mos ta ta do a 37°C. Las por cio nes to ta les de prue ba de sa li va
se to ma ron cada 24 h los pri me ros tres días y lue go cada tres días has ta com ple tar 30 días; re ti -
ran do el dien te ta lla do de la sa li va y guar dan do la so lu ción a 4°C has ta el aná li sis es pe tro mé tri -
co. La pre ci sión se eva luó de ter mi nan do Hg en 4 mues tras de sa li va ar ti fi cial pre pa ra das por
tri pli ca do y, los re sul ta dos mos tra ron DER pro me dios <5%. La exac ti tud se ve ri fi có ana li zan do
dos ma te ria les cer ti fi ca dos, ob te nién do se un error re la ti vo me nor al 5% en tre el va lor teó ri co y
ex pe ri men tal. Adi cio nal men te, se lle vó a cabo un es tu dio de re cu pe ra ción, ob te nién do se una
re cu pe ra ción de 102  2%. El lí mi te de de tec ción y la masa ca rac te rís ti ca fue ron 0,30 ng Hg/L y
4,4 pg/0,0044 s-1, res pec ti va men te. Las con cen tra cio nes en con tra das del mer cu rio li be ra do en
la sa li va ar ti fi cial no mos tra ron di fe ren cias es ta dís ti ca men te sig ni fi ca ti vas con res pe to a los di -
fe ren tes ti pos de tri tu ra ción em plea dos. El mé to do ba sa do en la CVAAS para la de ter mi na ción
di rec ta de Hg en sa li va ar ti fi cial fue exac to, pre ci so y li bre de in ter fe ren cias.

Pa la bras cla ve: Amal ga ma den tal; de ter mi na ción de mer cu rio; es pec tro me tría de
ab sor ción ató mi ca con va por frío; mer cu rio li be ra do; sa li va ar ti fi cial.

In tro duc tion

The pos si bi lity that mer cury (Hg) might be
li be ra ted from den tal amal gam in to xic amounts
for hu mans has been in di ca ted to be a health risk
(1-3). Amal gams are in fact mix tu res of va rious
subs tan ces used to fill ca vi ties and in clu de 45- 52
per cent mer cury, 30 per cent sil ver and small
amounts of zinc, tin and copper (4, 5). Se ve ral
authors have es ti ma ted the amount of mer cury-
 re lea sed daily from den tal amal gam res to ra tions 
in an in di vi dual (2, 6-8). The rate of re lea se of
mer cury from amal gam into sa li va and the to tal
and occlu sal sur fa ce areas of amal gam res to ra -
tions in an in di vi dual are po si ti vely re la ted
(9-12). Stu dies in the last de ca des have con fir -
med that amal gam fi llings re lea se mer cury va -

por into the air in the oral ca vity. The rate of re -
lea se is greatly exagge ra ted by chewing. Den tal
amal gams have been es ti ma ted to be the ma jor
sour ce of background (non- occu pa tio nal) ex po -
su re to mer cury va por

It was found that mer cury re lea se from fi -
llings in crea ses dra ma ti ca lly by 15- fold whe ne -
ver the fi llings are sti mu la ted by chewing,
brushing, hot fluids, bru xism, etc. (4). Other in -
ves ti ga tors have wor ked using so lu tions of ar ti -
fi cial sa li va for de ter mi na tion of mer cury and its
re la tionship with den tal amal gams (13- 15). For
fur ther in sight into the re la tionships bet ween
amal gam fi llings, mer cury con cen tra tion in the
sa li va a lar ge-sca le field study using sa li va
analyses was ca rried out (13- 15).
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The form of mer cury re lea sed is sig ni fi cant
with res pect to its po ten tial to xi city (2). The mer -
cury is an ex tre mely to xic me tal; it is over ly the
most dan ge rous en vi ron men tal po llu tant, not
only for the gra ve ness of the ill nesses that cau ses, 
but for the irre ver si ble effects that it pro vo kes in
the hu man be ings (16, 17). The mer cury is
broadly dis tri bu ted in the at mosphe re and its to -
xic effects are known from the be gin nings of the
ci vi li za tion (17). The to xi city of the Hg is ob ser -
ved for the most part of the hu man vi tal sys tems
such as ner vous cen tral, re nal, di ges ti ve, re pro -
duc ti ve and breathing (18, 19).

Nu me rous analyti cal methods are cu -
rrently avai la ble for the de ter mi na tion of Hg in
bio lo gi cal ma te rials, which are ba sed on se ve ral
te chni ques such as ato mic ab sorption spec tro -
me try (7, 16), in duc ti vely cou pled plas ma mass
spec tro me try (20- 23), high re so lu tion li quid
chro ma to graphy (24- 26), and cold va por ato mic
ab sorption spec tro me try (CVAAS) (23, 27, 28-
 37). Howe ver, the lat ter is pre fe ren tia lly em plo -
yed be cau se of its ex tre mely high sen si ti vity, the
ab sen ce of background at te nua tion- type spec -
tral in ter fe ren ces and the re la ti vely low ope ra -
ting costs (33). Mea su re ment of Hg by CVAAS
re qui res oxi da tion of the con co mi tants (i.e., or ga -
nic and inor ga nic) pre sent in the samp le to li be -
ra te the analy te ele ment from its che mi cal bon -
ding; hen ce, a sin gle la bi le mer cury spe cies (i.e.,
HgII) is pro du ced; be ing af ter wards re du ced
quan ti ta ti vely to Hg0 for spec tro me try eva lua -
tion (assu ming that vo la ti li za tion losses of mer -
cury are eli mi na ted) (33).

In this work we pre sent the analyti cal
method for the di rect de ter mi na tion of in vi tro li -
be ra ted mer cury from amal gam sub mer ged in
ar ti fi cial sa li va by cold va por ato mic ab sorption
spec tro me try. Ar ti fi cial sa li va samp le was di rec -
tly reac ted with so dium te trahydro bo ra te
without any pre- treat ment to ob tain the mer cury
spe cies re qui red in the re dox reac tion, which is
the che mi cal prin cip le of the CVAAS te chni que.

Ex pe ri men tal

Ins tru men ta tion

A me cha ni cal amal ga ma tor Vi va dent Mo -
del Si la mat S4 (Schaan, Liech tens tein, Aus tria)
was used for the tri tu ra tion of the amal gams. A
Perkin- El mer Mo del 460 ato mic ab sorption spec -
tropho to me ter (Nor walk, CT, USA), equipped
with a mer cury ho llow catho de lamp ope ra ted at 
6 mA (spec tral band width of 0.7 nm) and at a re -
so nan ce wa ve length of 253.6 nm, was used
throughout this work. A Perkin- El mer Mo del
MHS- 10 mer cury/hydri de sys tem was at ta ched
to the spec tropho to me ter to ge ne ra te the mer -
cury va pors. Ni tro gen (in let pressu re of 255 kPa)
was the pur ge gas. Ab sor ban ce was mea su red in
the ins tru men tal mode of peak height, with a
mea su re ment time of appro xi ma tely 45 s by test
por tion analyzed. The flow rate of re du cing
agent was 17 mL/ min.

Rea gents and stan dard so lu tions

All che mi cal were of analyti cal gra de. Ar ti -
fi cial sa li va were pre pa red with KCl (Merck,
Darms tadt, Ger ma ny), KSCN (Merck), NaHCO3

(Merck), NaH2PO4.H2O (Merck) and lac tic acid
(Merck) in gra de I (as es ta blished by the Ame ri -
can So ciety for Tes ting and Ma te rials, ASTM,
elec tri cal re sis ti vity 16.6 MW/cm at 25°C (24))
tri ply- dis ti lled and deio ni zed wa ter. A SDI
(Southern Den tal In dus tries, Aus tra lia) gs- 80
non gamma 2 ad mix of sphe ri cal and lathe cut
alloy par ti cles con tai ning sil ver (40%), tin
(31.3%) and copper (28.7%) and mer cury in pre -
do sed cap su les were used. The so dium te -
trahydro bo ra te so lu tion (3% m/v) was pre pa red 
by dissol ving so dium te trahydro bo ra te powder
(Rie del de Haën, Han no ver Ger ma ny) in appro -
pria te amounts of gra de I ASTM tri ply- dis ti lled
and deio ni zed wa ter, then sta bi li zed with 1%
m/v so dium hydro xi de (J.T. Ba ker, Phi llips burg, 
NJ, USA). This so lu tion was pre pa red daily be fo -
re use. Con cen tra ted ni tric acid (Rie del de Haën)
was used du ring the di ges tion pro ce du res. The
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stock so lu tion (1,000 mg/L of Hg) was pre pa red
from Ti tri sol (Merck) con cen tra tes. Stan dard so -
lu tions were freshly pre pa red by se rial di lu tion
of the stock with 0.01 M ni tric acid.

The eva lua tion of the accu racy of the
method was ca rried out through the analysis
using a stan dard re fe ren ce ma te rial from the Na -
tio nal Ins ti tu te of Stan dards and Te chno logy
(NIST, Gaithers burg, MD, USA) and for the re co -
very studies. The ma te rials were: Al ba co re Tuna
(RM 50, NIST, USA) and Ve ne zue lan Com mer -
cial Tuna, which was pre vious ly analyzed and
re por ted its tar get con cen tra tion of Hg (24).

Pro ce du res

Ar ti fi cial sa li va were pre pa red mi xing cal -
cu la ted mas ses of KCl, KSCN, NaHCO3,
NaH2PO4.H2O and lac tic acid in gra de I ASTM
tri ply- dis ti lled and deio ni zed wa ter at pH 6.7-6.8 
in ca li bra ted glass flasks (ca. 500 mL). A spe ci -
mens of a com mer cial, con tai ning den tal amal -
gam were pre pa red and tes ted. The pre- cap su la -
ted alloy and mer cury were tri tu ra ted accor ding
to the ma nu fac tu rer’s ins truc tions and con den -
sed fo llowing the ADA Spe ci fi ca tion No. 1. The
amal gams cap su le were pre pa red with diffe rent
types of tri tu ra tion (mean wet appro xi ma tely
0.5212 g): few (F), nor mal (N) and ex ces si ve (E),
were sub mer ged in 10 mL of ar ti fi cial sa li va in
tu bes of 2.5 x 9.0 cm with cap and put into ther -
mos ta ted bath at 37°C. The tri tu ra tion time into
me cha ni cal amal ga ma tor em plo yed was 8 se -
cond in accor ding to ma nu fac tu rer. In this study, 
it time was nor mal, few and ex ces si ve were ob -
tai ned added and de duc ted 4 se conds. The to tal
por tions of test of sa li va were ta ken every 24 h
the first three days and then every three days un -
til com ple ting 30 days; mo ving away the car ved
tooth of the sa li va and sto ring this to 4°C un til
their spec tro me tric analysis using CVAAS.

Pre vious to the spec tro me tric analysis, the
cer ti fied ma te rial was mi ne ra li zed with the pur -
po se of ob tai ning the Hg in its ma xi mum sta te of
oxi da tion. Thus, a test por tion was pla ced (ca.
0.040 mg of cer ti fied ma te rial) and 2.5 mL of con -
cen tra ted HNO3 in a Te flon cap su le. The clo sed
cap su le of Te flon was in tro du ced in the trans pa -
rent body of the reac tor and the clo sed reac tor

was put in si de to the mi crowa ve oven. The sys -
tem was irra dia ted with mi crowa ves by 70 s at
100% of power (ca. 600 MHz). Each samp le was
made up to at 10 mL with a mix tu re of 1.0 M
HNO3/HClO4. Si mi lar pro ce du re was applied to 
the Ve ne zue lan Com mer cial Tuna. The quan ti fi -
ca tion of Hg in each samp le of mi ne ra li zed ma te -
rials was ca rried out using ca li bra tion cur ves
pre pa red with aqueous stan dard so lu tions in
0.01 M ni tric acid.

Mer cury de ter mi na tion by CVAAS

An ali quot of the ar ti fi cial sa li va and di ges -
tion so lu tion ma te rials cer ti fied sam ples (vo lu -
me ran ged bet ween 2 and 5 mL de pen ding on
mer cury con cen tra tion) was pla ced into the ge -
ne ra tor vessel of the mer cury/hydri de sys tem.
Ni tric acid so lu tion (1.5% v/v) was added to ob -
tain a fi nal vo lu me of 20 mL. So dium te trahydro -
bo ra te so lu tion was added and the mer cury va -
pors ge ne ra ted were di rec ted to the op ti cal cell.
The ab sor ban ce rea ding was ta ken at the ma xi -
mum rea ched. Working cur ves ob tai ned by
adding 10, 20, 50 and 100 µL of a 1.0 mg/L Hg so -
lu tion to the reac tion flask of the mer cury/hydri -
de sys tem, which re pre sen ted 10, 20, 50 and 100
ng of Hg, res pec ti vely.

Sta tis ti cal analysis

Sta tis ti cal analyses were ca rried out by
con ven tio nal methods using com mer cial sta tis ti -
cal pro grams (i.e., Ori gin 6.0, Ex cel® 2000, etc).
Diffe ren ces were con si de red sta tis ti ca lly sig ni fi -
cant when P < 0.05.

Re sults and Dis cus sion

Eva lua tion of the analyti cal pa ra me ters

Aqueous mer cury stan dards were pre pa -
red daily in or der to avoid losses due to me tal ad -
sorption on the con tai ner walls and vo la ti li za -
tion. The li near ran ge was found to be 10- 100 ng
of Hg. Most of the sam ples analyzed were within 
this li near ran ge. Peak height ab sor ban ce rea -
dings (Ap) in crea ses li near ly in re la tion to the
equa tion Ap = 0.0010 C (co rre la tion coe ffi cient
0.9999).
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The within- and bet ween- run pre ci sions of
the de ve lo ped methods were eva lua ted by
means of the Hg con tent in 3 real sam ples of ar ti -
fi cial sa li va (Ta ble 1). Three ali quots of each real
samp le were analyzed (five runs each) using the
ins tru men tal and ope ra tio nal con di tions pre -
vious ly in di ca ted. The ob tai ned re sults show
ave ra ge RSD of 3.97% for both the within- and
bet ween- run pre ci sion. The se re sults can be con -
si de red ade qua te for this kind of analyses.

The accu racy was ve ri fied by mean of the
eva lua tion of two (2) stan dard re fe ren ce ma te -
rials: Al ba co re Tuna (SRM 50, NIST, USA) and
Ve ne zue lan Com mer cial Tuna (VCT). The se ma -
te rials were de com po sed by using the re por ted
mi ne ra li za tion pro ce du re (23). Un der the se con -
di tions, the to tal mer cury con cen tra tions found
by CVAAS for the re fe ren ce ma te rials were sta -
tis ti ca lly in dis tin guisha ble (P > 0.05) from the

cer ti fied or tar get va lues, fur ther mo re, this study 
are doing with the stan dar adi tion method ob tai -
ning re co ve ries of 102±2%. Re sults are shown in
Ta ble 2 and 3 and ve ri fies the ex ce llen ce of the
analyti cal method.

Non- spec tral in ter fe ren ces study was ca -
rried out by com pa ring the slo pes of the working
cur ves with tho se ob tai ned by the method of
stan dard addi tions, for the Hg de ter mi na tions in
ar ti fi cial sa li va by CVAAS. The equa tions ob tai -
ned for stan dard addi tion and ca li bra tion cur ves
were: Ap= 0.00105 c, r= 0.9999) and Ap = 0.00100 c, 
r = 0.9999, res pec ti vely. The mean re la ti ve error
bet ween slo pes was 5%. The se re sults im plied
the ab sen ce of non- spec tral in ter fe ren ces in the
CVAAS analyses by pro po sed method for Hg
and per mi tted the use of either the ca li bra tion
graphs or the stan dard addi tions methods for
me tal quan ti fi ca tion.
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Ta ble 1

Study of pre ci sion in the de ter mi na tion of mer cury in ar ti fi cial sa li va for CVAAS.

Within-run               Between-runs

Samplesa c SD
(ng/L)

RSD
(%)

SD
(ng/L)

RSD
(%)

Saliva
1

148 6 4.05 5 3.38

2 163 8 4.90 7 4.29

3 148 6 4.05 5 3.38

X ± SD 3.97 ± 0.51
aSam ples pre pa red for tri pli ca te and read by pen ta pli cate.

Ta ble 2

Accu racy study for the de ter mi na tion of the Hg in standard reference materials by CV- AAS.

Certified material Concentration
of Hg (mean ± DS)

Relative
Error
(%)

Certified
 µg/g

Found
 µg/g

Venezuelan Commercial Tuna 1.45 ± 0.01 1.47 ± 0.01 µg/g 1.4

Albacore Tuna
SRM N° 50, NIST*

0.95 ± 0.10 1.00 ± 0.04 5.0

* Na tio nal Ins ti tu te of Stan dards and Te chno logy, USA.



The cha rac te ris tic mass was 4.4 ng/0.0044
s-1 of Hg for 3 mL of so lu tion un der going
analysis. The de tec tion li mit, de fi ned as two ti -
mes the stan dard de via tion of the blank, for all
sam ples analyzed was 0.30 ng/L.

Mer cury le vels in ar ti fi cial sa li va

Ta ble 4 shows the mean con cen tra tions of
mer cury de ter mi ned by CVAAS in ar ti fi cial sa li -
va, re la ting with the diffe rent types of tri tu ra tion
applied to the amal gams: few (F), nor mal (N)
and ex ces si ve (E). The analysis of the re sults per -

mited to ob ser ve the con ti nue li be ra tion of mer -
cury in the ar ti fi cial sa li va due to the pro gres si ve
in cre ment of the con cen tra tion of the analy te in
the sam ples by to the applied freatment, which
con si de red the ex po si tion time (in days) and
type of tri tu ra tion (F, N and E). It is im por tant to
highlight that from the day 18 a re duc tion of the
Hg le vels is ob ser ved, this can ex plain due to the
in ter nal ther mal con di tions of the ba ke li te tube,
which was to 37°C du ring this time. Howe ver,
in si de the tube high pressu res can be ge ne ra ted
which in crea se the in ner tem pe ra tu re of the tube; 
in this way port of the ga seous mer cury is re lea -
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Ta ble 3

Re co very study for the de ter mi na tion of the Hg in ar ti fi cial sa li va by CV- AAS

Sample Concentration
(ng/L)

Added Expected Found Recovery (%)

Artificial saliva 24.1

5 29.1 30.1 103

10 34.1 35.6 104

15 39.1 39.1 100

   X ± SD        102 ± 2

Ta ble 4

Mer cury con cen tra tion (mean ± SD, ng Hg/L) in ar ti fi cial sa li va by CVAAS

Type of trituration

Day F N E

1 123 ± 17 136 ± 14 124 ± 22

2 158 ± 33 168 ± 14 213 ± 11

3 305 ± 38 283 ± 28 374 ± 44

6 394 ± 118 559 ± 72 527 ± 96

9 267 ± 36 137 ± 18 252 ± 9

12 268 ± 7 414 ± 18 304 ± 11

15 303 ± 11 273 ± 14 408 ± 40

18 436 ± 29 496 ± 11 459 ± 20

21 366 ± 17 285 ± 14 416 ± 19

24 412 ± 11 109 ± 20 236 ± 15

27 373 ± 92 244 ± 21 385 ± 59

30 313 ± 34 442 ± 51 354 ± 22
F: few tri tu ra tion, N: nor mal tri tu ra tion, E: ex ces si ve tri tu ra tion.



sed to the en vi ron ment. The tap of the ba ke li te
tu bes were ad jus ted again but the re lea se of mer -
cury con ti nued in crea sing in the ar ti fi cial sa li va
(i.e., days 21, 24, 27, 30). Li be ra ted mer cury con -
cen tra tions found in ar ti fi cial sa li va did not
show sig ni fi cant sta tis ti ca lly diffe ren ces res pect
to the types of tri tu ra tion em plo yed. This ex pe ri -
ment allows de mons tra ted that the re lea se of Hg
is cons tantly in an amal gams have been ob ser -
ved by others authors (1, 2).

Con clu sions

CVAAS- ba sed method for the de ter mi na -
tion of Hg in ar ti fi cial sa li va was accu racy, pre ci -
se and free from in ter fe ren ces. This ex pe ri men tal 
de ve lopment could be applied in fu tu re work re -
la ted to the odon to lo gi cal areas to eva lua te the
pos si ble Hg in to xi ca tion of the den tal pa tients.
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