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A study on the leakage of mercury vapor from pre-capsulated dental amalgam
according to storage temperature
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Objective: The aim of this study was to measure the amount of mercury vapor from one pre-capsulated dental amalgam ac-
cording to the storage temperature and to investigate whether the storage temperature suggested by the manufacturer or ISO is
appropriate for the storage.

Materials and Methods: GK Amalgam and Ultracaps+ were used in this study. One pre-capsulated dental amalgam was placed
in a Tedlar Bag and the Tedlar Bag was filled with 2 L of (4+2) °C air. The Tedler Bag was stored at one of the three different
temperature conditions; (4+2) °C, (23+2) °C and (30+2) °C for 24 hours. By applying Ontario hydro method, mercury vapor in the
Tedlar Bag was oxidized in KMnO,-H,SO, solvent and pre-treated, followed by analyses using the Cold Vapor Atomic Absorption
Spectrophotometry. Five measurements were obtained from each group.

Results: The average mercury vapor from GK Amalgam was (0.068+0.024), (0.300+0.100) and (0.544+0.133) mg/m®, and Ul-
tracaps+ was (0.026+0.008), (0.088+0.013) and (0.146+0.023) mg/m’ at (4+2) °C, (23+2) °C and (30+2), respectively. There was
a significant difference between GK Amalgam and Ultracaps+ at each temperature, and depending on the storage temperature in
each material (p<0.05).

Conclusions: It was evident that storage at (23+2) °C result in exposure of mercury vapor exceeding 340 to 1,170% of the expo-
sure amount compare to the standard set by the Ministry of Labor in Korea. In order to reduce the amount of mercury vapor leaking
from pre-capsulated dental amalgam, it is considered an effective method for users to periodically ventilate storage places, store
them in refrigerators or keepin sealed container, and manufacturers to produce them in individual packaging.
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Figure 1. (A) Pre—capsulated dental amalgam (Ultracaps+; SDI limited, Australia). (B) Schematic diagram
of pre—capsulated dental amalgam. The capsule is activated by pressing in the plunger. This
tears the membrane, allowing alloy and mercury to be mixed together
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Table 1. Pre—capsulated dental amalgam product used in this study

Alloy Composition of powder alloy(%)

Name Mercury/alloy ratio Lot No. Manufacturer
(mg) Cu Sn Ag ey
GK amalgam 600 25 ) 43 11 200905 AT &M B|omater|als
capsule Co, China
Ultracaps+ 600 20 30 50 0.88/1 1115967 SDl limited,
Australia

ChstR|ztolArESIX| RI6OH K62 2022 | 343




ORIGINAL ARTICLE

Figure 2. One isolated Pre-capsulated dental amalgam and 2 L of (4£2) °C Air in a Tedlar Bag

Tedlar Bag®] ¥3 FE3} d3A], 8|3l JHAet
371 HE HE IR RHE o]gso] AZstylon,
2709] AL U Sejo s AZstglch YA
KMnO,-H,SO, €& 22 100 mL €17, Tedlar Bag
A AHH F71E 1 L/min & £E2 FIAIA 36191
THFigure 3).

2% KMnO,~H2,0, €% 200 mLE HAAHH

o &4 L, 0.1N-Nitric acid solution 50 mL¥} 10%
w/v Hydroxlyamine solution 1 mLZ HHAE &5}
ATk Al Aol ALERE -GN = HAHHTE A A "ol &

& 251 mLE 175131, o] & 50 mL= 24 vialoj
QZ] ol YS 7] $3 Aol 2=fsto] 48417 Hiof
T2 s SO 22 ZH HAE 0~1000
ug/m’ H97F S 7R3 CVAAS (VM-3000, Mercury
Instruments Inc., Germany)2 &al9 $29] %S &

A3t

BA B4 SPSS 2 T1FH(IBM SPSS Statistics 25.0,
IBM CO., Armonk, NY USA)& o]-&5}3tt.

1. 2%}

Ht 250 i AeP e ofdolA w24 5
L =712 Table 2 ¥ Figure 49} Zth GK amalgam
capsule?} Ultracaps+ A& 25 (4+2) € ((23+2) C
(301£2) C £0& F28H 2 370 12stA 571

SIAEF (p(0.05). O 74 X|7hg obuzte) Bt
7Hpoldo] we} e 48 5719 E S Rihe

22 S|zttt T Al 7] Bla oAl = ZF-2=04 GK
amalgam capsule©] Ultracaps+2.th §-2J51A T2 4

2 7] 257 HYHp0.05).

344 | SRTOIAEEIR| K60 K6S 2022




ORIGINAL ARTICLE .

Alr
Sample
2L

f
Qne Amalgam
Capzule

i — TS0 re
EMn0O+4—H=250: oy

Figure 3. Schematic diagram of mercury—sampling train in this study. The air sample pass the im—
pinger at a rate of 1L/min. The solution(4% w/v KMnO,, 10% v/v H,SO,) in the impinger
absorbs elemental mercury from the air sample

Table 2. Amount of mercury vapor released from one pre—capsulated dental amalgam capsule in 24h at each temperature.

GK amalgam capsule Ultracaps®
—_ Temperature
(0 412 2312 3042 442 2312 3042
Number
1 0.098 0.343 0.658 0.020 0.089 0.185
2 0.046 0.178 0.373 0.028 0.103 0.145
3 0.055 0.291 0.506 0.016 0.083 0.131
4 0.088 0.449 0.698 0.036 0.095 0.138
5 0.051 0.263 0.486 0.030 0.069 0.129
Average 0.068* 0.305* 0.544%¢ 0.0265 0.088% 0.146%
(mg/m?) +0.024 +0.100 +0.133 +0.008 +0.013 +0.023

Different capital letters indicate significant differences in the average between groups at the same storage temperature. Different
lowercase letters indicate significant difference between storage temperatures within the same group(p<0.05)
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Figure 4. Amount of mercury vapor released in 24h from one pre—capsulated dental amalgam at each
temperature. There was a significant difference depending on the storage temperature(p<0.05)
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Table 3. Exposure limits for mercury vapor in the Workplace %
Institution Exposure limit ||-_[éJ_
National institute for occupational safety & health immediately dangerous to life or health 3 I1|.|9|
: 10 mg/m 'S
concentration =
Occupational safety and health administration permissible exposure limit 0.1 mg/m® TWA Tl
National institute for occupational safety & health recommended exposure limit 0.05 mg/m?3 TWA skin Fllo
American conference of governmental industrial hygienists threshold limit value 0.025 mg/m? ‘ﬁ
Korea 8 hours time weighted average 0.025 mg/m® ,Tlﬂgl);.
Europe 8 hours time weighted average 0.02 mg/m?® l.__tJ_
World health organization limit for public exposure 0.001 mg/m? l%h
Environmental protection agency inhalation reference concentration 0.0003 mg/m?® H
Agency for toxic substances and disease registry inhalation minimal risk level 0.0002 mg/m?*
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