
Background. Mercury environmental
discharge is under increased
scrutiny by the U.S. Envi-
ronmental Protection
Agency (EPA). Dental
amalgam should be
processed properly to pre-
vent an additional envi-
ronmental burden. Some
processing agencies require that
submitted amalgam be noninfectious. Inves-
tigations have demonstrated that oxidizing
disinfectants mobilize mercury from
amalgam into solution and add mercury to
the environmental burden if it is disposed of
improperly. The authors conducted a study
to evaluate the effect of representative disin-
fectants on amalgam mercury release.
Methods. The authors sized a high-copper
spherical amalgam alloy to match that typi-
cally found in dental unit suction traps. They
exposed 20 grams of the alloy to several dis-
infectant solutions and evaluated the filtered
supernatant solution for mercury content.
Results. Chlorine disinfectant materials
discharged the most mercury ions, followed
by bromide, iodophor, peroxide/peracetic
acid and phenolic disinfectants. The quater-
nary ammonium compound did not dis-
charge mercury ions above the detection
limit (0.2 parts per billion) into solution.
Conclusions. A quaternary ammonium
compound did not mobilize mercury ions
into solution when used as a disinfectant
agent for amalgam. Chlorine disinfectants
mobilized mercury ions the most, followed
by bromide, iodophor, peroxide/peracetic
acid and phenolic disinfectants.
Clinical Implications. Dentists are
obligated to be good environmental stew-
ards and should follow practices that reduce
environmental mercury release. Dental 
personnel should be aware that oxidizing
disinfectants mobilize mercury ions into
solution, which will be added to the envi-
ronment if they are processed improperly. If
required by processing, dental personnel
should consider the different oxidizing
effects of commonly used disinfectants.
Key Words. Amalgam; mercury; disin-
fectants; amalgam disposal; amalgam 
disinfection.
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A
malgam still is a widely used restorative
material worldwide.1 Although there is evi-
dence of a decrease of its use in the United
States, its cost, durability, long-term per-
formance and ease of manipulation still

make it dentists’ first-choice material for restoring pos-
terior teeth.1,2 Despite amalgam’s long history and pop-
ularity, there have been periodic concerns about

adverse health effects arising from the
exposure of the minute levels of mer-
cury released from amalgam restora-
tions.2 These concerns largely have
been allayed by several expert panels
including the National Institutes of
Health and the U.S. Public Health
Service. These agencies were unable to
identify any adverse human health
effects arising from the placement of
dental amalgam restorations.2,3

Mercury discharge into the environ-
ment, regardless of the source, has
come under increased scrutiny from the

U.S. Environmental Protection Agency (EPA). Mercury
is classified as a persistent bioaccumulative toxin, and
it is among the top 20 hazardous substances listed by
the Agency for Toxic Substances and Disease
Registry/Environmental Protection Agency.4 A 1996
EPA conference on mercury in the Midwest emphasized
the need to eliminate mercury medical waste from
entering the wastewater stream.5 Moreover, in 1997,
the EPA issued a 1,700-page report to Congress
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stressing the need for closer scrutiny and regula-
tion of mercury emissions.6 In 1998, the EPA and
the American Hospital Association signed a mem-
orandum of understanding to significantly cut
hospital mercury wastes by 2005. This agreement
included the total elimination of mercury-
containing hospital wastes and a one-third 
reduction in other wastes.7

Mercury in dental amalgam exists in a fairly
stable equilibrium, with only minute amounts
released into the surrounding environment.8-12

Despite this, amalgam should be recycled or
processed properly and not be disposed of as
garbage, medical infectious waste (for example, in
“red bag” or biohazard containers) or in sharps
containers. Furthermore, amalgam
should not be rinsed down the
drain into municipal sewer lines.
Some communities incinerate
municipal garbage, medical waste
and sludge from wastewater treat-
ment plants. The high tempera-
tures used in incineration can alter
the physical properties of amalgam
to cause the release of mercury into
the environment. Proper processing or disposal of
dental amalgam waste prevents the release of
additional mercury into the environment.

Accordingly, amalgam excess from restorative
procedures or amalgam scraps retrieved from
dental unit suction traps can be processed for
proper disposal, recycling or both. Some federal
agency guidelines13,14 and commercial recycling
companies require that submitted amalgam that
has been in contact with body fluids (for example,
retrieved from dental unit suction traps) be disin-
fected before undergoing reclamation.15 The ratio-
nale for this disinfection is that materials
retrieved from an oral evacuation system may be
infectious and biologically hazardous. Some agen-
cies that process recyclable medical materials also
may require documentation that the submitted
items are noninfectious.14

Sodium hypochlorite traditionally has been rec-
ommended as a disinfectant for amalgam
retrieved from dental unit suction traps.2 How-
ever, some investigations have demonstrated that
oxidizing disinfectants—including bleach—mobi-
lize soluble mercury from amalgam into the disin-
fectant solution.4 If the oxidizing disinfectant
solution is not processed properly or is discarded
into the public wastewater system, it adds to the
environmental burden of mercury.

We conducted this study to evaluate the effect
of representative disinfectants on mercury
released from amalgam.

MATERIALS AND METHODS

We triturated a high-copper, spherical amalgam
alloy in a dental amalgamator following the man-
ufacturer’s recommendations. We stored the
resulting dry amalgam alloy pellets in a sealed
container for one month. We then pulverized the
amalgam alloy pellets using a mill and put them
through 900- and 710-micrometer standard
testing sieves.

We prepared five samples for each disinfectant
solution from each representative class (Table 1)

using the following procedure. We
placed 20 grams of the sized
amalgam alloy particles into a new,
sealable 50-milliliter plastic test
tube, followed by 50 mL of a disin-
fectant solution. If required, we pre-
pared the disinfectant solution fol-
lowing its manufacturer’s
recommendations immediately
before use. Then we sealed the test

tube and agitated it for 30 seconds to disperse the
amalgam alloy powder in the disinfection solu-
tion. Next, we left the mixture undisturbed for
contact time recommended by the disinfectant’s
manufacturer. Finally, we filtered the mixture
through 0.2-µm filters and placed the super-
natant in clean and dry test tubes, which then
were sealed and submitted for testing.

We assessed the samples for mercury content
according to EPA method 245.1A using an atomic
absorption spectrophotomer and ranked the mean
mercury levels using the Kruskal-Wallis test with
post hoc analysis using the Hochberg and Ben-
jamini method at a significance level of .05.

RESULTS

The results of our study are given in Table 2
(page 918). We found that the chlorine disinfec-
tant materials discharged the most mercury ions
into solution, followed by the bromide, iodophor,
peroxide/peracetic acid and phenolic disinfec-
tants. The distilled water control discharged the
same levels of mercury ions as the peroxide/
peracetic acid disinfectant. Surprisingly, the qua-
ternary ammonium compound disinfectant did
not cause mercury ion release that was detectable
above the 0.2 parts per billion threshold of the
method used.
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DISCUSSION

Our study evaluated the effect of nine disinfec-
tants’ abilities to mobilize mercury ions into solu-
tion. We chose a spherical amalgam
alloy product that commonly is used
in federal service dental facilities.
We stored triturated amalgam alloy
for one month to simulate more
closely mature amalgam that might
be removed during operative pro-
cedures and remain in the dental
unit’s suction trap. After grinding
amalgam alloy pellets in a mill, we
put the particles through successive
710- to 900-µm standard testing
sieves. This produced a representa-
tive group of amalgam particles that were large
enough to be caught in a dental unit suction trap,
while providing a uniform particle size distribu-
tion that afforded a similar reaction surface area
for all of the disinfectant samples.

We found that the chlorine disinfectants dis-
charged the greatest amounts of mercury ion, fol-
lowed by the bromide, iodophor, peroxide/

peracetic acid and phenolic disinfectants. It is
interesting to note that the peroxide/peracetic
acid and triphenolic disinfectants discharged sim-
ilar levels of mercury as the distilled water, which

we used as a control. The most sur-
prising finding of our evaluation
was that the quaternary ammo-
nium compound disinfectant did
not mobilize mercury ions into solu-
tion. In fact, the initial test results
were unexpected, so we considered
them to be either a laboratory error
or equipment malfunction, and we
tested another group of samples.
Repeated testing of the newly pre-
pared samples combined with
atomic absorption spectropho-

tometer recalibration produced the same results
in both control and quaternary compound 
samples.

The rate of mercury released into a liquid envi-
ronment depends on the bond strength of mercury
in the amalgam; the presence, nature and sta-
bility of any surface oxide films; and the chemical
transformations of mercury in the solution.16
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TABLE 1

DISINFECTANT SOLUTIONS.
PRODUCT CLASSIFICATION ACTIVE 

INGREDIENT
CONTACT TIME 

(MINUTES)
MANUFACTURER

10

10

2

10

10

10

10

5

15

—

Clorox, Oakland,
Calif.

Caltech, Midland,
Mich.

Biotrol, Louisville,
Colo.

Biotrol

Dentsply, Milford,
Del.

GC America, Alsip,
Ill.

Septodont, New
Castle, Del.

Metrex Research,
Orange, Calif.

Distilled Water (Control)

5.25 Percent Sodium
Hypochlorite Bleach

Dispatch 

Biocide

BIREXse

TriCide

GC Spray-Cide

Microstat 2

Compliance

Control

Chlorine

Chlorine 

Iodophor

Dual phenolic

Triphenolic 

Quaternary
ammonium 
compound

Bromide

Peroxide/
peracetic acid

—

Sodium hypochlorite

Sodium hypochlorite

Iodine

Ortho-phenyl phenol, 
para-tertiary phenol

Para-tertiary amyphenol,
ortho-benzyl-

para-chlorophenol, 
ortho-phenylphenol

N-alkyl-dimethyl 
ethylbenzyl ammonium

chloride, N-alkyl dimethyl
benzyl ammonium 

chloride, isopropanol

Sodium bromide, sodium
dicholoroisocyanurate-

dihydrate

Hydrogen peroxide, 
peracetic acid

The most surprising
finding was that 
the quaternary 

ammonium compound
disinfectant did not
mobilize mercury 
ions into solution.
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Since we used the same amalgam in all of the
tests, the binding of mercury in the different
amalgam phases and the amalgam’s film-forming
ability were the same. However, the properties
and stability of the oxide surface pilms, which
form a barrier to mercury dissolution, depend on
the chemistry of the solution. Many chlorine-
containing solutes destabilize metal oxide films,
including the tin oxide of dental amalgam; this
degrades the oxides’ ability to reduce the amount
of mercury released. The observed high rate of
discharge associated with the use of chlorine dis-
infectants can be attributed mainly to this effect.
The comparative aggressiveness of the ions in the
solutions with respect to oxide films may be
largely responsible for the ranking in Table 2.

Another factor that may play a role in the
release of mercury is the oxidation power of the
environment within which the amalgam may
exist. A higher oxidation power increases the elec-
tromotive potential of the metal, as well as the
rate of conversion of elemental mercury-to-
mercury ions. Although the mercury released
from dental amalgam in synthetic saliva is insen-
sitive to the potential in a wide range,16 the rela-
tionship may be different in other environments 
if the oxide properties are potential-dependent.
Higher oxidation power also accelerates the
transformation of the released elemental 
mercury-to-mercury ions.17 Since the solubility of

elemental mercury in aqueous solutions is quite
low, oxidation to ionic mercury may increase the
mercury dissolution rate by lowering the solu-
bility barrier.17

The relative oxidation potential of a solution
can be determined by measuring the open-circuit
potential of an inert electrode potential with
respect to a reference electrode. In light of the
surprising results we found in this study, we
sought to compare the oxidative potentials of the
quaternary ammonium compound and a repre-
sentative chlorine disinfectant. Accordingly, we
measured the reduction oxidation (redox) poten-
tials of the quaternary ammonium compound and
5.25 percent sodium hypochlorite bleach, as well
as the corrosion potential of the high-copper,
spherical amalgam alloy in both solutions at 25 C
using a temperature-controlled corrosion cell and
a computer-controlled electronic potentiostat. We
measured the stabilized potentials with respect to
a standard saturated calomel electrode. The
results presented in Table 3 show that both the
redox potential and the corrosion potential of
high-copper, spherical amalgam alloy were sub-
stantially lower in quaternary ammonium com-
pound than in the bleach. It is possible that the
low redox and corrosion potentials may have con-
tributed to the low rate of mercury released by
the quaternary ammonium compound by keeping
the potential in a range beneficial for the forma-
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* ppb: Parts per billion.
† SD: Standard deviation.
‡ The letters indicate statistically similar groups.
§ The product’s manufacturer is listed in Table 1.
¶ ND: Not detectable (detection limit = 0.2 ppb [0.2 micrograms/liter]).

TABLE 2

MERCURY ANALYSIS RESULTS (N = 5).
MATERIAL MEAN MERCURY

LEVEL (ppb*)
SD† HOMOGENOUS SUBSETS BASED ON 

OVERLAP/NONOVERLAP OF 
DATA POINTS‡

A

C

C

D

D

E

E

B

B

B

GC Spray-Cide§

TriCide§

Distilled Water (Control)

Compliance§

BIREXse§

Biocide§

Microstat 2§

5.25 Percent Sodium 
Hypochlorite Bleach

Dispatch§

ND¶

852

1,048

1,415

2,184

4,798

5,536

38,380

46,782

ND

206

234

911

276

752

1,040

7,082

30,292
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tion of an oxide barrier and by reducing the rate
of conversion of elemental to ionic mercury.

CONCLUSIONS

We found that a quaternary ammonium com-
pound did not mobilize detectable mercury ions
into solution when it was used as a disinfectant
for amalgam. Chlorine disinfectants mobilized
mercury ions the most, followed by bromide,
iodophor, peroxide/peracetic acid and phenolic
disinfectants. We conjecture that the low oxida-
tion power of quaternary ammonium compounds
is beneficial for the formation of a barrier oxide
film and slows down mercury dissolution by
decreasing the rate of oxidation of elemental mer-
cury to the ionic form. Further research is war-
ranted to determine the mechanism responsible
for our findings and if different quaternary
ammonium compounds produce results similar 
to ours. ■

When this article was written, Dr. Roberts was commander, USAF
Dental Investigation Service, Great Lakes, Ill. He now is a graduate
dental biomaterials fellow, Marquette University, Milwaukee. Address
reprint requests to Dr. Roberts at 310C B St., Building 1H, Great
Lakes, Ill. 60088, e-mail “hwroberts@nidbr.med.navy.mil”.

Dr. Marek is professor emeritus, Department of Materials Science
and Engineering, Georgia Institute of Technology, Atlanta.

Dr. Kuehne is the department head, Bioenvironmental Sciences,
Naval Institute for Dental and Biomedical Research, Great Lakes, Ill.

Dr. Ragain was the commander, Naval Institute for Dental and Bio-

medical Research, Great Lakes,
Ill., when this article was
written. He now is the director,
Operative Dentistry Depart-
ment, Great Lakes Naval Recruit
Command, Great Lakes, Ill.

The opinions stated in this
article are those of the authors
and do not constitute the official
opinion or policy of the U.S. Air
Force, the U.S. Navy, the U.S.
Department of Defense, or the
U.S. government.

1. Berry TG, Summitt JB,
Chung AK, Osborne JW.
Amalgam at the new millen-
nium. JADA 1998;129:1547-56.

2. ADA Council on Scientific
Affairs. Dental amalgam: update
on safety concerns. JADA

1998;129:494-503.
3. U.S. Public Health Service, Committee to Coordinate Environ-

mental Health and Related Programs. Dental amalgam: A scientific
review and recommended public health service strategy for research,
education and regulation—Final report on the Subcommittee on Risk
Management. Washington: U.S. Government Printing Office, 1993;
PHS publication 342-322/60025.

4. Stone ME, Pederson J, Kelly JR, et al. The management of mer-
cury in the dental-unit wastewater stream. Sci Rev Issues Impacting
Dent 2000;2:1-5.

5. U.S. Environmental Protection Agency. Conference fact sheets 1
and 4 presented at: Mercury in the Midwest: Status and Future Direc-
tions, Oct. 22, 1996; Chicago.

6. U.S. Environmental Protection Agency. Mercury study report to
Congress. Vols. I-VIII. Research Triangle Park, N.C.: U.S. Environ-
mental Protection Agency; 1997. EPA publication EPA-452/R-97.

7. U.S. Environmental Protection Agency. Persistent Bioaccumula-
tive and Toxic (PBT) Chemical Program: Partnerships/Commitments
Initiative to eliminate mercury in hospital waste. Available at:
“www.epa.gov/pbt/resources.htm#Partnerships/Commitments”.
Accessed May 24, 2005.

8. Berglund A, Pohl L, Olsson S, Bergman M. Determination of the
rate of release of intra-oral mercury vapor from amalgam. J Dent Res
1988;67:1235-42.

9. Berglund A. An in vitro and in vivo study of the release of mercury
vapor from different types of amalgam alloys. J Dent Res 1993;72:
939-46.

10. Neme AL, McLaren JD, O’Brien WJ. Investigation of two mercury
vapor collection techniques. Dent Mater 1999;15:375-81.

11. Mackert JR Jr. Dental amalgam and mercury. JADA 1991;122
(8):54-61.

12. Marek M. Interactions between dental amalgams and the oral
environment. Adv Dent Res 1992;6:100-9.

13. In Control No. 5. USAF Dental Infection Control Update. Sep-
tember 1994.

14. Medical waste. In: Defense material disposition manual. Wash-
ington: Department of Defense; 1997.

15. Best management practices for amalgam waste. Chicago:
American Dental Association; 2003.

16. Marek M. The effect of the electrode potential on the release of
mercury from dental amalgam. J Dent Res 1993;72:1315-9.

17. Marek M. Dissolution of mercury vapor in simulated oral environ-
ments. Dent Mater 1997;13:312-5.

JADA, Vol. 136     www.ada.org/goto/jada    July 2005 919

R E S E A R C H

* SCE: Saturated calomel electrode.
† The product’s manufacturer is listed in Table 1.

TABLE 3

REDUCTION-OXIDATION POTENTIAL AND CORROSION
POTENTIAL FOR THE HIGH-COPPER, SPHERICAL
AMALGAM ALLOY.
DISINFECTANT REDUCTION-OXIDATION 

POTENTIAL (VOLTS)
CORROSION POTENTIAL 

(VOLTS)

+ 0.082 (SCE)

− 0.285 (SCE)

5.25 Percent Sodium
Hypochlorite Bleach

GC Spray-Cide†

+ 0.642 (SCE*)

+ 0.086 (SCE)
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