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Abstract

This work investigated the characteristics of polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDD/F) in stack-flue gases from six stationary emission sources in five types of
incinerators: industrial waste incinerator (IWI), small-scale municipal solid waste incinerator
(MSWTI), medical waste incinerator (MWI), cement kilns (CK), and crematories (CR). These
characteristics were further investigated using factor analysis and cluster analysis. Experimental
results reveal that PCDDs dominate MSWI and CR, and PCDFs dominate TWla, IWIb, CK and
MWIs. The factor analysis results showed that CR and MSWI have similar fingerprints, as do
IWIb and MWI3. The cluster analysis showed that if a vertical line is cut at a rescaled distance of
four, then the PCDD/F congener profiles fall into four groups. The indicators of PCDD/Fs are
OCDD, 1,2,3,4,6,7,8-HpCDF, 2,3,4,7,8-PeCDF, and 1,2,3,4,6,7,8-HpCDD. The emission factors
of PCDD/Es herein were from 0.0433 (CK) to 18.7 (MSWI) pg I-TEQ/ton-feedstock.
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INTRODUCTION

Dioxins, especially 2,3,7,8-TCDD, are of great concern, because they are highly carcinogenic.
PCDD/Fs are formed during combustion from: (i) precursors, (ii) de novo, and (iii) through
pyrosynthesis (Tuppurainen et al, 2003). Major sources of atmospheric PCDD/Fs include
stationary emissions, especially from various incinerators, including secondary aluminum
smelters (ALS), sinter plants, small-scale municipal solid-waste incinerators (MSWTI), medical-
waste incinerators (MWI), electric-arc furnaces (EAF), industrial-waste incinerators (IWI),
cement kilns and crematoria. Hence, this work studies PCDD/F emissions from MSWI, MSI, IWIL,
crematory cement kilns (CK), and cement crematoria (CR).

Cement kilns use coal as burner fuel; the other sources use diesel. The feedstock of CK is
mostly cement as a raw material and a few waste fires, IWIa is fed with general waste from
nuclear power plants, and [WIb is fed mostly with waste-oil studge. For pollution control, MSWI
uses a semi-dry washing tower and a baghouse, MWT uses a Venturi scrubber and a quench tower,
CK uses an electrostatic precipitation (ESP), IWIa uses a baghouse, and TWIb uses a cyclone and
an ESP.

This paper reports on measurements of PCDD/Fs from the stacks of six incinerators. Emission
characteristics of PCDD/Fs from these incinerators are presented, including concentrations,
fingerprints and emission factors. Also, similar and dissimilar features between them are further
studied using factor analysis and cluster analysis. The data derived from this study can provide
guidance to improve operating conditions of the incinerators and to assess the potential health

risk to the neighboring community.

EXPERIMENTAL

PCDD/FS Sampling

PCDD/Fs in stack-flue gases were collected using the Taiwan EPA method NIEA A807.73C,
which is based on the US EPA Method 23A. Prior to sampling, XAD-2 resin was spiked with
isotopically labelled PCDD/F surrogate standards. Each stack gas sampling took 3 h. One trip
blank and one field blank were also obtained during field sampling to ensure that the collected

samples were not contaminated.

PCDD/FS Analysis

PCDD/Fs were analyzed for stack-flue gases, according to U.S. EPA modified Method 23,
using high-resolution gas chromatographs/high-resolution mass spectrometers (HRGC/HRMS).
The analysis was conducted at the Super Micro Mass Research and Technology Center at Cheng
Shiu University in Taiwan. The HRGC (Hewlett-Packard 6970) was comprised of a DB-5 MS
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fused silica capillary column (0.25 mm x 60 m, 0.25 pm) (J&W Scientific) with splitless
injection. Helium was used as the carrier gas. The HRMS (Micormass Autospec Ultima,
Manchester, UK) had a positive electron impact (EI+) source. The selected ion-monitoring mode
(Park et al., 2004) had a resolving power of 100,000. The specified electron energy and source
temperature were 35 eV and 250 °C, respectively.

RESULTS AND DISCUSSION

PCDD/F Concentrations in Stacks

Table 1 shows that the total PCDD/F concentrations in the stack gases of IWIa, IWIb, MSWI,
MWI, CK, and CR were 0.604, 1.397, 30.1, 1.14, 0.350, and 29.8 ng/Nm3, respectively, and the
order was MSWI > CR > IWIb > MWI > [Wla > CK, indicating that PCDD/F concentrations in
the stacks of MSWI and CR greatly exceeded those of other incinerators. The efficiency of a
baghouse in removing PCDD/Fs was around 37.6% (Lee et al., 2004); so, highly concentrated
PCDD/Fs could be formed from MSWT during combustion. CR should include pollution control
equipment to reduce the concentration of PCDD/Fs in the stack-flue gases. The PCDD to PCDF
ratios were 0.464, 0.415, 0.903, 0.423, 0.292, and 0.869, respectively. The PCDD/Fs ratios in the
stacks followed the order CR > MSWI > IWla > MWI > IWIb > CK, indicating that PCDDs
dominated CR and MSWI and PCDFs dominated the other burners. The total PCDD/Fs I-TEQs
were 0.030, 0.137, 3.35, 0.168, 0.062, and 3.00 ng I—TEQ/Nm3, respectively. The order of total
PCDD/F I-TEQ was MSWI > CR > MWI > IWIb > CK> IWIa, similar to that of the total
PCDDY/F concentration in stacks.

In summary, when considering PCDD/F concentrations, PCDD/F ratio and PCDD/F I-TEQ,
MSWTI and CR are two leading PCDD/F contributors among the six incinerators.

PCDD/F Congener Profiles of Stationary Emission Sources

Fig. 1 presents the congener profiles of the 17 2,3,7,8-chlorinated substituted PCDD/Fs
detected in six stack-flue gases. Each selected congener was normalized to the total weight of all
2,3,7,8-congeners (mean + SD). The PCDD/F congener profile of IWIa was dominated by
1,2,3,4,6,7,8-HpCDF, OCDD, and OCDF, while that of IWIb was dominated by 1,2,3,4,6,7,8-
HpCDF, OCDD, and 2,3,4,7,8-PeCDF. The profile of MSWI was dominated by 1,2,3,4,6,7,8-
HpCDD, OCDD, and 1,2,3,4,6,7,8-HpCDF. The profile of MWI was dominated by 2,3,4,7,8-
PeCDF, 1,2,3,4,6,7,8-HpCDF, and 1,2,3,7,8-PeCDF. The profile of CK was dominated by
2,3,7,8-TeCDF, 1,2,3,7,8-PeCDF, and 2,3,4,7,8-PeCDF. However, the profile of CR was
dominated by 1,2,3,4,6,7,8-HpCDF, 1,2,3,4,6,7,8-HpCDD, and OCDD.
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Fig.1 also indicates that MSWI and CR were dominated by PCDD, and IWla, IWIb, CK and

MWI were dominated by PCDF. Moreover, the major and minor dominating congener profiles of

IWIb were similar to those of IWla; and MSWT and CR had similar congener profiles.

Table 1. The PCDD/F concentrations in the stack-flue gases of six emission sources.

[Wla TWIb MSWI MWI CK CR

PCDD/PCDFs (n=3) (n=3) (=3) (=3) (=3) (1=3)
(ng/Nm?) mean RSD(%) mean RSD(%) mean RSD(%) mean RSD(%) mean RSD(%) mean RSD(%)
2,3,7,8-TeCDD 0.001 127 0006 138 029 360 0016 886 0018 139 0319 270
1,2,3,7,8-PeCDD 0.003 179  0.022 667 118 377 0042 928 001 105 1S 237
123478HxCDD 0005 326 0013 125 0823 439 002 933 0003 570 0834 233
123,6,78-HxCDD 0009 268 0022 115 141 438 0044 923 0004 506 139 167
L23789-HxCDD 0006 273 0018 484 0987 439 0042 915 0003 528 140 17.9
1.234678-HpCDD  0.056 384 0117 120 519 511 0089 748 0014 396 455 28]
0CDD 0.105 422 0213 360 438 558 0076 430 002 243 405 471
2,3,7,8-TeCDF 0.009 147 0064 953 154 335 0095 813 0114 (19 166 337
1,2,3,7,8-PeCDF 0013 180 009 806 164 436 011 865 004 953 125 325
2,3.4,7,8-PeCDFE 0023 239 0127 184 249 447 0152 885 0039 789 182 233
1,2,34,7,3-HxCDF 003 415 0116 141 169 464 0096 880 0013 406 165 375
123,678HxCDF 0032 392 012 124 182 486 0105 905 0018 429 176 349
234678-HxCDF 0004 1164 0009 117 0086 502 0004 765 0001 173 0061  30.0
123789-HxCDF  0.036 385  0.107 154 217 505 0067 861 0016 429 160 329
1234678 HpCDF 0149 581 0232 160 343 550 0125 719 0022 320 502 463
12.34789-HpCDF 002 568 0035 183 0397 577 0015 640 0004 408 0357 406
OCDF 0.102 630 0077 372 0567 583 0044 306 0009 152 0964 513
PCDDs 0185 344 0412 235 143 49 0329 754 0074 698 137 292
PCDFs 0419 493 0985 157 158 477 0813 808 0276 853 161 361
PCDD/Fs ratio 0464 203 0415 792 0903 943 0423 124 0292 143 0869 116
Total PCDD/Fs 0604 438 1397 179 301 479 114 192 035 %2 298 328
PCDDsng LTEQNm®  0.005 216 0024 85 126 393 0049 907 0024 128 130 229
PCDFs ng -TEQNm® 0025 307 0113 158 210 448 012 876 0038 871 170 286
PCDD/Fs TEQratio 021 103 0217 103 0616 947 0395 742 0495 533 078 o918
Toal ng I-TEQ/Nm® 0030 291 0137 143 335 427 0168 885 0062 103 300 258

Factor Analysis

To understand the underlying factors affecting the formation of PCDD/Fs in incinerators,

factor analysis (FA) was employed. In this work, factors were extracted using principal

component analysis (PCA), which involves varimax orthogonal rotation to determine the eigen

values of variance matrix of variables (Wilkinson et al., 1996; Johnson and Wichern, 2002).

Usually, those factors with eigen values exceeding unity were chosen. In Table 2, two factors,

Factorl and Factor2, are shown corresponding to the two leading eigenvalues of 6.251 and 5.506,
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respectively. Factor] explains 39.9% of all variance, and Factor?2 explains 29.0% of all variance;
altogether representing 68.9% of the total variance. Factor]l was strongly related (> 0.7) to:
1,2,3,7,8-PeCDD, OCDD; 2,3,4,7,8-PeCDF; 1,2,3,4,6,7,8-HpCDF; 1,2,3,4,7,8,9-HpCDF; and
OCDF. Factor2 was strongly related > 0.7) to: 1,2,3,4,7,8-HxCDD:; 1,2,3,6,7,8-HxCDD;
1,2,3,7,8,9-HXCDD; and 1,2,3,4,6,7,8-HpCDD.

Also, Fig. 1 shows that Factor] explains the major congeners of IWIa, IWIb, and MWI; while
both Factorl and Factor2 explain the major congeners of MSWI, CK, and CR. Chlorine-
containing wastes and precursors are known to be responsible for the formation of PCDD/Fs
(Dickson et al., 1989; Milligan and Altwicker, 1993); therefore, Factor] and Factor2 may likely
represent these two factors—chlorine-containing wastes and precursors; the latter is associated
with the products of incomplete combustion. Notably, formation of PCDD/Fs in relatively low

temperatures (250-350 °C) in dust-control device is also one important mechanism (Dickson et
al., 1992; Luijk et al., 1994),
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Fig. 1. Congener profiles of seventeen 2,3,7,8 -PCDD/Fs of various emission sources.
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Fig. 2 shows the component plot, with Factor] as the horizontal axis and Factor2 as the vertical
axis. In the plot, the closeness of the emission sources to each other implies the similarity in their
congener profiles. The plot shows that CR and MSWI have similar fingerprints; similarly for
I'WIb and MWI3.

Table 2. Factor analysis of PCDD/Fs in six stack-flue gases.

PCDD/Fs Factorl Factor2
2,3,7,8-TeCDD .608 -.584
1,2,3,7,8-PeCDD .872 446
1,2,3,4,7,8-HxCDD 519 .845
1,2,3,6,7,8-HxCDD .539 .825
1,2,3,7,8,9-HxCDD .560 748
1,2,3,4,6,7,8-HpCDD .086 952
OCDD =727 .353
2,3,7,8-TeCDF .556 708
1,2,3,7,8-PeCDF .698 -.660
2,3,4,7,8-PeCDF 700 -.440
1,2,3,4,7,8-HxCDF .028 .041
1,2,3,6,7,8-HxCDF 114 -.101
2,3,4,6,7,8-HxCDF -.555 -.057
1,2,3,7,8,9-HxCDF -224 181
1,2,3,4,6,7,8-HpCDF -.863 276
1,2,3,4,7,8,9-HpCDF -.959 -.149
OCDF -.879 - 131
Eigen value 6.251 5.506
Percentage of total variance 39.9 29.0
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Fig. 2. Component plot from factor analysis.
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Cluster Analysis

Cluster analysis, using nearest-neighbour method, was employed to divide the congener
profiles from different stack-flue gases into several groups (Johnson and Wichern, 2002). The
dendrogram in Fig. 3 from cluster analysis shows that if a vertical line is cut at a rescaled
distance of four, then the PCDD/F congener profiles fall into four groups, namely: GROUPI,
GROUP2, GROUP3, and GROUP4. GROUPI comprises CK2 and CK3, and GROUP2
comprises MWI1 and MWI2. GROUP 3 comprises MSWI (MSWI1-MSWI3) and CR (CRI-
CR3) which is consistent with the results of similar fingerprints in these two processes discussed
earlier. GROUP4 is comprised of IWIb (IWIb1-IWIb3) and MWI3. IWIa (IWlal-IWIa3) and
CK1 do not belong to any group. Generally, cluster analysis results (Fig. 3) agree fairly well with

factor analysis results shown in Fig. 2.

Indicators of PCDD/FS

Table 3 shows, based on the results of indicatory PCDD/F analysis, that IWla, IWIb, MSWI,
MWI, and CR have similar indicatory PCDD/Fs, which are OCDD, 1,2,3,4,6,7,8-HpCDF,
2,3.4,7,8-PeCDF, and 1,2,3,4,6,7,8-HpCDD. However, CK has quite different indicatory
PCDD/Fs from the other five incinerator types. This may be due to the fact that the feedstock

components of CK contain fewer organic compounds than the other incinerators do.
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Fig. 3. Dendrogram from cluster analysis.
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Table 3. The highest three indicatory PCDD/Fs of various PCDD/F emission sources.

PCDD/F emission sources Indicatory PCDD/Fs (ratio)
IWla — Industry Waste Incinerator 1,2,3,4,6,7,8-HpCDF (0.149)
OCDD (0.105)
OCDF (0.102)

IWIb — Industry Waste Incinerator 1,2,3,4,6,7.8-HpCDF (0.232)
OCDD (0.213)
2,3,4,7,8-PeCDF (0.127)
MSWI — Small Municipal Solid Waste 1,2,3,4,6,7,8-HpCDD (5.193)
Incinerator OCDD (4.38)
1,2,3,4,6,7,8-HpCDF (3.433)
MWI — Medical Waste Incinerator 2,3,4,7,8-PeCDF (0.152)

1,2.3,4,6,7,8-HpCDF (0.125)
1,2.3,7,8-PeCDF (0.110)

CK — Cement Kiln 2.3,7,8-TeCDF (0.114)
1,2,3,7,8-PeCDF (0.04)
2,3,4,7,8-PeCDF (0.0385)

CR — Crematory 1,2,3,4,6,7,8-HpCDF (5.020)
1,2,3,4,6,7,8-HpCDD (4.547)
OCDD (4.047)

Table 4. PCDD/F emission factors of various emission sources.

Emission factor

Stationary Seurce (ug -TEQ/ton-feedstock) Reference
IWIs with baghouse 0.059+31.3 This study
IWIs with cyclone and ESP 0368 £14.3 This study

MSWIs with semi dry washing

fower and baghouse 18.7+432 This study
MWIs with Venturi sc1:ubber and 370 + 887 This study
quench tower :
CK with ESP 0.0433 £ 103 This study
CR without pollution control 411 % 27.6% This study
equipment
Secondary ALS 50.1 £ 62.5 (Chen et al., 2004)
Secondary ALS 0.63 - 200 (Lee et al., 2005)
Sinter plants with SCR 0.970 (Wang et al., 2003b)
Sinter plants without SCR 3.13 (Wang et al., 2003b)
EAFs 0.52-3.2 (Lee et al., 2005)
CR with bag filter 6.11% (Wang et al.,, 20032)
CR without bag filter 13.6* (Wang et al., 2003a)

* Unit: pg I-TEQ/body

Emission Factors of PCDD/FS

Table 4 shows that the emission factors of PCDD/Fs herein were from 0.0433 (CK) to 18.7 pg
I-TEQ/ton-feedstock (MSWI), whereas previous studies yielded 0.52 to 200 pg [-TEQ/ ton-
feedstock (Wang et al., 2003a and 2003b). The PCDD/F emission factors of CR were 41.1 pg I-
TEQ/ body herein, a value which is around three times greater than the value reported by Wang
et al. (2003a). The PCDD/F emission factors of MSWI and MWI ranked second and third herein.
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It is known that precursors are responsible for the formation of PCDD/Fs. Therefore, the control
of feedstock components and the complete combustion of wastes are important in reducing the
emission of PCDD/Fs from the stack-flue gas.

CONCLUSIONS

(1)  The total PCDD/F I-TEQ concentrations in the stack gases of IWla, IWlb, MSWI, MWI,
cement kiln (CK) and crematory (CR) were 0.030, 0.137, 3.352, 0.168, 0.062, and 3.003
ng [-TEQ/Nm3, respectively. The total PCDD/F I-TEQ followed the order MSWI > CR
>MWI>IWIb > CK > [Wla.

(2) The factor analysis results showed that CR and MSWI have similar fingerprints;
similarly between IWIb and MWI3. The cluster analysis showed that if a vertical line is
cut at a rescaled distance of four, then the PCDD/F congener profiles fall into four
groups. These two analyses generally yielded consistent results.

(3) The indicators of PCDD/Fs of IWla, IWIb, MSWI, MWI, and CR were very similar.
They were OCDD, 1,2,3,4,6,7,8-HpCDF, 2,3,4,7,8-PeCDF, and 1,2,3,4,6,7,8-HpCDD,
which were quite different from those of CK.

(4)  The emission factors of PCDD/Fs herein were between 0.0433 (CK) and 18.7 (MSWI)
ug I-TEQ/ton-feedstock.

Since precursors are responsible for the formation of PCDD/Fs, additional studies should be
conducted to provide further understanding on their formation mechanisms during combustion-

related processes.
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Abstract

This study aims to evaluate the influence of start-up on polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans
(PCDD/Fs) concentration in the stack flue gas of incinerators and ifs contributing PCDD/F emission. The PCDD/F emission of the
first sample among three consecutive stack flue gas samples of five intermittent incinerators, which sampled at a stable combustion con-
dition after start-up, is 2-3 times higher than the mean of the others. For verifying the PCDD/F characteristics of incinerators during
start-up, one continuous MSWT was investigated for two years. The elevated PCDD/F emissions of the MSWI during start-up could
reach 96.9 ng I-TEQ Nm™ and still maintained a high PCDD/F emission (40 times higher than the Taiwan emission limit) even
18 h after the injection of activated carbon, indicating the memory eflect. Taking the MSWI for example, which consists of four inciner-
ators, the estimated annual PCDD/F emission from normal operational conditions was 0.112 g I-TEQ. However, one start-up procedure
can generate ~60% of the PCDD/F emissions for one whole year of normal operations. And the PCDD/F emission, which is the result of
the start-ups of four incinerators, was at least two times larger than that of a whole year’s normal operations, without consideration for
the PCDD/F emission contributed by the long lasting memory effect.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: PCDD/Fs; Start-up; Incinerator; Memory effect

1. Introduction

After polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) were discovered
in the flue gases and fly ash of municipal solid waste
incinerators (MSWIs) in 1977 (Olie et al., 1977), PCDD/
Fs have become a serious issue in many countries because
of their toxicological effects and associated adverse health
implications.

Most research investigated the PCDD/F characteristics
and the induced hazardous effect of incinerators during

" Corresponding author. Tel.; +886 7 7310606x3921; fax: +886 7
7332204,
E-mail address: lewang@csu.edu.tw (L.-C. Wang).

0045-6535/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.chemosphere.2006.10.081

normal operations. Till recently, several studies (Gass
ctal., 2002; Lothgren and van Bavel, 2005; Neuer-Etscheidt
et al,, 2006) have focused on the high PCDD/F emission
during the start-up of incinerators. The start-up of continu-
ous MSWIs is usually a cold start-up, which occurs after a
plant revision and consists of the following procedures: n
Oil burning with a maximum fuel feed rate until the suitable
temperature for incineration (850 °C) is reached. (2) Start of
waste feeding and increasing feed rate until design load is
reached (Gass et al., 2002). However, for intermittent incin-
erators, the start-up procedure is a warm start-up, which
can be characterized by the furnace’s remaining tempera-
ture when it is started up again the next day.

Léthgren and van Bavel (2005) measured the PCDD/F
levels after a polishing wet scrubber continuously for
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18 months using long-time sampling equipment at a haz-
ardous waste incineration facility in Sweden. Each sam-
pling period lasted two weeks. Two dramatic risings of
TEQ levels were observed, both in the period just after a
maintenance stop of the plant, from 0.02 to 0.25ng
TEQ m™ and from 0.03 to 0.15 ng TEQ m . Gass et al.
(2002) reported raw flue gas PCDD/F concentrations dur-
ing the start-up of a MSWI of up to 250 ng I-TEQ m 2 in
the heat-up phase. In contrast, Neuer-Etscheidt et al.
(2006) reported that PCDD/F I-TEQ crude gas concentra-~
tions during the heat-up period were a little lower than
those during normal operations with waste as the fuel.
One reason for this difference may be the state of cleaning
of the boiler section. Immediately after waste was fed,
PCDD/F concentrations (46 ng I-TEQ m™) in the crude
gas increased by one order of magnitude compared to
normal operating conditions (3-4 ng I-TEQ m™). Even
for a ship’s main engine, the highest PCDD/F emissions
have been measured for the start-up samples (0.1-0.4 ng
WHO-TEQ kW h™! vs 0.03-0.1 ng WHO-TEQ kW h™"
during normal operations), which are characterized by
relatively poor combustion conditions (also high CO emis-
sions) (Cooper, 2005). However, still little research esti-
mated the generated PCDD/Fs during start-up to what
extent. Consequently, it is not yet possible to evaluate the
exposures and potential health risks during these condi-
tions (Mckone and Hammond, 2000).

In this study, five intermittently operating incinerators,
including one industrial waste incinerator (IWI), one waste
liquid ncinerator (WLI) and three medical waste incinera-
tors (MWIs) were measured for PCDD/Fs in the stack flue
gases when combustion condition reached stabilization
after start-up to evaluate the influence of memory effect
caused by start-up on PCDD/F emission. For verifying
the PCDD/F characteristics of incinerators during start-
up, one large scale continuously operating MSWI was cho-
sen to be investigated for two years. In the first year, a total
of five start-up stack flue gas samples were collected. For
more detailed characterization, the next year, a total of
10 stack flue gas samples were sampled and the sampling
time was changed so it’s more accordant with the start of
waste feeding. Only the 2,3,7,8-PCDD/F congeners in the
stack flue gases of the incinerator were measured because
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of their toxicities. The obtained results were not only com-
pared to the typical concentrations during normal opera-
tions of the MSWI but also evaluated for the PCDD/F
emission during start-up.

2. Experimental section
2.1. Basic information concerning the incinerators

The basic operation information concerning the inter-
mittent incinerators, including one IWI, one WLI and three
MWIs is described in Table 1. The feeding waste and air
pollution control devices (APCDs) between these three cat-
egories of incinerators are not similar, but each kind of
incinerator possesses its representation.

The continuously operating MSWI investigated for two
years in this study consists of four 450 ton day !, two-
stage, starved-air modular incinerators, each of which
includes its own heat recovery system, dry scrubber, acti-
vated carbon injection, bag filter and stack. During start-
up, the incinerators were preheated by burners operated
with diesel.

2.2. PCDDIF sampling

On a usual day, the termittent incinerators were
started up in the morning and operated during the day.
At night, the combustion chamber cooled down. However,
in this study, the feeding waste was accumulated to enough
for three consecutive 3 h stack flue gas samples during nor-
mal operations after start-up, which is characterized by the
stable reading of combustion temperature and traditional
pollutant, like CO concentration.

The sampling time of each stack flue gas sample of the
MSWI during start-up was about 2-3 h and a total of five
samples were collected in the first year. For more detailed
characterization, the next year, the sampling time was
changed to once an hour and a total of 10 stack flue gas
samples were sampled.

The PCDD/F samples were collected isokinetically from
the stack flue gas of the selected incinerators according to
US EPA modified Method 23. The sampling train adopted
in this study is comparable with that specified by US EPA

Table 1
Basic information concerning these five intermittent incinerators
Emission sources IWI WLI MWI MWI MWI
Denotation A B C D E
Feeding waste (kg h™!) Industrial waste  Waste liquid  Infectious and Infectious and Infectious and
(420) (200) pathological waste (400)  pathological waste (300)  pathological waste (300)
Auxiliary fuel ((h™") - Diesel (0.1) Diesel (22) Diesel (21) Diesel (19)
APCD:s in sequence (operation  Cyclone (200) VS (90) DS (250) ACI BF (150) QC VS (90) DS (250) ACI BF (160)
temperature) (°C) BF (160)
Mean stack flue gas flow 8500 2900 4500 4000 6000

(Nm’1™)

Activated carbon injection: ACI; Bag filter: BF; Dry scrubber: DS; Quench chamber: QC; Venturi scrubber: VS.
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Modified Method 5. Prior to sampling, XAD-2 resin was
spiked with PCDD/F surrogate standards pre-labeled with
isotopes, including *'Cly-2,3,7,8-TCDD, Cy»-1,2,3.4,7.8-
HxCDD, '*C},-2,3,4,7,8-PeCDF, 13C,,-1,2,3,4,7,8-HxCDF
and 13(312-1,2,3,4,7,8,9-HpCDF. The recoveries of PCDD/
F surrogate standards were 101-123%, and met the criteria
within 70-130%. To ensure the free contamination of the
collected samples, one trip blank and one field blank were
also taken during the field sampling was conducted. Details
are similar to that given in our previous work (Wang et al.,
2003).

2.3. Analyses of PCDD/Fs

Analyses of stack flue gas followed the US EPA modified
method 23. All chemical analyses were carried out by the
Super Micro Mass Research and Technology Center at
Cheng Shiu University — the accredited laboratory in
Taiwan for PCDD/F analyses. Prior to analysis, each col-
lected sample was spiked with a known amount of the
BC)p-labeled internal standard to the extraction thimble.
Add toluene to fill the reservoir approximately 2/3 full.
Adjust the heat source to cause the extractor to cycle three
times per hour. After being extracted for 24 h, the extract
was concentrated, treated with concentrated sulfuric acid,
and then followed by a series of sample cleanup and
fractionation procedures, including multilayer silica gel col-
umn, alumina column and activated carbon chromatogra-
phy. The eluate was concentrated to approximately 1 ml
and transferred to a vial. The concentrate was further con-
centrated to near dryness, using a stream of nitrogen.
Immediately prior to analysis, the standard solution for
recovery checking was added to the sample. The recoveries
of PCDD/F internal standards for the tetra- through hexa-
chlorinated homologues were between 65% and 98%, and
met the criteria within 40-130%, while that for the hepta-
and octachlorinated homologues were between 52% and
101%, and met the criteria within 25-130%.

A high-resolution gas chromatograph/high-resolution
mass spectrometer (HRGC/HRMS) was used for PCDD/
Fs analyses. The HRGC (Hewlett Packard 6970 Series
gas, CA, USA) was equipped with a DB-5MS fused silica
capillary column (L =60m, ID =0.25mm, film thick-
ness = 0.25 pm) (J&W Scientific, CA, USA), and with a
splitless injection. Helium was used as the carrier gas. How-
ever, if a valley between peaks is more than 25% of the
lower of the two peaks for 2,3,7,8-TCDD and 2,3,7,8-
TCDF, the column had to be changed to DB-225 to
recheck isomer. The oven temperature program was set
according to follows: begin at 150 °C (held for 1 min), then
increased at 30 °C min™! to 220 °C (held for 12 min), then
increased at 1.5 °C min™"! to 240 °C (held for 5 min), and
finally increased at 1.5°Cmin™! to 310°C (held for
20 min). The HRMS (Micromass Autospec Ultima, Man-
chester, UK) was equipped with a positive electron impact
(EI+) source. The analyzer mode of the selected ion mon-
itoring (SIM) was used with resolving power at 10000. The

electron energy and source temperature were specified at
35eV and 250 °C, respectively. Details of analytical proce-
dures are given in our previous work (Wang et al., 2003).

3. Results and discussion

3.1. Influence of memory effect resulted from start-up on
PCDDIF emissions of the intermittent incinerators

The PCDD/F profiles of three consecutive stack flue gas
samples of these five intermittent incinerators were illus-
trated in Fig. | and revealed that the PCDD/F emission
of the first stack flue gas sample, which was sampled at a
stable combustion condition after start-up, was consider-
ably higher than that of the follow-up samples. For toxicity
basis, the first stack flue gas sample was 2-3 times higher
than the mean PCDD/F emission of the second and third
one. Fig. 1 also revealed that the PCDD/F profiles of the
three consecutive stack flue gas samples for each incinera-
tor declined with time. The reason for this is that the mem-
ory effect that resulted from the high PCDD/F emission of
the start-up contributed and changed the subsequent con-
centration and profiles significantly. But as time went by,
the influence of the memory effect on the PCDD/F emis-
sion faded away.

The memory effect caused by the wet scrubber resulted
from that PCDD/Fs are adsorbed on scrubber fillings (typ-
ically polypropylene (PP) plastics) and thus leading to
unexpected PCDD/F releases when the plant is running
under more stable conditions (Hunsinger et al.,, 1998;
Adams et al., 2000; Takaoka et al., 2003). Compared to
that caused by start-up procedure, the memory effect
caused by the start-up can occur in all kinds of incinerators
with different APCDs, not only for those with wet scrub-
bers, for examples, the incinerators in this study are no
exception to this.

3.2. PCDDIF emission in the stack flue gases of the
MSWI under normal conditions

For more understanding of the memory effect that
resulted from the start-up, one continuous MSWT was cho-
sen to characterize the PCDD/F emission during start-up.
In the first instance, we need to establish the PCDD/F
characteristics of the MSWI during normal operation.

The stack flue gases of the MSWI were sampled five
times in different months under normal operation condi-
tions and a total of 25 samples were collected for PCDD/
F measurement. The mean PCDD/F concentration (nor-
malized to the dry flue gas conditions of 273 K and 11%
Oy} in the stack flue gas was 0.0358 ng -TEQ Nm™3
(range: 0.00273-0.0946 ng I-TEQ N m >, relative standard
deviations (RSD): 66.4%), while their corresponding mean
PCDD/F emission factor was 0.249 ng I-TEQ ton waste™
(RSD: 69.0%), which is close to that (mean: 0.251 ug I-
TEQ ton waste™, range: 0.0512-0.561 ug I-TEQ ton
waste™!) of the other 13 MSWIs in Taiwan (Lee et al.,
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Fig. 1. The PCDD/F profiles of three consecutive stack flue gas samples of the five intermittent incinerators.

2005) and is comparable to that (0.17 pg I-TEQ ton
waste ™) of the MSWI (400 ton day™') in accordance with
the best control technologies (Giugliano et al., 2002).
Furthermore, five raw flue gas samples sampled in front
of the activated carbon injection and bag filter were also
measured for PCDD/Fs and the mean PCDD/F concentra-
tion was 0.610ng I-TEQ Nm™> (range: 0.231-1.52ng
I-TEQ Nm™, RSD: 86.1%).

According to statistical data, there were ~448000 ton-
nes of waste incinerated by the MSWI investigated in

this study in 2005. By directly adopting the mean emis-
sion factors that were obtained from this study (0.249
ng I-TEQ ton waste™), the total emission amount of
PCDD/Fs from the MSWI is ~0.112 g I-TEQ yr~ ..

3.3. PCDDIF emission in the stack flue gases of the
MSWI during start-up

Table 2 listed the operation conditions and their corre-
sponding PCDD/F emission in the stack flue gases during
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Table 2
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PCDD/F emission in the stack flue gases of the MSWI during start-up in the first year’s investigation

Sample denotations Sampling day

Day one Day two

a b c d e
Sampling time 15:30-17:40 19:25-20:55 23:40-3:15 10:10-12:35 13:42-16:10
Passed time after burner started (h) 5.5-1.7 9.4-11 13.7-17.3 24.2-26.6 28-30.2
Passed time after waste fed (h) - - - 5.2-7.6 9-11.2
Auxiliary fuel (h™") 660 830 650 4 7
Temperature of combustion chamber (°C) 310 490 850 900 920
Primary air flow rate (N m’> h™}) 37500 34300 30900 50400 51000
Temperature in the inlet of superheater (°C) 190 240 360 490 500
Temperature in the inlet of economizer (°C) 150 210 300 330 340
0O, Concentration after economizer (%) 22 22 22 11 73
Temperature of dry scrubber (°C) 130 160 210 240 230
Lime feeding rate (m*h™") 0 0 0.6 2.2 4.0
Temperature of bag filter (°C) 120 150 180 160 150
Activated carbon feeding rate (kgh™) 0 0 6 10 10
CO concentration in the stack flue gas (ppm) - - - 42 32
O, concentration in the stack flue gas (%) 18 17 14 8.3 8.7
PCDFs/PCDDs ratio 0.66 0.62 0.72 0.92 0.75
Total PCDD/Fs (ng N m™) 83.8 328 68.2 42,9 10.7
PCDFs/PCDDs TEQ ratio 3.0 2.1 24 2.6 2.4
Total I-TEQ (ng -TEQ N m™) 2.09 122 3.34 2.28 0.507
- No data.

the cold start-up of the MSWI in the first year’s investiga-
tion. The PCDD/F concentrations (normalized to the dry
flue gas conditions of 273 K) in the stack flue gases during
the heat-up phase (samples a-c) were ranged at 2.09-
12.2ng I-TEQ Nm™> while those that were ranged at
0.507-2.28 ng I-TEQ N m~> were observed 5h after the
waste feeding process had started.

For more detailed characterization, during the following
year, the sampling time was changed to once an hour so it’s
more accordant with the start of waste feeding (see Table 3).
The PCDD/F concentration in the stack flue gases dur-
ing the heat-up phase (samples a-d) was between 5.16
and 41.5 ng I-TEQ N m ™3, which was higher than the first
year’s results (2.09-12.2 ng I-TEQ N m~?). However, the
drastic PCDD/F emissions in the stack flue gases during
the heat-up phase of the two years’ investigation both
occurred at the combustion chamber’s temperature reach-
ing 490 °C. When the combustion chamber’s temperature
reaching 490 °C, the temperatures in the inlet of the super-
- heater and economizer were between 210 °C and 290 °C,
which were a little below the temperature region (250-
450 °C) of the PCDD/F optimal formation. Otherwise,
Clarke (2000), Gass et al. (2003) and Neuer-Etscheidt
et al. {2006) reported that PCDD/F precursors (e.g., benz-
enes, phenols and chlorinated forms) are created in the fur-
nace at the highest rate in these temperature regions. In
fact, Benestad et al. (1990) reported that PAHs concentra-
tion during the start-up period was 2-16 times higher than
that during normal operation for three small MSWIs. Yas-
uda and Takahashi (1998) also determined the PAHs emis-
sion of four MSWIs during start-up, burning, and burn-out
and reported that during start-up conditions, PAH concen-

trations (7.7-248 pg N m ) have been shown to be 12-77
times higher during burning (0.1-63.2 ug N m ™). Conse-
quently, the drastic PCDD/F emissions occurred during
the heat-up phase is more related to the operational tem-
perature of the combustion chamber than to that of super-
heater and economizer.

But when the temperature of the combustion chamber
raised from 490 °C to 850 °C, the PCDD/F emissions
decreased from 12.2 ng I'-TEQ N m ™ (no activated carbon
injection) to 3.34 ng I-TEQ N m™ (activated carbon feed-
ing rate: 6 kg h™!) during the heat-up phase in the first
year’s investigation. The injection of activated carbon
and the elevated temperature of the combustion chamber,
i.e. the more completely combustion condition, may be
the reasons of drastic reduction of the PCDD/F emissions,
however, due to the intervals of up to several hours where
no samples were taken, which one is the most influence fac-
tor is needed to be clarified further.

In the first year, the temperature of the combustion
chamber reached 490 °C after burning for 10 h with the
average auxiliary fuel feeding rate of 7101h™! and the
average primary air of 35900 N m?® h~! while in the second
year’s investigation, reaching the same combustion condi-
tion with a higher average auxiliary fuel feeding rate of
1150 Lh™! and a less primary air of 27700 Nm*h'.
The results revealed that the worse combustion efficiency
occurred in the second year and might result in the
PCDD/F concentration in the stack flue gases during the
heat-up phase (5.16-41.5ng I-TEQ N m *) which has a
recording that is higher in the second year than that
of the first year (2.09-12.2ng I-TEQ N m™?). Otherwise,
Neuer-Etscheidt et al. (2006) proposed that the state of
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cleaning of the boiler section could also resulted in the
PCDDY/F crude gas concentrations during the heat-up per-
iod ranging from a little lower than those during normal
operations to 250 ng I-TEQ N m™3, which was reported
by Gass et al. (2002).

Another drastic elevated PCDD/F concentrations (from
41.5t096.9 ng I-TEQ N m ) in the stack flue gas occurred
one hour after waste feeding (Table 3) and it declined to
23.1ng I-TEQ Nm™ five hours after waste feeding, but
still maintained high PCDD/F concentration, 4.19 ng
I-TEQ Nm?, 40 times higher than the Taiwan emission
limit of 0.1 ng I.-TEQ Nm™ even 18 h after the injection
of activated carbon, indicating the long lasting memory
effect. Neuer-Etscheidt et al. (2006) also observed that
immediately after waste was fed, PCDD/F concentrations
(46 ng I'-TEQ m ™) in the crude gas increased by one order
of magnitude compared to normal operating conditions
(3-4ng I-TEQ m™). In this study, the raw gas in front
of the APCD had not been sampled so that it is unclear
that if the raw gas PCDD/F levels were still elevated at
18 h after the injection of activated carbon. However, the
CO concentration (21 ppm, see Table 3) at that time was
already in the range of normal operation condition, repre-
senting the well combustion condition and little PCDD/F
precursors, like benzenes, phenols and PAHs formed, so
we extrapolated that the high PCDD/F concentration,
4.19ng I-TEQ Nm™ at 18 h after the injection of acti-
vated carbon, resulting from rather the memory effect than
the incomplete combustion at that time.

During the heat-up phase, no activated carbon is injected
prior to the bag filter in order to avoid ignitions of the acti-
vated carbon due to the high oxygen concentration in the
flue gas (see Tables 2 and 3). Although it may be one of
the reason that the PCDD/F concentration in the stack flue
gases was between 5.16 and 41.5ng I-TEQ N m >, how-
ever, by comparing to the PCDD/F concentration in the
raw flue gases in front of the activated carbon injection
and bag filter of the MSWI during normal operation (mean:
0.610ng I-TEQNm >, range: 0231-1.52ng I-TEQ
Nm™), it revealed that a high PCDD/F emission during
the heat-up phase occurred due to the low furnace temper-
ature and the poor combustion condition. The surfaces of
the boiler and pipe were thus contaminated by the soot par-
ticles as well as hydrocarbons, which improved de novo
synthesis of PCDD/F formation during the subsequent
increase of the temperatures at these locations. Otherwise,
the high PCDD/F emission occurred during the start-up
procedure also increased the PCDD/F adsorption on the
APCDs, like wet scrubber and bag filter and then released
over a longer period of time.

3.4. PCDDIF emission quantity of the MSWT during
start-up

The profile of the PCDD/F emission rate of stack flue
gas with time during start-up of a two year investigation
is illustrated in Fig. 2 and the shadowed areas represent
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Fig. 2. PCDD/F emission rate from the stack flue gases of the MSWI
during startup.

the PCDD/F emission quantity of MSWI during start-up.
It revealed that one PCDD/F emission peak exists when
the combustion chamber’s temperature reaches 490 °C in
both the first and second year. However, owing to the inex-
perience regarding the sampling strategy, another high
PCDD/F emission peak resulted from the poor combustion
when waste being fed was not observed in the first year’s
investigation. After changing the sampling time to be more
accordant with the start of waste feeding, the PCDD/F pro-
file clearly showed the phenomenon of PCDD/F generation
and two high PCDD/F emission peaks with subsequently
slow declination on emission in the second year’s investiga-
tion. After calculating the shadowed areas, the estimated
PCDD/F emission quantity during start-up was 0.0658 g
I-TEQ in the second year’s investigation.

Incinerators are usually at least shut-down and started-
up once a year for maintenance. Taking the MSWI
investigated in this study for example, which consists of
four incinerators, the estimated annual PCDD/F emission
from normal operational conditions was 0.112 g I-TEQ.
However, one start-up procedure can generate ~60% of
that and the PCDD/F emission quantity resulted from
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Abstract

This work investigated the characteristics of polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDD/F) in stack-flue gases from six stationary emission sources in five types of
incinerators: industrial waste incinerator (IWI), small-scale municipal solid waste incinerator
(MSWI), medical waste incinerator (MWI), cement kilns (CK), and crematories (CR). These
characteristics were further investigated using factor analysis and cluster analysis. Experimental
results reveal that PCDDs dominate MSWI and CR, and PCDFs dominate IWIa, IWIb, CK and
MWIs. The factor analysis results showed that CR and MSWI have similar fingerprints, as do
IWIb and MWI3. The cluster analysis showed that if a vertical line is cut at a rescaled distance of
four, then the PCDD/F congener profiles fall into four groups. The indicators of PCDD/Fs are
OCDD, 1,2,3,4,6,7,8-HpCDF, 2,3,4,7,8-PeCDF, and 1,2,3,4,6,7,8-HpCDD. The emission factors
of PCDD/Fs herein were from 0.0433 (CK) to 18.7 (MSWI) ug I-TEQ/ton-feedstock.
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INTRODUCTION

Dioxins, especially 2,3,7,8-TCDD, are of great concern, because they are highly carcinogenic.
PCDD/Fs are formed during combustion from: (i) precursors, (ii) de novo, and (iii) through
pyrosynthesis (Tuppurainen et al., 2003). Major sources of atmospheric PCDD/Fs include
stationary emissions, especially from various incinerators, including secondary aluminum
smelters (ALS), sinter plants, small-scale municipal solid-waste incinerators (MSWI), medical-
waste incinerators (MWI), electric-arc furnaces (EAF), industrial-waste incinerators (IWI),
cement kilns and crematoria. Hence, this work studies PCDD/F emissions from MSWI, MSI, IWI,
crematory cement kilns (CK), and cement crematoria (CR).

Cement kilns use coal as burner fuel; the other sources use diesel. The feedstock of CK is
mostly cement as a raw material and a few waste tires, IWla is fed with general waste from
nuclear power plants, and IWIb is fed mostly with waste-oil sludge. For pollution control, MSWI
uses a semi-dry washing tower and a baghouse, MWI uses a Venturi scrubber and a quench tower,
CK uses an electrostatic precipitation (ESP), IWIa uses a baghouse, and IWIb uses a cyclone and
an ESP.

This paper reports on measurements of PCDD/Fs from the stacks of six incinerators. Emission
characteristics of PCDD/Fs from these incinerators are presented, including concentrations,
fingerprints and emission factors. Also, similar and dissimilar features between them are further
studied using factor analysis and cluster analysis. The data derived from this study can provide
guidance to improve operating conditions of the incinerators and to assess the potential health

risk to the neighboring community.

EXPERIMENTAL

PCDD/FS Sampling

PCDD/Fs in stack-flue gases were collected using the Taiwan EPA method NIEA A807.73C,
which is based on the US EPA Method 23A. Prior to sampling, XAD-2 resin was spiked with
isotopically labelled PCDD/F surrogate standards. Each stack gas sampling took 3 h. One trip
blank and one field blank were also obtained during field sampling to ensure that the collected

samples were not contaminated.

PCDD/FS Analysis

PCDD/Fs were analyzed for stack-flue gases, according to U.S. EPA modified Method 23,
using high-resolution gas chromatographs/high-resolution mass spectrometers (HRGC/HRMS).
The analysis was conducted at the Super Micro Mass Research and Technology Center at Cheng
Shiu University in Taiwan. The HRGC (Hewlett-Packard 6970) was comprised of a DB-5 MS
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fused silica capillary column (0.25 mm x 60 m, 0.25 pm) (J&W Scientific) with splitless
injection. Helium was used as the carrier gas. The HRMS (Micormass Autospec Ultima,
Manchester, UK) had a positive electron impact (EI+) source. The selected ion-monitoring mode
(Park et al., 2004) had a resolving power of 100,000. The specified electron energy and source

temperature were 35 eV and 250 °C, respectively.

RESULTS AND DISCUSSION

PCDD/F Concentrations in Stacks

Table 1 shows that the total PCDD/F concentrations in the stack gases of IWla, IWIb, MSWI,
MWI, CK, and CR were 0.604, 1.397, 30.1, 1.14, 0.350, and 29.8 ng/Nm3, respectively, and the
order was MSWI > CR > IWIb > MWI > IWIa > CK, indicating that PCDD/F concentrations in
the stacks of MSWI and CR greatly exceeded those of other incinerators. The efficiency of a
baghouse in removing PCDD/Fs was around 37.6% (Lee et al., 2004); so, highly concentrated
PCDD/Fs could be formed from MSWI during combustion. CR should include pollution control
equipment to reduce the concentration of PCDD/Fs in the stack-flue gases. The PCDD to PCDF
ratios were 0.464, 0.415, 0.903, 0.423, 0.292, and 0.869, respectively. The PCDD/Fs ratios in the
stacks followed the order CR > MSWI > IWla > MWI > IWIb > CK, indicating that PCDDs
dominated CR and MSWI and PCDFs dominated the other burners. The total PCDD/Fs I-TEQs
were 0.030, 0.137, 3.35, 0.168, 0.062, and 3.00 ng I—TEQ/NmB, respectively. The order of total
PCDD/F I-TEQ was MSWI > CR > MWI > IWIb > CK> [IWIa, similar to that of the total
PCDD/F concentration in stacks.

In summary, when considering PCDD/F concentrations, PCDD/F ratio and PCDD/F I-TEQ,
MSWI and CR are two leading PCDD/F contributors among the six incinerators.

PCDD/F Congener Profiles of Stationary Emission Sources

Fig. 1 presents the congener profiles of the 17 2.3.7.8-chlorinated substituted PCDD/Fs
detected in six stack-flue gases. Each selected congener was normalized to the total weight of all
2,3,7,8-congeners (mean + SD). The PCDD/F congener profile of IWla was dominated by
1,2,3,4,6,7,8-HpCDF, OCDD, and OCDF, while that of IWIb was dominated by 1,2,3,4,6,7,8-
HpCDF, OCDD, and 2,3,4,7,8-PeCDF. The profile of MSWI was dominated by 1,2,3,4,6,7,8-
HpCDD, OCDD, and 1,2,3,4,6,7,8-HpCDF. The profile of MWI was dominated by 2,3,4,7,8-
PeCDF, 1,2,3,4,6,7,8-HpCDF, and 1,2,3,7,8-PeCDF. The profile of CK was dominated by
2,3,7,8-TeCDF, 1,2,3,7,8-PeCDF, and 2,3,4,7,8-PeCDF. However, the profile of CR was
dominated by 1,2,3,4,6,7,8-HpCDF, 1,2,3,4,6,7,8-HpCDD, and OCDD.
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Fig.1 also indicates that MSWI and CR were dominated by PCDD, and IWla, IWIb, CK and
MWI1 were dominated by PCDF. Moreover, the major and minor dominating congener profiles of
IWIb were similar to those of IWla; and MSWI and CR had similar congener profiles.

Table 1. The PCDD/T concentrations in the stack-flue gases of six emission sources.

TWia TWib MSWI MWI CK CR
PCDD/PCDFs (n=3) (1=3) (0=3) (n=3) (=3) (1=3)
(ng/Nm’) mean RSD(%) mean RSD(%) mean RSD(%) mean RSD(%) mean RSD(%) mean RSD(%)
2,3,7.8-TeCDD 0.001 127  0.006 138 029 360 0016 8.6 0018 139 0319 270
1,2,3,7.8-PeCDD 0.003 179 0022 667 118 377 0042 928 001 105 115 237
123478-HxCDD 0005 326 0013 125 0823 439 002 933 0003 571 0834 233
123,678HxCDD 0009 268 0022 115 141 438 0044 923 0004 506 139 167

34575

1,2,3789-HxCDD 0006 273 0018 48 0987 439 0042 915 0003 528 140 179
12,34,6,78-HpCDD  0.056 384 0117 120 519 511 0089 748 0014 396 455 281

0CDD 0105 422 0213 360 438 558 0076 430  0.022 243 405 471
2,3,7,8-TeCDF 0.009 147 0064 953 154 335 0095 813 0114 119 166 337
1,2,3,7,8-PeCDF 0013 180 0096 806 164 436 011 865 004 953 125 325
2,3,4.7 8-PeCDF 0023 239 0127 184 249 447 0152 885 0039 789 182 233
1,2,34,7,8-HxCDF 003 415 0116 141 169 464 0096 880 0013 406 1.65 375

1,2,3,6,78-HxCDF 0032 392 0122 124 182 486 0105 905 0018 429 176 349
2,34678-HxCDF 0004 1164 0009 117 008 502 0004 765 0001 173 0061 300
1,2,3,789-HxCDF 0036 385 0107 154 217 505 0067 8.1 0016 429 160 329
12,34,6,78-HpCDF 0149 581 0232 160 343 550 0125 719 0022 320 502 463
12,34,789-HpCDF 002 568 0035 183 0397 577 0015 640 0004 408 0357 406

OCDF 0.102 63.0 0.077 37.2 0.567 58.3 0.044 30.6 0.009 152 0.964 513
PCDDs 0.185 344 0.412 235 143 49 0.329 75.4 0.074 69.8 13.7 29.2
PCDFs 0.419 493 0.985 15.7. 15.8 47.7 0.813 80.8 0.276 853 16.1 36.1
PCDD/Fs ratio 0.464 20.3 0415 7.92 0.903 9.43 0.423 12.4 0.292 14.3 0.869 11.6
Total PCDD/Fs 0.604 4338 1.397 179 30.1 47.9 1.14 792 0.35 82 29.8 328
PCDDsng -TEQ/Nm®  0.005 216 0.024 8.5 1.26 393 0.049 90.7 0.024 128 1.30 229
PCDFs ng I-TEQ/Nm®  0.025 30.7 0.113 15.8 2.10 44.8 0.12 87.6 0.038 87.1 1.70 28.6

PCDD/Fs TEQ ratio 021 10.3 0217 10.3 0.616 9.47 0.395 742 0.495 533 0.78 9.18

Total ng I-TEQ/Nm® 0.030 291 0.137 143 3.35 427 0.168 88.5 0.062 103 3.00 25.8

Factor Analysis

To understand the underlying factors affecting the formation of PCDD/Fs in incinerators,
factor analysis (FA) was employed. In this work, factors were extracted using principal
component analysis (PCA), which involves varimax orthogonal rotation to determine the eigen
values of variance matrix of variables (Wilkinson et al., 1996; Johnson and Wichern, 2002).
Usually, those factors with eigen values exceeding unity were chosen. In Table 2, two factors,
Factor! and Factor2, are shown corresponding to the two leading eigenvalues of 6.251 and 5.506,
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respectively. Factorl explains 39.9% of all variance, and Factor2 explains 29.0% of all variance:
altogether representing 68.9% of the total variance. Factor] was strongly related (> 0.7) to:
1,2,3,7,8-PeCDD, OCDD; 2,3,4,7,8-PeCDF; 1,2,3,4,6,7,8-HpCDF; 1,2,3,4,7,8,9-HpCDF; and
OCDF. Factor2 was strongly related (> 0.7) to: 1,2,3,4,7,8-HxCDD; 1,2,3.6,7,8-HxCDD;

1,2,3,7,8,9-HxCDD; and 1,2,3,4,6,7,8-HpCDD.

Also, Fig. 1 shows that Factor] explains the major congeners of IWIa, IWIb, and MWT; while
both Factor] and Factor2 explain the major congeners of MSWI, CK, and CR. Chlorine-
containing wastes and precursors are known to be responsible for the formation of PCDD/Fs
(Dickson et al., 1989; Milligan and Altwicker, 1993); therefore, Factor] and Factor2 may likely
represent these two factors—chlorine-containing wastes and precursors; the latter is associated
with the products of incomplete combustion. Notably, formation of PCDD/Fs in relatively low

temperatures (250-350 °C) in dust-control device is also one important mechanism (Dickson et

al., 1992; Luijk et al., 1994).
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Fig. 2 shows the component plot, with Factor] as the horizontal axis and Factor2 as the vertical
axis. In the plot, the closeness of the emission sources to each other implies the similarity in their
congener profiles. The plot shows that CR and MSWI have similar fingerprints; similarly for
IWIb and MWI3.

Table 2. Factor analysis of PCDD/Fs in six stack-flue gases.

PCDD/Fs Factorl Factor2
2,3,7,8-TeCDD .608 -584
1,2,3,7,8-PeCDD 872 446
1,2,3,4,7,8-HxCDD 519 .845
1,2,3,6,7,8-HxCDD .539 .825
1,2,3,7,8,9-HxCDD .560 748
1,2,3,4,6,7,8-HpCDD 086 952
OCDD =727 353
2,3,7,8-TeCDF .556 - 708
1,2,3,7,8-PeCDF .698 -.660
2,3,4,7,8-PeCDF 700 -.440
1,2,3,4,7,8-HxCDF .028 .041
1,2,3,6,7,8-HxCDF 114 -101
2,3,4,6,7,8-HxCDF -.555 -.057
1,2,3,7,8,9-HxCDF -224 181
1,2,3,4,6,7,8-HpCDF -.863 276
1,2,3,4,7,8,9-HpCDF -.959 -.149
OCDF -.879 -131
Eigen value 6.251 5.506
Percentage of total variance 39.9 29.0
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Fig. 2. Component plot from factor analysis.
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Cluster Analysis

Cluster analysis, using nearest-neighbour method, was employed to divide the congener
profiles from different stack-flue gases into several groups (Johnson and Wichern, 2002). The
dendrogram in Fig. 3 from cluster analysis shows that if a vertical line is cut at a rescaled
distance of four, then the PCDD/F congener profiles fall into four groups, namely: GROUPI,
GROUP2, GROUP3, and GROUP4. GROUP1 comprises CK2 and CK3, and GROUP2
comprises MWI1 and MWI2, GROUP 3 comprises MSWI (MSWI1-MSWI3) and CR (CR1-
CR3) which is consistent with the results of similar fingerprints in these two processes discussed
carlier. GROUP4 is comprised of IWIb (IWIb1-IWIb3) and MWI3. IWla (IWlal-IWIa3) and
CK1 do not belong to any group. Generally, cluster analysis results (Fig. 3) agree fairly well with

factor analysis results shown in Fig. 2.

Indicators of PCDD/FS

Table 3 shows, based on the results of indicatory PCDD/F analysis, that IWla, IWIb, MSWI,
MWI, and CR have similar indicatory PCDD/Fs, which are OCDD, 1,2,3,4,6,7,8-HpCDF,
2,3,4,7,8-PeCDF, and 1,2,3,4,6,7,8-HpCDD. However, CK has quite different indicatory
PCDD/Fs from the other five incinerator types. This may be due to the fact that the feedstock

components of CK contain fewer organic compounds than the other incinerators do.
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Fig. 3. Dendrogram from cluster analysis.
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Table 3. The highest three indicatory PCDD/Fs of various PCDD/F emission sources.

PCDD/F emission sources Indicatory PCDD/Fs (ratio)
IWla — Industry Waste Incinerator 1,2,3,4,6,7,8-HpCDF (0.149)
OCDD (0.105)
OCDF (0.102)

IWIb — Industry Waste Incinerator 1,2,3,4,6,7,8-HpCDF (0.232)
OCDD (0.213)
2,3,4,7,8-PeCDF (0.127)
MSWI — Small Municipal Solid Waste 1,2,3,4,6,7,8-HpCDD (5.193)
Incinerator OCDD (4.38)
1,2,3,4,6,7,8-HpCDF (3.433)
MWI — Medical Waste Incinerator 2,3,4,7,8-PeCDF (0.152)

1,2,3,4,6,7,8-HpCDF (0.125)
1,2,3,7,8-PeCDF (0.110)

CK — Cement Kiln 2,3,7,8-TeCDF (0.114)
1,2,3,7,8-PeCDF (0.04)
2,3,4,7,8-PeCDF (0.0385)

CR - Crematory 1,2.3,4,6,7,8-HpCDF (5.020)
1,2,3,4,6,7.8-HpCDD (4.547)
OCDD (4.047)

Table 4. PCDD/F emission factors of various emission sources.

Emission factor

Stationary Source (ug I-TEQ/ton-feedstock) Reference
IWIs with baghouse 0.059+£31.3 This study
IWIs with cyclone and ESP 0.368 +14.3 This study

MSWIs with semi dry washing

tower and baghouse 187+432 This study
MWIs with Venturi scrubber and 370+ 837 This study
quench tower :
CK with ESP 0.0433 + 103 This study
CR without Qollution control 41,1 +27.6* This study
cquipment
Secondary ALS 50.1+62.5 (Chen et al., 2004)
Secondary ALS 0.63 - 200 (Lee et al., 2005)
Sinter plants with SCR 0.970 (Wang et al., 2003b)
Sinter plants without SCR 3.13 (Wang et al., 2003b)
EAFs 0.52-3.2 (Lee et al., 2005)
CR with bag filter 6.11% (Wang et al., 2003a)
CR without bag filter 13.6* (Wang et al., 2003a)

* Unit: pg I-TEQ/body

Emission Factors of PCDD/FS

Table 4 shows that the emission factors of PCDD/Fs herein were from 0.0433 (CK) to 18.7 pg
I-TEQ/ton-feedstock (MSWI), whereas previous studies yielded 0.52 to 200 pg I-TEQ/ ton-
feedstock (Wang et al., 2003a and 2003b). The PCDD/F emission factors of CR were 41.1 pg I-
TEQ/ body herein, a value which is around three times greater than the value reported by Wang
et al. (2003a). The PCDD/F emission factors of MSWI and MWI ranked second and third herein.
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It is known that precursors are responsible for the formation of PCDD/Fs. Therefore, the control
of feedstock components and the complete combustion of wastes are important in reducing the
emission of PCDD/Fs from the stack-flue gas.

CONCLUSIONS

(1) The total PCDD/F I-TEQ concentrations in the stack gases of IWla, IWIb, MSWI, MWTI,
cement kiln (CK) and crematory (CR) were 0.030, 0.137, 3.352, 0.168, 0.062, and 3.003
ng I-TEQ/Nm3, respectively. The total PCDD/F I-TEQ followed the order MSWI > CR
>MWI > IWIb > CK > IWla.

(2) The factor analysis results showed that CR and MSWI have similar fingerprints;
similarly between IWIb and MWI3. The cluster analysis showed that if a vertical line is
cut at a rescaled distance of four, then the PCDD/F congener profiles fall into four
groups. These two analyses generally yielded consistent results.

(3)  The indicators of PCDD/Fs of IWla, IWIb, MSWI, MWI, and CR were very similar.
They were OCDD, 1,2,3,4,6,7,8-HpCDF, 2,3,4,7,8-PeCDF, and 1,2,3,4,6,7,8-HpCDD,
which were quite different from those of CK.

(4)  The emission factors of PCDD/Fs herein were between 0.0433 (CK) and 18.7 (MSWI)
pg I-TEQ/ton-feedstock.

Since precursors are responsible for the formation of PCDD/Fs, additional studies should be
conducted to provide further understanding on their formation mechanisms during combustion-
related processes.
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Abstract

This study aims to evaluate the influence of start-up on polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans
(PCDD/Fs) concentration in the stack flue gas of incinerators and its contributing PCDD/F emission. The PCDD/F emission of the
first sample among three consecutive stack flue gas samples of five intermittent incinerators, which sampled at a stable combustion con-
dition after start-up, is 2-3 times higher than the mean of the others. For verifying the PCDD/F characteristics of incinerators during
start-up, one continuous MSWI was investigated for two years. The elevated PCDD/F emissions of the MSWI during start-up could
reach 96.9 ng I'-TEQ Nm™ and still maintained a high PCDD/F emission (40 times higher than the Taiwan emission limit) even
18 h after the injection of activated carbon, indicating the memory effect. Taking the MSWI for example, which consists of four inciner-
ators, the estimated annual PCDD/F emission from normal operational conditions was 0.112 g I-TEQ. However, one start-up procedure
can generate ~60% of the PCDD/F emissions for one whole year of normal operations. And the PCDD/F emission, which is the result of
the start-ups of four incinerators, was at least two times larger than that of a whole year’s normal operations, without consideration for
the PCDD/F emission contributed by the long lasting memory effect.

© 2006 Elsevier Ltd. All rights reserved.

Keywords: PCDD/Fs; Start-up; Incinerator; Memory effect

1. Introduction

After polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) were discovered
in the flue gases and fly ash of municipal solid waste
incinerators (MSWIs) in 1977 (Olie et al., 1977), PCDD/
Fs have become a serious issue in many countries because
of their toxicological effects and associated adverse health
implications.

Most research investigated the PCDD/F characteristics
and the induced hazardous effect of incinerators during

* Corresponding author. Tel.: +886 7 7310606x3921; fax: +886 7
7332204,
E-mail address: lewang@csu.edu.tw (L.-C. Wang).

0045-6535/3 - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.chemosphere.2006.10.081

normal operations. Till recently, several studies (Gass
etal., 2002; Lothgren and van Bavel, 2005; Neuer-Etscheidt
et al., 2006) have focused on the high PCDD/F emission
during the start-up of incinerators. The start-up of continu-
ous MSWIs is usually a cold start-up, which occurs after a
plant revision and consists of the following procedures: (H
Oil burning with a maximum fuel feed rate until the suitable
temperature for incineration (850 °C) is reached. (2) Start of
waste feeding and increasing feed rate until design load is
reached (Gass et al., 2002). However, for intermittent incin-
erators, the start-up procedure is a warm start-up, which
can be characterized by the furnace’s remaining tempera-
ture when it is started up again the next day.

Lothgren and van Bavel (2005) measured the PCDD/F
levels after a polishing wet scrubber continuously for
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18 months using long-time sampling equipment at a haz-
ardous waste incineration facility in Sweden. Each sam-
pling period lasted two weeks. Two dramatic risings of
TEQ levels were observed, both in the period just after a
maintenance stop of the plant, from 0.02 to 0.25ng
TEQ m~ and from 0.03 to 0.15ng TEQ m™>. Gass et al.
{2002) reported raw flue gas PCDD/F concentrations dur-
ing the start-up of a MSWI of up to 250 ng I-TEQ m % in
the heat-up phase. In contrast, Neuer-Etscheidt et al.
(2006) reported that PCDD/F I-TEQ crude gas concentra-
tions during the heat-up period were a little lower than
those during normal operations with waste as the fuel.
One reason for this difference may be the state of cleaning
of the boiler section. Immediately after waste was fed,
PCDD/F concentrations (46 ng I-TEQ m %) in the crude
gas increased by one order of magnitude compared to
normal operating conditions (3-4 ng I-TEQ m™>). Even
for a ship’s main engine, the highest PCDD/F emissions
have been measured for the start-up samples (0.1-0.4 ng
WHO-TEQkWh™! vs 0.03-0.1 ng WHO-TEQ kW h~!
during normal operations), which are characterized by
relatively poor combustion conditions (also high CO emis-
sions) {Cooper, 2005). However, still little research esti-
mated the generated PCDD/Fs during start-up to what
extent. Consequently, it is not yet possible to evaluate the
exposures and potential health risks during these condi-
tions (Mckone and Hammond, 2000).

In this study, five intermittently operating incinerators,
including one industrial waste incinerator (IWI), one waste
liquid incinerator (WLI) and three medical waste incinera-
tors (MW1Is) were measured for PCDD/Fs in the stack flue
gases when combustion condition reached stabilization
after start-up to evaluate the influence of memory effect
caused by start-up on PCDD/F emission. For verifying
the PCDD/F characteristics of incinerators during start-
up, one large scale continuously operating MSWI was cho-
sen to be investigated for two years. In the first year, a total
of five start-up stack flue gas samples were collected. For
more detailed characterization, the next year, a total of
10 stack flue gas samples were sampled and the sampling
time was changed so it’s more accordant with the start of
waste feeding. Only the 2,3,7,8-PCDD/F congeners in the
stack flue gases of the incinerator were measured because
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of their toxicities. The obtained results were not only com-
pared to the typical concentrations during normal opera-
tions of the MSWI but also evaluated for the PCDD/F
emission during start-up.

2. Experimental section
2.1. Basic information concerning the incinerators

The basic operation information concerning the inter-
mittent incinerators, including one IWI, one WLI and three
MWIs is described in Table 1. The feeding waste and air
pollution control devices (APCDs) between these three cat-
egories of incinerators are not similar, but each kind of
incinerator possesses its representation.

The continuously operating MSWI investigated for two
years in this study consists of four 450 ton day ™!, two-
stage, starved-air modular incinerators, each of which
includes its own heat recovery system, dry scrubber, acti-
vated carbon injection, bag filter and stack. During start-
up, the incinerators were preheated by burners operated
with diesel.

2.2. PCDDIF sampling

On a usual day, the intermittent incinerators were
started up in the morning and operated during the day.
At night, the combustion chamber cooled down. However,
in this study, the feeding waste was accumulated to enough
for three consecutive 3 h stack flue gas samples during nor-
mal operations after start-up, which is characterized by the
stable reading of combustion temperature and traditional
pollutant, like CO concentration.

The sampling time of each stack flue gas sample of the
MSWI during start-up was about 2-3 h and a total of five
samples were collected in the first year. For more detailed
characterization, the next year, the sampling time was
changed to once an hour and a total of 10 stack flue gas
samples were sampled.

The PCDD/F samples were collected isokinetically from
the stack flue gas of the selected incinerators according to
US EPA modified Method 23. The sampling train adopted
in this study is comparable with that specified by US EPA

Table 1
Basic information concerning these five intermittent incinerators
Emission sources W1 WLI MWI MWI MWI
Denotation A B C D E
Feeding waste (kgh™) Industrial waste ~ Waste liquid  Infectious and Infectious and Infectious and
(420) (200) pathological waste (400)  pathological waste (300)  pathological waste (300)
Auxiliary fuel (1 ™Y - Diesel (0.1) Diesel (22) Diesel (21) Diesel (19)
APCDs in sequence (operation  Cyclone (200) VS (50) DS (250) ACI BF (150) QC VS (90) DS (250) ACI BF (160)
temperature) (°C) BF (160)
Mean stack flue gas flow 8500 2900 4500 4000 6000

(Nm’h ™)

Activated carbon injection: ACI; Bag filter: BF; Dry scrubber: DS; Quench chamber: QC; Venturi scrubber: VS.
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Modified Method 5. Prior to sampling, XAD-2 resin was
spiked with PCDD/F surrogate standards pre-labeled with
isotopes, including *'Cl4-2,3,7,8-TCDD, '°C;»-1,2,3,4,7,8-
HxCDD, *C,-2,3,4,7,8-PeCDF, 1*C,,-1,2,3,4,7,8-HxCDF
and '°C;»-1,2,3,4,7,8,9-HpCDF. The recoveries of PCDD/
F surrogate standards were 101-123%, and met the criteria
within 70-130%. To ensure the free contamination of the
collected samples, one trip blank and one field blank were
also taken during the field sampling was conducted. Details
are similar to that given in our previous work (Wang et al.,
2003).

2.3. Analyses of PCDDIFs

Analyses of stack flue gas followed the US EPA modified
method 23, All chemical analyses were carried out by the
Super Micro Mass Research and Technology Center at
Cheng Shin University — the accredited laboratory in
Taiwan for PCDD/F analyses. Prior to analysis, each col-
lected sample was spiked with a known amount of the
13Cy,-labeled internal standard to the extraction thimble.
Add toluene to fill the reservoir approximately 2/3 full.
Adjust the heat source to cause the extractor to cycle three
times per hour. After being extracted for 24 h, the extract
was concentrated, treated with concentrated sulfuric acid,
and then followed by a series of sample cleanup and
fractionation procedures, including multilayer silica gel col-
umn, alumina column and activated carbon chromatogra-
phy. The eluate was concentrated to approximately 1 ml
and transferred to a vial. The concentrate was further con-
centrated to near dryness, using a stream of nitrogen.
Immediately prior to analysis, the standard solution for
recovery checking was added to the sample. The recoveries
of PCDD/F internal standards for the tetra- through hexa-
chlorinated homologues were between 65% and 98%, and
met the criteria within 40-130%, while that for the hepta-
and octachlorinated homologues were between 52% and
101%, and met the criteria within 25-130%.

A high-resolution gas chromatograph/high-resolution
mass spectrometer (HRGC/HRMS) was used for PCDD/
Fs analyses. The HRGC (Hewlett Packard 6970 Series
gas, CA, USA) was equipped with a DB-5MS fused silica
capillary column (L =60m, ID =0.25mm, film thick-
ness = 0.25 um) (J&W Scientific, CA, USA), and with a
splitless injection. Helium was used as the carrier gas. How-
ever, if a valley between peaks is more than 25% of the
lower of the two peaks for 2,3,7,8-TCDD and 2,3,7,8-
TCDF, the column had to be changed to DB-225 to
recheck isomer. The oven temperature program was set
according to follows: begin at 150 °C (held for 1 min), then
increased at 30 °C min~" to 220 °C (held for 12 min), then
increased at 1.5 °C min ! to 240 °C (held for 5 min), and
finally increased at 1.5°Cmin~' to 310°C (held for
20 min). The HRMS (Micromass Autospec Ultima, Man-
chester, UK) was equipped with a positive electron impact
(EI+) source. The analyzer mode of the selected ion mon-
itoring (SIM) was used with resolving power at 10000. The

electron energy and source temperature were specified at
35 ¢V and 250 °C, respectively. Details of analytical proce-
dures are given in our previous work (Wang et al., 2003).

3. Results and discussion

3.1. Influence of memory effect resulted from start-up on
PCDDIF emissions of the intermittent incinerators

The PCDD/F profiles of three consecutive stack flue gas
samples of these five intermittent incinerators were illus-
trated in Fig. I and revealed that the PCDD/F emission
of the first stack flue gas sample, which was sampled at a
stable combustion condition after start-up, was consider-
ably higher than that of the follow-up samples. For toxicity
basis, the first stack flue gas sample was 2-3 times higher
than the mean PCDD/F emission of the second and third
one. Fig. 1 also revealed that the PCDD/F profiles of the
three consecutive stack flue gas samples for each incinera-
tor declined with time. The reason for this is that the mem-
ory effect that resulted from the high PCDD/F emission of
the start-up contributed and changed the subsequent con-
centration and profiles significantly. But as time went by,
the influence of the memory effect on the PCDD/F emis-
sion faded away.

The memory effect caused by the wet scrubber resulted
from that PCDD/Fs are adsorbed on scrubber fillings (typ-
ically polypropylene (PP) plastics) and thus leading to
unexpected PCDD/F releases when the plant is running
under more stable conditions (Hunsinger et al, 1998;
Adams et al,, 2000; Takaoka et al., 2003). Compared to
that caused by start-up procedure, the memory effect
caused by the start-up can occur in all kinds of incinerators
with different APCDs, not only for those with wet scrub-
bers, for examples, the incinerators in this study are no
exception to this.

3.2. PCDDIF emission in the stack flue gases of the
MSWI under normal conditions

For more understanding of the memory effect that
resulted from the start-up, one continuous MSWI was cho-
sen to characterize the PCDD/F emission during start-up.
In the first instance, we need to establish the PCDD/F
characteristics of the MSWI during normal operation.

The stack flue gases of the MSWI were sampled five
times in different months under normal operation condi-
tions and a total of 25 samples were collected for PCDD/
F measurement. The mean PCDD/F concentration (nor-
malized to the dry flue gas conditions of 273 K and 11%
O,) in the stack flue gas was 0.0358 ng I-TEQ Nm~>
(range: 0.00273-0.0946 ng I-TEQ N m >, relative standard
deviations (RSD): 66.4%), while their corresponding mean
PCDD/F emission factor was 0.249 pg I-TEQ ton waste™!
(RSD: 69.0%), which is close to that (mean: 0.251 pg I-
TEQton waste !, range: 0.0512-0.561 ug I-TEQ ton
waste™") of the other 13 MSWIs in Taiwan (Lee et al.,
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Fig. 1. The PCDD/F profiles of three consecutive stack flue gas samples of the five intermittent incinerators.

20035) and is comparable to that (0.17 ug I-TEQ ton
waste™) of the MSWI (400 ton day™") in accordance with
the best control technologies (Giugliano et al., 2002).
Furthermore, five raw flue gas samples sampled in front
of the activated carbon injection and bag filter were also
measured for PCDD/Fs and the mean PCDD/F concentra-
tion was 0.610ng I-TEQNm™ (range: 0.231-1.52 ng
I-TEQ Nm >, RSD: 86.1%).

According to statistical data, there were ~448000 ton-
nes of waste incinerated by the MSWI investigated in

this study in 2005. By directly adopting the mean emis-
sion factors that were obtained from this study (0.249
ng L-TEQ ton waste™'), the total emission amount of
PCDD/Fs from the MSWI is ~0.112 g I-TEQ yr™ .

3.3. PCDDIF emission in the stack flue gases of the
MSWI during start-up

Table 2 listed the operation conditions and their corre-
sponding PCDD/F emission in the stack flue gases during
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PCDD/F emission in the stack flue gases of the MSWI during start-up in the first year’s investigation

Sample denotations Sampling day

Day one Day two

a b c d e
Sampling time 15:30-17:40 16:25-20:55 23:40-3:15 10:10-12:35 13:42-16:10
Passed time after bumer started (h) 5.5-1.7 9.4-11 13.7-17.3 24.2-26.6 28-30.2
Passed time after waste fed (h) - - - 5.2-7.6 9-11.2
Auxiliary fuel (1th™") 660 830 650 4 7
Temperature of combustion chamber (°C) 310 490 850 900 920
Primary air flow rate (N m” h™") 37500 34300 30900 50400 51000
Temperature in the inlet of superheater (°C) 190 240 360 490 500
Temperature in the inlet of economizer (°C) 150 210 300 330 340
O, Concentration after economizer (%) 22 22 22 11 7.3
Temperature of dry scrubber (°C) 130 160 210 240 230
Lime feeding rate (m>h™") 0 0 0.6 2.2 4.0
Temperature of bag filter (°C) 120 150 180 160 150
Activated carbon feeding rate (kg h™') 0 0 6 10 10
CO concentration in the stack flue gas (ppm) - - - 42 32
O, concentration in the stack flue gas (%) 18 17 14 8.3 8.7
PCDFs/PCDDs ratio 0.66 0.62 0.72 0.92 0.75
Total PCDD/Fs (ng Nm™) 83.8 328 68.2 42.9 10.7
PCDFs/PCDDs TEQ ratio 3.0 2.1 2.4 2.6 2.4
Total I-TEQ (ng FTEQ N m™) 2.09 12.2 3.34 2.28 0.507
— No data.

the cold start-up of the MSWI in the first year’s investiga-
tion. The PCDD/F concentrations (normalized to the dry
flue gas conditions of 273 K) in the stack flue gases during
the heat-up phase (samples a—c) were ranged at 2.09-
122ng I-TEQ Nm > while those that were ranged at
0.507-2.28 ng I-TEQ N 'm > were observed 5h after the
waste feeding process had started.

For more detailed characterization, during the following
year, the sampling time was changed to once an hour so it’s
more accordant with the start of waste feeding (see Table 3).
The PCDD/F concentration in the stack flue gases dur-
g the heat-up phase (samples a-d) was between 5.16
and 41.5 ng I-TEQ N m ™, which was higher than the first
year’s results (2.09-12.2 ng I-TEQ N m ). However, the
drastic PCDD/F emissions in the stack flue gases during
the heat-up phase of the two years’ investigation both
occurred at the combustion chamber’s temperature reach-
ing 490 °C. When the combustion chamber’s temperature
reaching 490 °C, the temperatures in the inlet of the super-
- heater and economizer were between 210 °C and 290 °C,
which were a little below the temperature region (250-
450 °C) of the PCDD/F optimal formation. Otherwise,
Clarke {2000), Gass et aj. (2003) and Neuer-Etscheidt
et al. (2006) reported that PCDD/F precursors (e.g., benz-
enes, phenols and chlorinated forms) are created in the fur-
nace at the highest rate in these temperature regions. In
fact, Benestad et al. (1990) reported that PAHs concentra-
tion during the start-up period was 2-16 times higher than
that during normal operation for three small MSWIs. Yas-
uda and Takahashi (1998) also determined the PAHs emis-
sion of four MSWIs during start-up, burning, and burn-out
and reported that during start-up conditions, PAH concen-

trations (7.7-248 pg N m™%) have been shown to be 12-77
times higher during burning (0.1-63.2 ng N m ). Conse-
quently, the drastic PCDD/F emissions occurred during
the heat-up phase is more related to the operational tem-
perature of the combustion chamber than to that of super-
heater and economizer.

But when the temperature of the combustion chamber
raised from 490 °C to 850 °C, the PCDD/F emissions
decreased from 12.2 ng I-TEQ N m ™ (no activated carbon
injection) to 3.34 ng I-TEQ N m ™ (activated carbon feed-
ing rate: 6 kg h™!) during the heat-up phase in the first
year’s investigation. The injection of activated carbon
and the elevated temperature of the combustion chamber,
i.e. the more completely combustion condition, may be
the reasons of drastic reduction of the PCDD/F emissions,
however, due to the intervals of up to several hours where
no samples were taken, which one is the most influence fac-
tor is needed to be clarified further.

In the first year, the temperature of the combustion
chamber reached 490 °C after burning for 10 h with the
average auxiliary fuel feeding rate of 7101h™! and the
average primary air of 35900 N m> h~! while in the second
year’s investigation, reaching the same combustion condi-
tion with a higher average auxiliary fuel feeding rate of
1150 Lh™" and a less primary air of 27700 Nm’h~.
The results revealed that the worse combustion efficiency
occurred in the second year and might result in the
PCDD/F concentration in the stack flue gases during the
heat-up phase (5.16-41.5ng I-TEQ N m~>) which has a
recording that is higher in the second year than that
of the first year (2.09-12.2 ng I-TEQ N m ™). Otherwise,
Neuer-Etscheidt et al. (2006) proposed that the state of
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cleaning of the boiler section could also resulted in the
PCDD/F crude gas concentrations during the heat-up per-
iod ranging from a little lower than those during normal
operations to 250 ng I-TEQ N m ™, which was reported
by Gass et al. (2002).

Another drastic elevated PCDD/F concentrations (from
41.5t096.9 ng I-TEQ N m ™) in the stack flue gas occurred
one hour after waste feeding (Table 3) and it declined to
23.1ng I-TEQ N m™? five hours after waste feeding, but
still maintained high PCDD/F concentration, 4.19 ng
I-TEQ Nm ™2, 40 times higher than the Taiwan emission
limit of 0.1 ng I-TEQ Nm™ even 18 h after the injection
of activated carbon, indicating the long lasting memory
effect. Neuer-Etscheidt et al. (2006) also observed that
immediately after waste was fed, PCDD/F concentrations
(46 ng I'TEQ m %) in the crude gas increased by one order
of magnitude compared to normal operating conditions
(3-4ng I-TEQ m™?). In this study, the raw gas in front
of the APCD had not been sampled so that it is unclear
that if the raw gas PCDD/F levels were still elevated at
18 h after the injection of activated carbon. However, the
CO concentration (21 ppm, see Table 3) at that time was
already in the range of normal operation condition, repre-
senting the well combustion condition and little PCDD/F
precursors, like benzenes, phenols and PAHs formed, so
we extrapolated that the high PCDD/F concentration,
4.19ng I'-TEQ Nm > at 18h after the injection of acti-
vated carbon, resulting from rather the memory effect than
the incomplete combustion at that time.

During the heat-up phase, no activated carbon is injected
prior to the bag filter in order to avoid ignitions of the acti-
vated carbon due to the high oxygen concentration in the
flue gas (see Tables 2 and 3). Although it may be one of
the reason that the PCDD/F concentration in the stack flue
gases was between 5.16 and 41.5ng I-TEQ Nm ™, how-
ever, by comparing to the PCDD/F concentration in the
raw flue gases in front of the activated carbon injection
and bag filter of the MSWI during normal operation (mean:
0.610ng I-TEQNm™ range: 0.231-1.52ng I-TEQ
N m ™), it revealed that a high PCDD/F emission during
the heat-up phase occurred due to the low furnace temper-
ature and the poor combustion condition. The surfaces of
the boiler and pipe were thus contaminated by the soot par-
ticles as well as hydrocarbons, which improved de novo
synthesis of PCDD/F formation during the subsequent
increase of the temperatures at these locations. Otherwise,
the high PCDD/F emission occurred during the start-up
procedure also increased the PCDD/F adsorption on the
APCDs, like wet scrubber and bag filter and then released
over a longer period of time.

3.4. PCDDIF emission quantity of the MSWI during
start-up

The profile of the PCDD/F emission rate of stack flue
gas with time during start-up of a two year investigation
is illustrated in Fig. 2 and the shadowed areas represent
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Fig. 2. PCDD/F emission rate from the stack flue gases of the MSWI
during startup.

the PCDD/F emission quantity of MSWI during start-up.
It revealed that one PCDD/F emission peak exists when
the combustion chamber’s temperature reaches 490 °C in
both the first and second year. However, owing to the inex-
perience regarding the sampling strategy, another high
PCDD/F emission peak resulted from the poor combustion
when waste being fed was not observed in the first year’s
investigation. After changing the sampling time to be more
accordant with the start of waste feeding, the PCDD/F pro-
file clearly showed the phenomenon of PCDD/F generation
and two high PCDD/F emission peaks with subsequently
slow declination on emission in the second year’s investiga-
tion. After calculating the shadowed areas, the estimated
PCDD/F emission quantity during start-up was 0.0658 g
I-TEQ in the second year’s investigation.

Incinerators are usually at least shut-down and started-
up once a year for maintenance. Taking the MSWI
investigated in this study for example, which consists of
four incinerators, the estimated annual PCDD/F emission
from normal operational conditions was 0.112 g I-TEQ.
However, one start-up procedure can generate ~60% of
that and the PCDD/F emission quantity resulted from
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the start-ups of four incinerators were at least two
(=0.0658 x 4/0.112) times larger than that of a whole year’s
normal operations, without consideration for the PCDD/F
emission contributed by the long lasting memory effect
because in this study the sampling period ended two days
after start-up.

According to the legislation of most countries, PCDD/F
measurements of incinerators only have to be conducted
once or twice annually and are usually under normal
and good operational conditions. Well over a 1000-fold
increase in PCDD/F concentration and a two-fold increase
in annual PCDD/F emission during the start-up proce-
dures. The days when a cold start-up occurs will thus
be much more significant than on the other days of nor-
mal operations. After properly evaluating the real total
PCDD/F emission, an effective risk management strategy
can be developed by assessing the relationship between
exposure and health.

4. Conclusions

The memory effect that resulted from the start-up
caused the PCDD/F concentration of the first stack flue
gas sample of the intermittent incinerators, which was sam-
pled at a stable combustion condition after start-up, ele-
vated as much as 2-3 times higher than the mean of the
follow-ups. During the start-up procedure of the MSWI,
two high PCDD/F emission peaks in the stack flue gas
were observed. One occurred when the combustion cham-
ber’s temperature reached 490 °C and the other occurred
at the moment when waste was first fed. The elevated
PCDD/F concentrations could reach 96.9 ng I-TEQ N m™>
and still maintained a high PCDD/F concentration (40
times higher than the Taiwan emission limit) even 18 h
after the injection of activated carbon, indicating the long
lasting memory effect. The PCDD/F emission over several
days resulted from the start-ups of the MSWI were at least
two times larger than that from a whole year’s normal
operations, without consideration for the PCDD/F emis-
sion contributed by the subsequent memory effect.

The obtained results revealed that the intermittent incin-
erators, due to their design or operational characteristics,
are prone to start-up procedure and should be replaced
by continuous incinerators or the operation schedule from
8 h to 5days a week should be changed to a continuous
two day operation.
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Crematory Emissions Data

Outline of Referenced Sources:
This is an outline of key points in several documents found to have useful information on the matter of toxins in crematory emissions.

viewed by following the finks in blue. Seme of the documsnis refersnced here have multiple source information. No representation higre s meant to imply
properly identified. For

The documents can be

h

ownership of this information. Every atiempt possible has been made to ensure that the authors of any maierial referenced here has been ¢
com dogs not accept

the sake of simplicity on this page, the source document has been linked. This information is for public service only, and nocremaz‘c;y
financial compensation or charge any fees for access to information. Please refer to these documents for verification of any facts or opinions represented on this

page. Thank You!

1. letter_from CONGRESS-Kucinich to EPA-Jackson {hitp://no2crematory.files.wordpress.com/2011/01/letter from gengress-kucinich to epa-jackson.pdf}.
Letter from US Congress written by Dennis Kucinich on Jar 15 2010, to Lisa P Jackson, US EPA, regarding mercury as a source of poliution through
dentat amalgam fillings. In this letter Kucinich tells the EPA that based on festimony from experts given to the Domestic Policy Subcommitiee:

a. "EPA has underestimated amount of mercury pollution that dental amaigams accounts for, thereby rendering the problem a lower priority than it would
otherwise he.”

b. Estimated mercury emissions data came from one test at a single crematory 10 years ago, based on that data the estimate was 0.3 tons.

c. Based on 2.9 grams mercury per cremated person {average based on number of amalgam fillings) a better estimate is 3.3 fons, eleven times the level
accounted for by EPA.

d. EPA is required by Clean Air Act to monitor emissions of mercury.

e. Congress requests EPA resvaluate and update mercury emissions from crematories, a devise a plan and timeline to address the preblem in a timely fashion.

2. EPA-response- to-CONGRESS-Kucinich (htip://no2crematory.files.wordpress.com/2011/01/epa-response -to-congress -kucinich.pd

Letter from Arvin Ganesan, response from US EPA to US Congress.

a. EPA recognizes that pollution from all sources of mercury is a serious concern to human health and the environment.

b. Mercury is well-documented as a toxic, environmentally persistent substance that demonstrates the ability for bioaccumulation and aimospheric

fransportation on a local, regional, and global scale.
¢. There is evidence that ... “serious health impacts from low-level exposure to mercury”
e. No siate regulations on sale or distribution of dental amalgam. Knowledge of mercury in fillings may drive future declines in use; however the expense of
non-mercury fillings can affect patients’ preference for amalgam.
f. EPA acknowledgss that mercury from amalgam is a source of controliable pollution; that mercury is released into the environment through cremation of
bodies containing dental amalgam.
g. Worksheet from EPA in 2005 estimated that US emissions from crematoria to be 3,000 kilograms {8,613 ibs)
h. No federal or state regulations restrict mercury emissions from crematoria.
. EPA intends to update mercury emissions, but “does not intend to regulate human crematoria at this time.’
j. EPA has concluded that human crematories were not solid waste incinerators; therefore it was not appropriate to regulate them under Clean Air Act Section
128.
k. If in the future EPA concludes that crematoria should be regulated other Clean Air Act Authorities could be used.

3. mercury concentrations
Mercury in Crematoria Using Flourescence Spectrometry - Saptember 2010 stucﬁv, Corns, Dexter and Stockwell, P § Analytical, UK

a. Mercury emissions from crematoria are almost entirely due to the presence of amalgam fillings in the cadaver.

b. Leads to “significant variation in the concentration of mercury emitted during each cremation.”

c. Testing was performed over the course of 4 separate cremations.

d. Mercury emissions in study had variance (ug/m-3 = micrograms per cubic meter) cremation #1 had 25.8 ug/m-3, #2 had 47.5 ug/m-3, #3 had 282.0 ug/m-3
and #4 had 1094.5 ug m-3 (THIS IS IMPORTANT. COMPARE TO ACTION SHEETS BELOW, These levels exceed the exposure levels by alarmingly high
concentrations.)

e. Mercury is released in a spike about 40 minutes into the cremation, during the heating up process, as mercury reaches the temperature threshold at which it
vaporizes.

f. Mercury released during a short period of time. (not gradually over time)

4. Hac ATSDR (httpy//noZcrematory.files.wordpress.com, 11/01/tfacts46

IndoorAlR ATSDR (hitpy//no2crematory.files.wordpress.com/201 1/01/indoorair_atsdr.pdf
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b, When heated, mercury becomes a colorie

Y others, becau

ry and Mercury vapors re harmful th

d. Can cause permanently damage the brain, kidneys and nervous systems.
e. Sensitive populations are those with developing nervous systems, including young children (under six) and the developing fetuses of preghant women.
~ jevel is indoar air concentration which should prompt consideration of the need to implement a personal response by public health and environmental

.. Indoor Alr Concentration must be less than 1.0 ug/m3 for residential occupancy after a spill. (NIOSH)

. OSHA has set limits of 0.1 mg/c3 organic mercury (milligrams per cubic meter) and 0.05 mg/c3 mercury vapors for 8 hr shifts and 40 hr work weeks.
i 10 ug/m3 requires residenis be isolated from exposure (ATSDR)

i. Pregnant women should consult physicians about mercury exposure

WIKI Page for Mercury Poisoning

Mercury poisoning (httpy//no2crematory.files.wordpress.com/2011/01/mercury poisoning.pdf)

5. htipy//www.osha.gov/SLTC/healthquidelines/mercurvvapor/recognition.htmi (hitp://www.osha.qov/SLTC/health uidelines/mercuryvaporfrecognitionhtml}
O8HA Guidelines for Mercury Yapor

1. Effects on Humans:

e Mercury vapor can cause effects in the:

« central and peripheral nervous systems,

= lungs, kidneys, skin and eyes in humans.

s |t is also mutagenic and affects the immune sysiem

« [Hathaway et al. 1981; Clayton and Clayton 1881; Rom 1892].

= Acuie exposure 1o high concentrations of mercury vapor causes severs respiratery damage.

"

chronic exposure to lower levels is primarily associated with:

@

ceniral nervous system damage

{Hathaway et al. 1991].

« Chronic exposure to mercury is also associated with behavioral changes and alterations in peripheral nervous system [ACGIH 1981]. Pulmonary effects of
mercury vaper inhatation include diffuse interstitial pneumonitis with profuse fibrinous exudation [Gosselin 1984]. Glomerular dysfunction and proteinuria have
baen observed mercury exposed workers [ACGIH 1891]. Chronic mercury exposure can cause discoloration of the cornea and lens, eyelid tremor and, rarely,
disturbances of vision and extraocular muscles [Grant 1986]. Delayed hypersensitivity reactions have been reported in individuals exposed to mercury vapor
[Clayton and Clayton 1981]. Mercury vapor is reported to be mutagenic in humans, causing ansuploidy in lymphocytes of exposed workers [Hathaway et al.
1991}

i

@

* Signs and symptoms of exposure</sirong

» Acute exposure: chills, nausea, gensral malaise, tightness in the chest, chest pains, dyspnea, cough, stomatitis, gingivitis, salivation, and diairhea
[ACGIH 1891; Hathaway of al. 1991L

= Chronic exposure: Chronic exposure to mercury may result in weakness, fatigue, anorexia, weight loss, and disturbance of gastrointestinal function.
A tremor may develop beginning with the fingers, evelids, and lips which may progress to generalized trembling of the entire body and violent chronic
spasms of the extremities. Parallel with development of the tremors, behavioral and personality changes may develop including increassd excitability,
memory loss, insomnia, and depression. The skin may exhibit abnormat blushing, dermographia, excessive sweating and irregular macular rashes.
Severe salivation and gingivitis is also characteristic of chronic toxicity [Hathaway et al. 1981; Gosselin 1884].

s Another manifestation of chronic mercury exposure is characterized by apathy, anorexia, flush, fever, a nephrotic syndrome with atbuminuria and
generalized edema, diaphoresis, photophobia, insomnia and g pruritic and sometimes painful scaling or peeling of the skin of the hands and feet with
bullous lesions [Gosselin 18841

8. Mercury Emissions {htto://no2crematory.files.wordpress.com/2011/01/mercury emissions.pdfl

John Reindl, Mercury Emissions from Crematoria {(Reind! testified before the Domestic Policy Subcommittee referred to in the letter from Kucinich. The
document referred to here is from his work in 2006. This is the data he shared during the portion of his testimeny that dealt specifically on crematory emissions.
» Main source of mercury in crematory emissions from dental amaigams

» Cremation is third largest source of air emissions from {(amalgam) products, 2436 kg a year in 2008

» Fate of emissions global

» Emissions mainly metallic vapor

+ Gontrol methodologies

» Removal of teeth before cremation , Stack controls: Co-flow filters, solid-bed filters, traditional gas scrubbing, honeycomb catalytic absorbers

+ Barriers to confrol methodologies:

+ Lack of recognition of need to control = For removing of teeth: culiural values for handling of corpse

» Costs and physical challenges of stack controls

+ Industry tradition — only one crematorium in US has stack controls

» Information needs: more data on amount of mercury per cremation, more expertise among researchers, regulators

', Scientific Explanation for the Tri-State incident (hitp://no2crematory.files.wordpress.com/2011/01/hgpressrelease.pdf)
AcCracken Poston, A scientific explanation for the evenis at Tri-State Crematory

.. Theoty of an external, environmental cause claimed not only the literal sanity and judgment of Ray-Brent Marsch, but also the health and ultimately the life
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d. Ray-Brent complained {o his wife of mercury toxXicity)
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mingly minor body

i. Hair sampled showed classic signature of mercury poisoning

Alarmingly high levels of heavy metals

ii. Mineral fransport impairment

3
s
-
)
Q
=
©@
o
Q
7]
D
(&}
j.
»
o
=
15}
s}
2

iv. Dr Boyd Haley, University of Kentucky Scientist has signed

‘e was on the part of the governmental regulat

f Fail

. Little or no guidelines exist regarding proper ventilation or placement of crematories.

in the State of Geo

or the loved ones & the curious.

. Case is over, no appeals for Marsch, paper written as an explanation
More about Mercury Here:

hitpi//no2crematory files.wordpress.com/2011/01/mercury_specialreport.pdf

8. Mercury.ToxicTimeBomb.Final (http://no2crematory.files. wordpress.com/2010/09/mergury-toxictimebomb-final.pdf)

Ban Mercury Working group Mercury Exposure: The World's Toxic Time Bomb

a. Human health is compromised by significantly smaller concentrations than ever imagined.

b. WHO concluded that “a safe level of mercury exposure ... has never been established.”

¢. Less than 1/50th of a teaspoon mercury per 20-acre lake surface is enough to make fish in it unsafe for human consurnption.

d. Methylmercury crosses bloed-brain barrier

e. Mercury persists in the environment and can be tracked indoors on clothss and shoes, re-exposing residents in enclosed buildings continually.

«w

. Texas Study Mercury-Autism Link (http://no2crematory.files.wordpress.com/2010/09/txstudy.pdf).
University of Texas “Environmental mercury release, special education rates, and autism disorder: and ecological study of Texas”
a. Concluded that for every 1000 ibs of environmentally released mercury, there was a 43% increase in the rate of special ed services, 61% increase in the rate

of autism. {mercury has long been suspected as the main culprit in the dramatic rse in autism rates}

10. toxic_emission from crematoriesfenv.intll (http://no2erematory.files.wordpress.com/2011/01/toxic emission from- crematorieseny -intl.

Environment International “Toxic Emissions from Crematories: A review”

a. Crematories have been identified as sources of various environmental pofiutants; being polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs}, and
mercury those raising most concern.

b. The pollutants emitted by the combustion of organic matter with presence of other trace alements are: combustion gases (NOx, GO, 802, PM.._}, heavy
metals, and polychiorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs), among other persistent organic poliutants. Heavy metals and PCDD/Fs, stand ut
because of their toxicity and capacity for bioaccumulation, which means potential risks for human health. Because of their toxicological properties, together with
thelr persistence capacity, PCDD/Fs were listed by the Stackholm Convention on Persistent Organic Pollutants of 2001 as one of the “dirty dozen” pollutants
whose levels should be significantly reduced.

©. As a result of the US Cremation Association's meeting with the US EPA in November 1991, it became known that the original regulations proposed for
crematories were based on no actual test data. Dental amalgams are unstable at cremation temperatures (850-700 °C), ... the free mercury metal is highly
volatile.

d. Concluded that threw was an increased risk of lethal congenital anomaly (specifically spina bifida and heart defects) in relation to proximity to incinerators,
and an increased risk of stilibirth and anencephalus in relation to proximity to crematoriums.

11. Characterizing the Emissions from Crematoria (http://no2crematory.files.wordpress.com/2010/08/crematory toxins1.pdf]

Enviranmenial Science Technology “Characterizing the Emissions of Polychlorinated Dibenzo-p-dioxins and Dibenzofurans from Crematories and Their impacts
to the Surrounding Environment”

a. Two crematories in Taiwan were iested, one with no emissions controls, the other with a bag filter.

b. The one with a bag filter removed 55.1% of the dioxins/furans, but both crematories still emitted significant amount of hoth compounds.

¢. Determined that crematories with a fow stack and no pollution controls are more of a threat to the community, but even after filtration, dioxin and furan levels
are still at concentration levels well above "safe” levels

d. US EPA has reported that there appears to be no “safe” fevel for dioxin exposure, and the levels of dioxin and dioxin-like chemicals found in the general U.S.
population were “at or near levels associated with adverse health effects:

8. Stacks on tested crematories were 5 m (16.4") and 6 m {19.7)

12. PennStateStudy-Crematory-property-values{2010) (htip://no2crematory.files.wordpress.com/2011/01/pennstatestudy-crematory-pro -values2010.nd
PENN State/University of Wyoming Study: “The impact of crematory operations on adjacent residential values”

a. Study of residential house sales in Rawlins, Wyoming, was conducted to estimate the impact of an environmental shock from & new point soutce upon
adjacent residential property values.

5. Data spans 27 months of house sales: 7 months before, and 20 months after the startup of crematory operations. Data based on actual home sales.

=. Studied both direction and wind patterns, determined downwind to be an important factor in study as it applies to atmospheric poliutants.

1. Rawlins City Planner issued a building permit to the subject mortuary to install & 40 ton, two-chamber, natural gas-fired Millennium |i crematory in a vehicie
storage garage adjacent to the mortuary building.

2. Controversy remains as to whether this Planner was authorized to issue a permit for this expanded, nonconforming use of an existing funeral hoime facility in
an area zoned for residences.




rton, 2005) thei
and determined tha

furan concenirations &

the one-hour US Environmental Protection Agency’s ‘remediation goal’ by 787%. with sulfur oxide, nitrogen oxide, chromium, and mercury concentrations

being from 43 to 74% of the Agency’s Nationai Standard or remediation goal. Cadmium, chromium. dioxin/furans, hydrogen chloride and mercury are foxins for

which any positive concentration may have human heaith impacts. (Wexler, 2005).

More links:
Crematory toxins (httpi//no2crematory.files.wordgress.com/2011/01/crematory_toxins.pdf)

Cadmium poisoning (http://noZerematory.files.wordpress.com/2010/08/cadmium_poisoning.pdf)

hitp://no2crematory.files.wordpress.com/2010/09/technical background report mercury.pdf
thttp://no2crematory.files.wordpress.com/2010/09/technical background report mercury.pdf)

hitp://no2crematory.files.wordpress.com/2010/09/smoke.pdf (httpi//no2crematory.files.wordpress.com/2010/09/smoke.pdf)
{hitp://no2crematory.files.wordpress.com/2010/09/polychiorinated dibenzofurans.pdf)

{hitp://ng2crematory.files.wordpress.com/2010/09/polychiorinated _dibenzofurans.pdf}

hitp://no2crematory.files.wordpress.com/2010/09/polvchlorinated dibenzofurans.pdf
(hitp://no2¢crematory.files.wordpress.com/2010/09/polvchiorinated dibenzofurans.pdf)

http://no2crematory.files.wordpress.com/2010/09/polychlorinated dibenzodioxins.pdf
(hitp://no2crematory.files.wordpress.com/2010/09/polychlorinated _dibenzodioxins.pdf}

hitp://no2crematory.files.wordpress.com/2010/0%/organochloride.pdf (http://no2¢rematory files.wordpress.con/2010/09/oraanochloride.pdf)
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Houge of Repregentatives
COMMITTEE ON OVERSIGHT AND GOVERNMENT REFORM
2157 Bavesurn House OFFICE BUILDING
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e
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January 15, 2010

The Honorable Lisa P. Jackson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue
Washington, DC 20460

Dear Administrator Jackson,

According to EPA, dentists historically use about 34 tons of mercury per year to place or
replace dental mercury fillings in Americans. Mercury contained in the existing dental fillings of
Americans is, in fact, one of the largest reservoirs of mercury in the United States. According to
one gsumate dental mercury comprises over half of all mercury in use today, amounting to over
1000 tons.' Dental mer cury is also a source of mercury pollution. EPA has developed several
emission factors for three routes of atmospheric emissions of mercury related to dental use of
mercury. They are: sewage sludge incineration, cremation of human remains containing
mercury fillings, and direct air emissions from dental offices.

However, we are concerned that EPA has underestimated the amount of pollution that dental
mercury accounts for, thereby rendering this problem a lower priority than it would otherwise
be. On the basis of testimony our subcommittee has received, and the findings of our
investigation, there appears to be ample justification for EPA to revise its emissions data. As
you are fully aware, improving the accuracy of the emissions data is an important first step in
improving regulation of dental mercury-source pollution. Yet even while the emission release
data is being updated, we strongly urge you to require meaningful reductions of dental mercury
into the water and air through goal-based regulatory controls, including mandatory employment
of best management practices and amalgam separators, which is similar to what you required
earlier when you were Commissioner of the New Jersey Department of Environmental
Protection.

"EPA International Mercury Market Study, cited in Mercury Policy Project, "Current Status of
US Dental Mercury Reduction Initiatives," (Oct. 12, 2007).




The Honorable Lisa P. Jackson
January 15, 2010

Disparities in Data for Mercury Emissions Related to Dental Use of Mercury

At a November 14, 2007 hearing of the Domestic Policy Subcommittee, testimony from
witnesses inside and outside the Agency revealed: 1) significant disparities between official EPA
estimates and other, more recent emissions estimates, and 2) no emissions estimates for a number
of significant additional pathways of dental mercury to the environment. For example, EPA has
estimated airborne mercury attributable to wastewater sludge incineration to be 0.6 tons per
year. Yet this figure, according to state regulatory officials and EPA itself, may significantly
undercount sludge-related mercury pollution. In total, EPA earlier estimated mercury emissions
from pathways related to dental use of mercury to be 1.5 tons per year, but in its March 6, 2008
response to my letter suggested that “.. .these emissions could be as much as two times
higher...” Based on testimony provided to the subcommittee, a more realistic estimate for
atmospheric emission of dental mercury could range from 7.1 tons per year to 9.4 tons per year,
or up to six times official EPA estimates.”

The Northeast States for Coordinated Air Use Management (NESCAUM) estimated that
mercury emissions from sludge incineration in the northeast alone amounted to 0.5 tons per
year.3 According to a northeast state official, “Sewage sludge incinerators were estimated to be
the third largest point source of mercury emissions in the northeast prior to regional requirements
that dentists use amalgam separators, and accounted for over 1,100 pounds of mercury or 12% of
total emissions. This estimate did not include releases from wastewater or land applied sewage
sludge, which would significantly increase the total.”* Furthermore, EPA admits that its mercury
emission data for sludge incineration is “poor,” a deficiency it attributes to both the small
number Osf facilities tested and the fact that these facilities were not a random sample of the
industry.

It also appears that EPA’s estimate of mercury emissions from cremation significantly
understates their actual magnitude. EPA estimated total mercury emitted as a byproduct of
cremation of human remains to be around 0.3 tons per year. This official estimate is based

? Testimony of Michael Bender, before the Domestic Policy Subcommittee (Nov. 14, 2007).

S NESCAUM, Inventory of Anthropogenic Emissions of Mercury, (Nov. 2005). Available at:
hitp://www.nescaum.org/documents/inventory-of-anthroprogenic-mercury-emissions-in-the-
northeast/

¥ Testimony of C. Mark Smith before the Domestic Policy Subcommittee, Oversight and
Government Reform Committee, (Nov. 14, 2007).

° Emission Factor Documentation for AP-42 Section 2.2, Sewage Sludge Incineration, Office of
Air Quality Planning and Standards, EPA, pp. 3-5 and 4-98, Jul. 1993. Available at:
http://www.epa.gov/ttn/chief/ap42/ch02/bgdocs/ b02s02.pdf




entirely on a single test conducted at a single crematorium 10 years ago, and fails to explain the
difference between the amount of mercury in fillings and the amount of mercury measured in
crematorium emissions.® However, an article published in 2007 authored by an EPA
environmental scientist estimates mercury emissions from cremation at about 3 fons per year, ten
times the earlier EPA estimate.” According to the Cremation Association of America, there are
about 1,900 crematoria in the US. Nationally, over 30% of Americans are now cremated, a
figure that is anticipated to rise to 43% by 2025. The 1998 Northeastern States Mercury Study
estimated that each person cremated had an average of 2 9 grams of mercury in fillings, and this
figure is still widely considered to be in the right range. ¥ From 2005 data, it is estimated that
about 3.3 tons of mercury were emitted by crematoria that year. ? In the model used, 25% of
these emissions were assumed attached to parficulates, which would settle to the ground locally
and be classified as land deposition, and 75% assumed to be elemental mercury emissions to the
atmosphere. Based on a literature review including ground deposition studies in New Zealand
and Norway it appears justifiable to allocate up to 90% of the mercury entering crematoria as
emissions to ﬂl@ atmosphere, with some of the balance retained, at least temporarily, in
combustion equipment and the stack.

During the next 25 years, emissions from crematoria are expected to rise considerably. There
are two simultaneous trends contributing to this: a rise in the average number of fillings per
person cremated (better dental health care has resulted in the retention of more teeth, and more
fillings, as people age), and a rise in the number of cremations. This will only eventually be
counter-balanced by the gradually increasing replacement of amalgam fillings with mercury-free
alternatives.

EPA has not developed emissions factors for a number of additional pathways
As pointed out in a letter to EPA dated February 11, 2008, there are a number of other dental

mercury-related air emissions for which EPA has not developed emission factors, including
dental mercury:

8 Appendix A: NEI Nonpoint HAP Source Estimates — Human Cremation, Footnote 3.

T Alexis Cain et al. “Substance Flow Analysis of Mercury Intentionally Used in Products in the
United States,” Journal of Industrial Ecology, Volume 11, Number 3 (2007).

8 J Reindl, Summary of References on Mercury Emissions from Crematoria, Dane County, (Nov.
3, 2008), available at: http:/www.ejnet.org/crematoria/reindl.pdf

' A Cain, S Disch, C Twaroski, J Reindl and CR Case, Substance Flow Analysis of Mercury
Intentionally Used in Products in the United States, Journal of Industrial Ecology, Volume 11,
Number 3.

A
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s in sludge that is landfilled or spread on agricultural or forest land, or that is diried
before it is used as fertilizer;

e ininfectious and hazardous waste; in general municipal waste;

s in human respiration;

e in waste removed as grit and fines at wastewater treatment plants and disposed of in
a variety of ways, and

e in combined sewer overflows.

EPA has Statutory Authority to Revise and Improve Emissions Data

As you know, EPA is required by the Clean Air Act (CAA) (codified at 42 U.S.C. §7401-
7671) to monitor emissions and develop emission standards for a number of hazardous air
pollutants, including mercury. Section 114 authorizes EPA to conduct inspections and to require
monitoring at emission sources for developing emission standards, determining violations and
“carrying out any provision of this Act.” Section 130 requires the Agency to "permit any person
to demonstrate improved emissions estimating techniques, and following approval of such
techniques, the Administrator shall authorize the use of such techniques.” Under the CAA, EPA
is moving forward with MACT standards to control releases from coal-fired power plants. EPA
has also recently published emission standards for mercury and other pollutants originating in
hazardous waste incinerators, mercury-cell chlor-alkali plants, iron and steel foundries, and
industrial boilers. But in spite of glaring deficiencies in its appreciation of the extent of
emissions that relate to dental mercury, EPA has chosen not to revise and improve its data as the
circumstances call for, and as the law requires.

Subcommittee Requests

We believe there is ample justification for EPA to invoke its authority to reevaluate and
update its own emissions estimating techniques, and to consider the whole range of mercury
emission sources atfributable to dental applications. We call upon EPA to do so in a timely
manner, and the Subcommittee looks forward to learning of EPA’s work plan and schedule to
address this issue.

To that end, we request that EPA provide the Subcommittee with a plan, complete with
projected dates, by which it will reevaluate and update its own mercury emissions factors for
wastewater sludge incineration and crematoria, and establish mercury emissions factors for:
sludge that is landfilled or spread on agricultural or forest land, or that is dried before it is used as
fertilizer; infectious and hazardous waste; general municipal waste; human respiration; waste
removed as grit and fines at wastewater treatment plants and disposed of in a variety of ways,
and combined sewer overflows. We request that EPA provide this plan to the Subcommittee
no later than Tuesday, February 16, 2010 at 5:00 p.m.




The Honorable Lisa P. Jack:
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The Oversight and Government Reform Committee is the principal oversight committee in
the House of Representatives and has broad oversight jurisdiction as set forth in House Rule X.

If'you have any questions regarding this request, please contact Jaron Bourke, Staff Director,
at (202) 225-6427.

Sincerely,
:.“\\ 1 %
s it
Dennis J. Kucinich Diane E. Watson
Chairman Member

Domestic Policy Subcommittee Domestic Policy Subcommittee




Anthropogenic emission of mercury into
the environment continues to cause
concern. Increasing control of
atmospheric mercury emissions is
resulting in the gradual overall fall in
mercury emissions. UK annual mercury
emissions are estimated to have fallen
from 40.7 t {0 6.9 t between 1982 and
2002.! In contrast to the overall fall,
mercury emissions from crematoria
have increased significantly. One
estimate shows annual mercury
emissions from UK crematoria more
than doubling from 0.36 110 0.82 1
between 1982 and 2002 with little
change in the number of cremations
performed.? The increase in emissions is
readily attributable to the use of
amalgam fillings and, due {o better
dental health, a large decrease in the
number of people edentate at the time
of death. Estimates of the mass of
mercury present in an average
cremation vary significanily, with
estimates generally between 0.9 g and
3.0 g.2 The mass present depends on
dental health practices, thus varying
with time period and with country.
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Figure I: Schematic of apparaius

Mercury emissions during the cremation
process are almost entirely due to the
presence of amalgem filings in the
cadaver. This leads to very significont
variation in the concentration of mercury
emitted, in each cremation.

the P §
amalgamation-atomic

Analytical S Galahad
fluorescence

spectrometer is a proven technique for the defermination of mercury in
a wide range of gaseous media. This arficle summarizes the results of a
study of mercury emissions on a single crematory stack at a UK
crematorivm and infroduces a Hg CEM, specifically designed to
continuously monitor mercury concentrations in cremation gases for
regulatory purposes or online process confrol of mercury abatement

equipment.

Instrumentation & Experimental

The PSA 10.680 system was designed to continuously monitor mercury
ernissions in incineration flue gas sireams. For crematorium systems this
consists of a PSA S123P100 heated dilution probe with pre-filter and
thermo-catalyst. Sample gas was drawn into probe by an eductor-
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Figure 2: Typical mercury in cremofory flue gas response. {Red lines indicale periods a cremotion was in progress.)

based dilution assembly and diluted 40:1 in compressed air. The probe
is heated and all sample-wetted components are constructed with
selected materials to avoid mercury losses. The diluted sample was
drawn through the Sir Golohod amalgamation-AFS analyser by a mass
flow controller [MFC) and pump assembly. The instrumentation was
calibrated using the PSA 10.536 Calibration gas generator, calibration
gas being infroduced at the probe upstream of the filter. The appaoratus
is shown schematically in Figure 1 and a typical response in Figure 2,

To test for the presence of oxidised mercury in the flue gas, a side
siream of the diluted sample gas was taken directly of the outlet fo the
probe and bubbled through an impinger containing 100 mi of 10 %
potassium chloride solution connected as closely as possible to the
sample probe. Flow control was by an MFC and pump downsiream of
the impinger. Sample was bubbled through the impinger for the duration
of a cremation, This was repeated for the four cremations shown in Figure
2. The capture solutions were then treated with hydrochloric acid and
potassium  bromide-bromate and the mercury concentration
determined by cold vapour AFS using the PSA 10.025 Millennium Merlin.
Results are presented in Table 1.

Cremation Mean Gas Phase Concentration
No.
[Hg*] [Hg'e Max. Oxidised
/fug m? /ug m? mercury (%)

i 19.6 25.8 75
2 27.3 47.5 57
3 100.4 282.0 36
4 3148 1094.5 29

Table 1: Speciation analysis for the four cremations

Discussion

The results shown in Figure 2 demonstrate the variobility in mercury
concenfration that occurs in crematoria flue gases. Only minimal
information is available about the deceased, making predictions of the
mercury concentration for a parficutar cremation difficult.
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Schematic Diagram of the Sir Galohad

In the example presented here low levels of mercury observed for
the first two cremations suggest that the deceased were edentate or
had no amalgam fillings, whereas the 3rd and 4th cremations show high
levels of mercury consistent with several amalgam filings. Where mercury
was present, it is emitied In a fairly short time period, approximately 40
min into the cremation cycle, this is consistent with the mercury
remaining in the filings unfil it evaporates during the combustion process.
This fight fime span of mercury removal is significant for any mercury
abatement process employed, as the removal system must be able to
handle spikes in concentration of several mg my®, with only background
levels between spikes. Thus, process control of the abatement system
with feedback from a mercury monitoring system could result in
significant cost savings compared to running the abatement system
continuously.

It is not possible in this case to estimate the mass of mercury emitted
in each cremation as the volumelric flow in the flue had not been
characterised. The data in Table 1 show that significant levels of oxidised
mercury were present in the flue gas. The variation in oxidation may be
due to differing levels of oxidising components, believed to be prncipally
HCI, between the different cremations. That at least g quarter of the
mercury present was oxidised has implications for any mercury
abatement system due to the different chemistries of elemental ond
oxidised mercury. Oxidised forms of mercury ore also water soluble and
are therefore more likely to present a localized pollution of mercury
during periods of precipitation compared to elemental mercury.

The various faciors discussed above were accounted for when the
Crematorium Hg CEM was designed. This system is described below:

PSA Cremaiorium Hg CEM

The PSA Crematorium Hg Confinuous Emission Monifor {CEM] consists of
fwo principal components: o dilution probe {S123P100} and an analyser
unit 10.665/10.680. The sample probe is designed to require minimal
maintenance and to be as small and unobirusive as possible for
installation in awkward locations.

for system calibrotion and validation test purposes, elemeniaol
mercury calibration gas generated within the CEM is automatically
intfroduced to the system upstream of ihe probe filter of flow rafes
suitable to totally displace the sample siream.

The diluted preconditioned sample is continuously delivered fc the
PSA 10.525F Continuous Sampling Sir Galohod analyser where ihe
mercury concentration is continuously determined by amalgomation
atornic flucrescence spectroscopy in less thon 3 minutes per sample {a
result is reporfed every 90 s). A carrier gas of compressed air is required.

Amalgamation-Atomic Fluorescence Speciroscopy

Hg is determined by the Sir Galahad analyser using amalgamation-
atomic fluorescence spectrometry. Mercury is coptured on the Amasili*
gold substrate by amalgamation, pre-concentrating the mercury and
separafing it from the sample matrix and thus overcoming potential
inferferences. Sample flow onto the Amasil tube is controlled by an MFC
and pump arongement o deliver on accurate sample volume fo the
analyser. Two Amasil™ tubes are used in parallel such thaf one fube is
sampling while the other is being desorbed to ensure that any fransient
mercury spikes are determined. A photograph and schematic flow
diagram is shown in Figures 3.

After sampling, the mercury collected is thermally desorbed into a
carier gos stream and subsequently delivered fo a non dispersive
atomic fluorescence specirometer where mercury is detected at 253.7
nm. The combination of AFS with amoigamation offers excellent
selectivity, an absolute detection fimit of 0.1 pg and up to 8 orders of
magnitude linearity.

Automation and System integration

The system is designed to operate with minimal user infervention. The
system can be operaied unattended for several months, with internat
QC checks performed automatically to ensure data validity. The system
can readily be integrated with other data hondling and control
equipment using a variety of different communication profocols.

Conclusion

The mercury emissions from a crematory have been studied by
amalgamation-atomic fluorescence spectroscopy. Mercury is eritted
in a short period approximately 40 min into the cremation.
The concentration emitted varies significantly but can be as high as
several mg m3. Both elemental and ionic mercury are emitted during
the cremation. The rafio of the two forms depends on the total level of
mercury being emitted.

The PSA Crematorium Hg CEM has been presented, this system is
specifically designed to determine mercury in crematorium flue gas for
process control of regulatory purposes. The system is designed fo
operate with minimal user intervention.

References
1. National Almospheric Emission Inventory, Emission Statistics by
UNECE Source Category: Inventory Yeor 2006, AEA Technology.
August 2008 (accessed onfine www.naei.org.uk Feb 2009)
2. M. Passant, Review of emission factors for mercury emitted from
cremation, AEA Technology, June 2004
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CAS # 7439-97-6
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This fact sheet answers the most frequently asked health questions (FAQs) about mercury. For more information,
call the ATSDR Information Center at 1-888-422-8737. This fact sheet is one in a series of summaries about
hazardous substances and their health effects. It’s important you understand this information because this
substance may harm you. The effects of exposure to any hazardous substance depend on the dose, the duration,
how you are exposed, personal traits and habits, and whether other chemicals are present.

HIGHLIGHTS: Exposure to mercury occurs from breathing contaminated air,
ingesting contaminated water and food, and having dental and medical treatments.
Mercury, at high levels, may damage the brain, kidneys, and developing fetus. This
chemical has been found in atleast 714 of 1,467 National Priorities List sites identified
by the Environmental Protection Agency.

What is mercury?
(Pronounced miur’kyo-rg)

Mercury is a naturally occurring metal which has several
forms. The metallic mercury is a shiny, silver-white, odorless
liquid. If heated, it is a colorless, odorless gas.

Mercury combines with other elements, such as chlorine,
sulfur, or oxygen, to form inorganic mercury compounds or
“salts,” which are usually white powders or crystals. Mercury
also combines with carbon to make organic mercury com-
pounds. The most common one, methylmercury, is produced
mainly by microscopic organisms in the water and soil. More
mercury in the environment can increase the amounts of meth-
ylmercury that these small organisms make.

Metallic mercury is used to produce chlorine gas and
caustic soda, and is also used in thermometers, dental fillings,
and batteries. Mercury salts are sometimes used in skin light-
ening creams and as antiseptic creams and ointments.

What happens to mercury when it enters the
environment?

U Inorganic mercury (metallic mercury and inorganic mer-
cury compounds) enters the air from mining ore deposits,
burning coal and waste, and from manufacturing plants.

[l It enters the water or soil from natural deposits, disposal of
wastes, and volcanic activity.

3 Methylmercury may be formed in water and soil by small
organisms called bacteria.

Methylmercury builds up in the tissues of fish, Larger and
older fish tend to have the highest levels of mercury.

How might I be exposed to mercury?
[ Eating fish or shellfish contaminated with methylmercury.

{1 Breathing vapors in air from spills, incinerators, and indus-
tries that burn mercury-containing fuels.

{1 Release of mercury from dental work and medical treatments.

Breathing contaminated workplace air or skin contact dur-
ing use in the workplace (dental, health services, chemical,
and other industries that use mercury).

L1 Practicing rituals that include mercury.

How can mercury affect my health?

The nervous system is very sensitive to all forms of mer-
cury. Methylmercury and metallic mercury vapors are more
harmful than other forms, because more mercury in these forms
reaches the brain. Exposure to high levels of metallic, inor-
ganic, or organic mercury can permanently damage the brain,
kidneys, and developing fetus. Effects on brain functioning
may result in irritability, shyness, tremors, changes in vision or
hearing, and memory problems.

Short-term exposure to high levels of metallic mercury
vapors may cause effects including lung damage, nausea,

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, Public Health Service

Agency for Toxic Substances and Disease Registry
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vomiting, diarrhea, increases in blood pressure or heart rate,
skin rashes, and eye irritation.

How likely is mercury to cause cancer?

There are inadequate human cancer data available for all
forms of mercury. Mercuric chloride has caused increases in
several types of tumors in rats and mice, and methylmercury
has caused kidney tumors in male mice. The EPA has deter-
mined that mercuric chloride and methylmercury are possible
human carcinogens.

How can mercury affect children?

Very young children are more sensitive to mercury than
adults. Mercury in the mother’s body passes to the fetus and
may accumulate there. It can also can pass to a nursing infant
through breast milk. However, the benefits of breast feeding
may be greater than the possible adverse effects of mercury in
breast milk.

Mercury’s harmful effects that may be passed from the
mother to the fetus include brain damage, mental retardation,
incoordination, blindness, seizures, and inability to speak.
Children poisoned by mercury may develop problems of their
nervous and digestive systems, and kidney damage.

How can families reduce the risk of exposure to
mercury?

Carefully handle and dispose of products that contain
mercury, such as thermometers or fluorescent light bulbs. Do
not vacuum up spilled mercury, because it will vaporize and
increase exposure, If a large amount of mercury has been
spilled, contact your health department. Teach children not to
play with shiny, silver liquids.

Properly dispose of older medicines that contain mercury.
Keep all mercury-containing medicines away from children.

Pregnant women and children should keep away from

rooms where liquid mercury has been used.

Learn about wildlife and fish advisories in your area
from your public health or natural resources department.

Is there a medical test to show whether I’ve been
exposed to mercury?

Tests are available to measure mercury levels in the body.
Blood or urine samples are used to test for exposure to metallic
mercury and to inorganic forms of mercury. Mercury in whole
blood or in scalp hair is measured to determine exposure to
methylmercury. Your doctor can take samples and send them to
a testing laboratory.

Has the federal government made
recommendations to protect human health?

The EPA has set a limit of 2 parts of mercury per billion
parts of drinking water (2 ppb).

The Food and Drug Administration (FDA) has set a maxi-
mum permissible level of 1 part of methylmercury in a million
parts of seafood (1 ppm).

The Occupational Safety and Health Administration
(OSHA) has set limits of 0.1 milligram of organic mercury per
cubic meter of workplace air (0.1 mg/m®) and 0.05 mg/m? of
metallic mercury vapor for 8-hour shifts and 40-hour work
weeks,

References

Agency for Toxic Substances and Disease Registry
(ATSDR). 1999. Toxicological profile for mercury. Atlanta,
GA: U.S. Department of Health and Human Services, Public
Health Service.

Where can I get more information?

For more information, contact the Agency for Toxic Substances and Disease
Registry, Division of Toxicology, 1600 Clifton Road NE, Mailstop F-32, Atlanta, GA 30333. Phone: 1-888-422-8737,
FAX: 770-488-4178. ToxFAQs Internet address via WWW is http://www.atsdr.cde.gov/toxfaq.html  ATSDR can tell you
where to find occupational and environmental health clinics. Their specialists can recognize, evaluate, and treat illnesses
resulting from exposure to hazardous substances. You can also contact your community or state health or environmental
quality departiment if you have any more questions or concerns.
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Suggested Action Levels for ‘
Indoor Mercury Vapors in Homes A SE AR RECTRY

General Exposure Assessment Considerations: The primary route of entry for metallic
mercury is by inhalation; ingestion and skin absorption of this form of mercury is usually not
biologically significant. Sensitive populations to mercury exposure are those with developing
central nervous systems, including young children and the fetuses of women who are pregnant.
Other individuals of potential concern are those with pre-existing kidney conditions, usually at
exposures to much higher concentrations than the first group. The specific exposure of these
groups in any given situation should be considered when assessing the need for any given
response action. Specific concerns are mentioned in the tables below. If there is any doubt,
responders should consult with state or local public health officials before deciding on a course of
action. Responders may also contact ATSDR at 404-639-0615, 24 hours a day.

Exposure Assumptions for Different Settings: For the purposes of this document, the
residentially exposed population includes infants, small children, and pregnant women presumed
to have inhaled mercury for a period up to 24 hours per day, 7 days per week potentially for
months or even years. Occupational or commercial settings include those individuals that are
primarily healthy adults exposed up to 8-10 hours per day, 40 hours per week, with transient
exposures by sensitive populations (e.g., a retail establishment or schools). The concentrations
provided as suggested action levels are for comparison to the environmental data collected in
affected residences and workplaces.

Background: An action level is an indoor air concentration of mercury vapor, which should
prompt consideration of the need to implement a recommended response by public health and
environmental officials. The various suggested action levels provided in this document are
intended as recommendations, not as regulatory values or cleanup values, although some may
correspond to present or future values adopted by regulatory authorities. The suggested action
levels presented in this document recognize that an individual must be exposed to a sufficient
concentration over some specific period of time in order for mercury vapor to cause adverse
health effects. The suggested action levels also recognize that while individual susceptibility may
vary, developing fetuses and young children under six years old are generally at higher risk than
others of incurring adverse health effects from exposure to mercury vapor. If the indoor air
concentration corresponding to any suggested action level is exceeded, then a potential health risk
may be present, and responders should evaluate the exposures at that location and consider
implementing appropriate protective measures to reduce or eliminate the risk.

The suggested action levels presented here are based on data available in ATSDR’s Toxicological
Profile for Mercury (1999) or in the Hazardous Substance Databank of the Toxicology Data
Network at the National Library of Medicine. ATSDR has also made use of additional data
collected by the US Environmental Protection Agency (US EPA) and of specific experiences at
other sites. Other factors considered in the development include available information on normal
background levels and analytical detection limits of various techniques for evaluating airborne
contamination. Any information specific to the exposures at any given location as described
below should also be considered before implementing a response action.




These suggested action levels are extrapolated from health guidance values (HGVs)
independently developed by two federal agencies, ATSDR and EPA. These HGVs are based on
both animal studies and human epidemiology studies that detail the health effects of inhalation of
mercury-contaminated air. ATSDR has developed a chronic Minimal Risk Level (MRL) of

0.2 ug/ms that is based on a 1983 study of workers exposed to an average Lowest Observed
Adverse Effect Level (LOAEL) of 26 ug/ms over an average of 15 years. This workplace average
exposure was adjusted from a 40 hour per week exposure to a 168 hour per week exposure (i.e.,
24 hours/day, 7 days/week) and then divided by an uncertainty factor of 30 to account for the use
of'the LOAEL and the different sensitivities of individuals. In addition, EPA has used the same
study to develop a Reference Concentration (RfC) of 0.3 ug/ms, using different assumptions and
uncertainty factors. ATSDR considers the RfC and the Chronic MRL to be the same value for all
practical purposes. A MRL, then, is defined as an estimate of the daily exposure level to a
hazardous substance (in this case, metallic mercury) that is likely to be without appreciable risk of
adverse, non-cancer health effects (metallic mercury is not considered to be a carcinogenic
substance) over a specific exposure route and duration of exposure. For further information, see
Section 2.5, Chapter 7, and Appendix A of the ATSDR Tox Profile and the EPA's Integrated Risk
Information System (IRIS) on the Internet at www.epa.gov/iriswebp/iris/index.html

Suggested Action Levels for Mercury (CAS # 7439-97-6)

Indoor Air Use of the Action Level Method of Reference
Concentration Analysis *
(ug/m 3)
<1.0 Level acceptable for occupancy of any NIOSH 6009 or Real-time ATSDR HGVs 1999.
structure after a spill (also called the air monitoring with Lumex BPA/IRIS
residential occupancy level) or equivalent
10 Isolate residents from the Real-time air monitoring ATSDR, 1999.
exposure instrument (i.e., Jeromem or
Lumex meter equivalent)
10 Acceptable level in a Real-time air monitoring
modified test procedure to allow personal instrument (i.e., Jeromen or
effects to remain in the owner's Lumex meter equivalent)
possession
3.0 Re-occupancy after a spill of an NIOSH 6009 or equivalent ATSDR HGVs 1999.
occupational or commercial sefting where EPA/IRIS
mercury is not usually handled.
25 Occupational settings where mercury is Real-time air monitoring HSDB, 1999
handled. & instrument (i.e., Jeromer or
Lumex meter equivalent)
25 Response Worker Protective Equipment Real-time air monitoring 29 CFR 1910.120; 40 CFR
Upgrade. & instrument (i.e., Jeromem or | 311; NIOSH, 1987
Lumex meter equivalent)
10,000 IDLH. Response Workers Real-time air monitoring 29 CFR 1910.120; 40 CFR

Protective Equipment upgrade.

mstrument (i.e., Jeromem or
Lumex meter equivalent)

311;NIOSH 1987

Environmental analysis should be in accordance with the requirements specified by
environmental authorities. When real-time air monitoring instruments are specified in this table,
laboratory analysis may be substituted at the discretion of the risk managers involved in the event.
Operation of real-time instruments should be in accordance with manufacturer's instructions.

& Women workers in these settings who are pregnant or attempting to become pregnant should
consult their physicians regarding their mercury exposure.
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Occupational Safety and Health Guideline for Mercury Vapor

DISCLAIMER:

These guidelines were developed under contract using generally accepted secondary sources. The protocsl used by the
contractor for surveying these data sources was developed by the National Institube for Occupational Safety and Health
(NIOSH), the Occupational Safety and Health Administration (OSHA), and the Department of Energy (DOE). The information
contained in these guidelines is intended for reference purposes only. Nene of the agencies have conducted a
comprehensive check of the information and data contained in these sources. It provides a summary of information about
chemicals that workers may be exposed to in their workplaces. The secondary sources used for supplements iit and 1V
were published before 1992 and 1893, respectively, and for the remainder of the guidelines the secondary sources used
were published before September 1996. This information may be superseded by new developments in the field of industrial
hygiene. Therefore readers are advised to determine whether new information is available.

Introduction | Recognition | Controls | References

Introduction

This guideline summarizes pertinent information about mercury vapor for workers and employers as well as for physicians, industrial hygienists, and other
occupational safety and health professionals who may need such information to conduct effective occupational safety and health programs. Recommendations may
be superseded by new developments in these fields; readers are therefore advised to regard these recommendations as general guidelines and to determine
whether new information is available.

Recognition

SUBSTANCE IDENTIFICATION

* Formula
Hg

* Structure
(For Structure, see paper copy)

* Synonyms
None reported.
* Identifiers

1. CAS No.: 7439-97-6

2. RTECS No.: OV4550000

3. Specific DOT number: None
4. Specific DOT label: None

* Appearance and odor

Mercury vapor is the vapor generated from elemental liquid mercury or compounds of mercury. No information is available on the appearance or odor of mercury
vapor.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data

. Atomic weight: 200.59

. Boiling point: Not applicable.

. Specific gravity: Not applicable.

Vapor density: Data not available.
Melting/Freezing point: Not applicable.
Vapor pressure: Not applicable.
Solubility: Not applicable.

Evaporation rate: Not applicable.

* Reactivity

N N




1. Corditions contributing to instability e reporied,
2. Incompaiibiliies: None reparted.

3. Hazardous decomposition products: Not apolicable
4, Special precautions: None reported,

* Flammability
The National Fire Protection Association has not assigned a flammability rating to mercury vapor.

. Flash point: Not applicable.

. Autoignition temperature: Not applicable.

. Flammable limits in air: Not applicable.

Extinguishant: Use an extinguishant that is suitable for the materials involved in the surrounding fire.

Fires involving mercury vapor should be fought upwind from the maximum distance possible. Isolate the hazard area and deny access to unnecessary personnel.
Firefighters should wear a full set of protective clothing and self-contained breathing apparatus when fighting fires involving mercury vapor.

:&ri—‘-

EXPOSURE LIMITS

* OSHA PEL

The current Occupational Safety and Health Administration (OSHA) permissible exposure limit (PEL) for mercury vapor is 0.1 milligram per cubic meter (mg/m(3))
of air as a ceiling limit. A worker's exposure to mercury vapor shall at no time exceed this ceiling level.

* NIOSH REL

The National Institute for Occupational Safety and Health (NIOSH) has established a recommended exposure limit (REL) for mercury vapor of 0.05 mg/m(3) as a
TWA for up to a 10-hour workday and a 40-hour workweek. NIOSH also assigns a "Skin" notation, which indicates that the cutaneous route of exposure, including

mucous membranes and eyes, contributes to overall exposure [NIOSH 1992].

* ACGIH TLV

“The American Conference of Governmental Industrial Hygienists (ACGIH) has assigned mercury vapor a threshold limit value (TLV) of 0.025 mg/m(3) as a TWA for
a normal 8-hour workday and a 40-hour workweek and considers mercury vapor an A4 substance (not classifiable as a human carcinogen). The ACGIH also

assigns a "Skin" notation to mercury vapor [ACGIH 1994, p. 25].

* Rationale for Limits

The NIOSH limit is based on the risk of central nervous system damage, eye, skin, and respiratory tract irritation [NIOSH 19921
The ACGIH has not published documentation for the current TLV for mercury vapor. The 1991 Documentation of Threshold Limit Values (6th edition) discusses the

basis for the prior TLV of 0.05 mg/m(3), but does not discuss the current TLV for mercury vapor [ACGIH 1991, p. 881].
HEALTH HAZARD INFORMATION

* Routes of Exposure

Exposure to mercury vapor can occur through inhalation, and eye or skin contact.

* Summary of toxicology

1. Effects on Animals: Mercury vapor can damage the kidneys, liver, brain, heart, lungs and colon in experimental animals. It is also mutagenic and can affect
the immune System. Rabbits exposed for a single 4 hour period to mercury vapor at a concentration of 28.8 mg/m(3) developed severe damage to the
kidneys, liver, brain, heart, lungs, and colon [Clayten and Clayton 1981]. Rabbits exposed to 0.86 mg/m(3) for 6 weeks had significant brain and kidney
damage, which resolved on cessation of exposure. Exposure to 6 mg/m(3) mercury vapor caused severe damage to the kidney, heart, lung, and brain of
rabbits; however, dogs exposed to 0.1 mg/m(3) for 83 weeks had no microscopic indication of tissue damage [Clayion and Clayton 1981]. Mercury may
injure the kidneys through an autoimmune mechanism [ACGIH 1991]. Mercury was mutagenic in eukaryotic cells [ACGIH 1991].

2. Effects on Humans: Mercury vapor can cause effects in the central and peripheral nervous systems, Iungs, kidneys, skin and eyes in humans. It is also
mutagenic and affects the immune system [Hathaway et al. 1991; Clayton and Clayton 1981; Rom 1992]. Acute exposure to high concentrations of mercury
vapor causes severe respiratory damage, while chronic exposure fo lower levels is primarily associated with central nervous system damage [Hathaway et
al. 1991]. Chronic exposure to mercury is also associated with behavioral changes and alterations in peripheral nervous system [ACGIH 1991]. Pulmonary
effects of mercury vapor inhalation include diffuse interstitial pneumonitis with profuse fibrinous exudation [Gosselin 1984]. Glomerular dysfunction and
proteinuria have been observed mercury exposed workers [ACGIH 1991]. Chronic mercury exposure can cause discoloration of the cornea and lens, eyelid
tremor and, rarely, disturbances of vision and extraocular muscles [Grant 1986]. Delayed hypersensitivity reactions have been reported in individuals
exposed to mercury vapor [Clayton and Clayton 1981]. Mercury vapor is reported to be mutagenic in humans, causing aneuploidy in lymphocytes of

exposed workers [Hathaway et al. 1991].
* Signs and symptoms of exposure

1. Acute exposure: Acute inhalation of mercury vapor may result in toxicity similar to metal fume fever including chills, nausea, general malaise, tightness in
the chest, chest pains, dyspnea, cough, stomatitis, gingivitis, salivation, and diarrhea [ACGIH 1991; Hathaway et al. 1991].

2. Chronic exposure: Chronic exposure to mercury may result in weakness, fatigue, anorexia, weight loss, and disturbance of gastrointestinal function. A
tremor may develop beginning with the fingers, eyelids, and lips which may progress to generalized trembling of the entire body and violent chronic spasms
of the extremities. Parallel with development of the tremors, behavioral and personality changes may develop including increased excitability, memory loss,
insomnia, and depression. The skin may exhibit abnormal blushing, dermographia, excessive sweating and irregular macular rashes. Severe salivation and
gingivitis is also characteristic of chronic toxicity [Hathaway et al. 1991; Gosselin 1984]. Another manifestation of chronic mercury exposure is characterized
by apathy, anorexia, flush, fever, a nephrotic syndrome with albuminuria and generalized edema, diaphoresis, photophobia, insomnia and a pruritic and
sometimes painful scaling or peeling of the skin of the hands and feet with bullous lesions [Gosselin 1984].

EMERGENCY MEDICAL PROCEDURES

* Emergency medical procedures: [NIOSH to supply]
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ker from further exposure and implement appwopriate emergency procedures {e.g., those listed on the Material Safet

Sheet required by OSHA's Hazard Communication Standard [29 CFR 1910.12007). All workers should be familiar with emergency procedures, the location and
proper use of emergency equipment, and methods of protecting themselves during rescue operations.,

EX?@SHRE SOURCES AND CORTROL METHODS

The following operations may involve mercury and lead to worker exposures to the vapor of this substance:

s The mining, production, and transportation of mercury

= The mining and refining operations for gold and silver ores

= Use in thermometers, manometers, barometers, gauges, and valves

= Use in amalgams for dentistry, preservatives, heat transfer technology, pigments, catalysts, and in lubricating oils

Methods that are effective in controlling worker exposures to mercury vapor, depending on the feasibility of implementation, are as follows:

= Process enclosure

Local exhaust ventilation

= General dilution ventlation

a Personal protective equipment

Workers responding to a release or potential release of a hazardous substance must be protected as required by paragraph (q) of OSHA's Hazardous Waste
Operations and Emergency Response Standard [29 CFR 1910.120].

Good sources of information about control methods are as follows:

1. ACGIH [1992]. Industrial ventilation--a manual of recommended practice. 21st ed. Cincinnati, OH: American Conference of Governmental Industrial
Hygienists.

Burton DJ [1986]. Industrial ventilation--a self study companion. Cincinnati, OH: American Conference of Governmental Industrial Hygienists.
Alden JL, Kane JM [1982]. Design of industrial ventilation systems. New York, NY: Industrial Press, Inc.

Wadden RA, Scheff PA [1987]. Engineering design for control of workplace hazards. New York, NY: McGraw-Hill.

Plog BA [1988]. Fundamentals of industrial hygiene. Chicago, IL: National Safety Council.
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Controls

MEDICAL SURVEILLANCE

OSHA is currently developing requirements for medical surveillance. When these requirements are promulgated, readers should refer to mem for additional
information and to determine whether employers whose employees are exposed to mercury vapor are required to implement medical surveillance procedures.

* Medical Screening

Workers who may be exposed to chemical hazards should be monitored in a systematic program of medical surveillance that is intended to prevent occupational
injury and disease. The program should include education of employers and workers about work-related hazards, early detection of adverse health effects, and
referral of workers for diagnosis and treatment. The occurrence of disease or other work-related adverse health effects should prompt immediate evaluation of
primary preventive measures (e.g., industrial hygiene monitoring, engineering controls, and personal protective equipment). A medical surveillance program is
intended to supplement, not replace, such measures. To detect and control work-related health effects, medical evaluations should be performed (1) before job
placement, (2) periodically during the term of employment, and (3) at the time of job ransfer or termination.

* Pre-placement medical evaluation

Before a worker is placed in a job with a potential for exposure to mercury vapor, a licensed health care professional should evaluate and document the worker's
baseline health status with thorough medical, environmental, and occupational histories, a physical examination, and physiologic and laboratory tests appropriate
for the anticipated occupational risks. These should concentrate on the function and integrity of the eyes, skin, respiratory system, central and peripheral nervous
systems, and kidneys. Medical surveillance for respiratory disease should be conducted using the principles and methods recommended by the American Thoracic

Society.

A pre-placement medical evaluation is recommended to assess medical conditions that may be aggravated or may result in increased risk when a worker is
exposed to mercury vapor at or below the prescribed exposure limit. The health care professional should consider the probable frequency, intensity, and duration
of exposure as well as the nature and degree of any applicable medical condition. Such conditions (which should not be regarded as absolute contraindications to
job placement) include a history and other findings consistent with diseases of the eyes, skin, respiratory system, central and peripheral nervous systems, or

kidneys.
* Periodic medical evaluations

Occupational health interviews and physical examinations should be performed at regular intervals during the employment peried, as mandated by any applicable
Federal, State, or local standard. Where no standard exists and the hazard is minimal, evaluations should be conducted every 3 to 5 years or as frequently as
recommended by an experienced occupational health physician. Additional examinations may be necessary if a worker develops symptoms attributable to mercury
vapor exposure. The intetviews, examinations, and medical screening tests should focus on identifying the adverse effects of mercury vapor on the eyes, skin,
respiratory system, central and peripheral nervous systems, or kidneys. Current health status should be compared with the baseline health status of the individual
worker or with expected values for a suitable reference population.

* Termination medical evaluations

The medical, environmental, and occupational history interviews, the physical examination, and selected physiologic or laboratory tests that were conducted at the
time of placement should be repeated at the time of job transfer or termination to determine the worker's medical status at the end of his or her employment.
Any changes in the worker's health status should be compared with those expected for a suitable reference population.

* Biological monitoring
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sampling. A mercury level of 35 micrograms per gram of creatinine should be used as the biological exposure index. In addition, fotal inorganic
be measured In the blood by sampling at the end of shift at the end of the workweek, A mercury level of 15 micrograms per liter of biood shouid be used as the
bicdogical exposure index,

WORKPLACE MONITORING AND MEASUREMENT

Determination of a worker's exposure to airborne mercury vapor is made using a Hydrar or Hopcalite tube (200 mg section), SKC brand with a prefilter/cassette.
Samples are collected at a maximum flow rate of 0.2 fiter/minute (TWA) until a minimum collection volume of 3 liters (or a maximum collection volume of 96
liters) is reached. Analysis is conducted by atomic absorption spectroscopy/ cold vapor (AAS/cold vapor). This methoed (OSHA ID-140) is described in the OSHA
Computerized Information System [OSHA 1994] and is fully validated. This method is also described in NIOSH Method No. 6009 of the NIOSH Manual of Analytical

Methods [NIOSH 1994b].

SPECIAL REQUIREMENTS

U.5. Environmental Protection Agency (EPA) requirements for emergency planning, reportable quantities of hazardous releases, community right-to-know, and
hazardous waste management may change over time. Users are therefore advised to determine pericdically whether new information is available. The following

section uses information pertaining to elemental mercury because mercury vapor itself is not listed.

* Emergency planning requirements

Mercury is not subject to EPA emergency planning requirements under the Superfund Amendments and Reauthorization Act (SARA) (Title IIT) in 42 USC 11022.

* Reportable quantity requirements for hazardous releases

A hazardous substance release is defined by EPA as any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping, leaching,
dumping, or disposing into the environment (including the abandonment or discarding of contaminated containers) of hazardous substances. In the event of a
release that is above the reportable quantity for that chemical, employers are required to notify the proper Federal, State, and local authorities [40 CFR 355.40].
The reportable quantity of mercury is 1 pound. If an amount equal to or greater than this quantity is released within a 24-hour period in a manner that will expose

persons outside the facility, employers are required to do the following:

- Notify the National Response Center immediately at (800) 424-8802 or at (202) 426-2675 in Washington, D.C. [40 CFR 302.6].

* Community right-to-know requirements

Employers who own or operate facilities in SIC codes 20 to 39 that employ 10 or more workers and that manufacture 25,000 pounds or more of mercury per
calendar year or otherwise use 10,000 pounds or more of mercury per calendar year are required by EPA [40 CFR Part 372.30] to submit a Toxic Chemical Release
Inventory form (Form R) to EPA reporting the amount of mercury emitted or released from their facility annually.

* Hazardous waste management requirements

EPA considers a waste to be hazardous if it exhibits any of the following characteristics: ignitability, corrosivity, reactivity, or toxicity as defined in 40 CFR 261.21-
261.24. Under the Resource Conservation and Recovery Act (RCRA) [40 USC 6901 et seq.], EPA has specifically listed many chemical wastes as hazardous.
Mercury is listed as a hazardous waste under RCRA and has been assigned EPA Hazardous Waste No. U151. This substance has been banned from land disposal
until treated by retorting or roasting.

Providing detailed information about the removal and disposal of specific chemicals is beyord the scope of this guideline. The U.S. Department of Transportation,
EPA, and State and local requlations should be followed to ensure that removal, transport, and disposal of this substance are conducted in accordance with
existing regulations. To be certain that chemical waste disposal meets EPA regulatory requirements, employers should address any questions to the RCRA hotline
at (703) 412-9810 (in the Washington, D.C. area) or toll-free at (800) 424-9346 (outside Washington, D.C.). In addition, relevant State and local authorities
should be contacted for information on any requirements they may have for the waste removal and disposal of this substance.

RESPIRATORY PROTECTION

* Conditions for respirator use

Good industrial hygiene practice requires that engineering controls be used where feasible to reduce workplace concentrations of hazardous materials to the
prescribed exposure fimit. However, some situations may require the use of respirators to control exposure, Respirators must be womn if the ambient concentration
of mercury vapor exceeds prescribed exposure fimits. Respirators may be used (1) before engineering controls have been installed, (2) during work operations
such as maintenance or repair activities that involve unknown exposures, (3) during operations that require entry into tanks or closed vessels, and (4) during
emergencies. Workers should only use respirators that have been approved by NIOSH and the Mine Safety and Health Administration (MSHA).

* Respiratory protection program

Employers should institute a complete respiratory protection program that, at a minimum, complies with the requirements of OSHA's Respiratory Protection
Standard [29 CFR 1910.134]. Such a program must include respirator selection, an evaluation of the worker's ability to perform the work while wearing a
respirator, the regular training of personnel, respirator fit testing, periodic workplace monitoring, and regular respirator maintenance, inspection, and cleaning. The
implementation of an adequate respiratory protection program (including selection of the correct respirator) requires that a knowledgeable person be in charge of
the program and that the program be evaluated regularly. For additional information on the selection and use of respirators and on the medical screening of
respirator users, consult the latest edition of the NIOSH Respirator Decision Logic [NIOSH 1987b] and the NIOSH Guide to Industrial Respiratory Protection [NIOSH

1987a].

PERSONAL PROTECTIVE EQUIPMENT

Workers should use appropriate personal protective clothing and equipment that must be carefully selected, used, and maintained to be effective in preventing
skin contact with mercury vapor, The selection of the appropriate personal protective equipment (PPE) (e.g., gloves, sleeves, encapsulating suits) should be based
on the extent of the warker's potential exposure to mercury vapor. There are no published reports on the resistance of various materials to permeation by

Mercury vapor.
To evaluate the use of PPE materials with mercury vapor, users should consult the best available performance data and manufacturers' recommendations.
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Any chemical-resistant clothing that is used should be periodically evaluated to determing ifs effectiveness in preventing dermal contact. Safely showers and eye
wash stations should be located close to operations that involve mercury vapor.

Splash-proof chemical safety gogates or face shields {20 to 30 cm long, minimum) should be worn during any operation in which a solvent, caustic, or other toxic
substance may be splashed into the eyes.

In addition to the possible nieed for wearing protective outer appare! (e.g., aprons, encapsulating suits), workers should wear work uniforms, coveralls, or similar
full-body coverings that are faundered each day. Employers should provide lockers or other closed areas to store work and street clothing separately. Employers
should collect work clothing at the end of each work shift and provide for its laundering. Laundry personnel should be informed about the potential hazards of
handling contaminated clothing and instructed about measures to minimize their health risk.

Protective clothing should be kept free of oif and grease and should be inspected and maintained regularly to preserve its effectiveness.

Protective clothing may interfere with the body's heat dissipation, especially during hot weather or during work in hot or poorly ventilated work environments.
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From Wikipedia, the free encyclopedia

Mercury poisoning (also
known as hydrargyria or
mercurialism) is a disease
caused by exposure to
mercury or its compounds.
Mercury (chemical symbol
Hg) is a heavy metal that
occurs in several forms, all of
which can produce toxic
effects in high enough doses.
Its zero oxidation state Hg’
exists as vapor or as liquid
metal, its mercurous state Hg "
exists as inorganic salts, and
its mercuric state Hg?" may
form either inorganic salts or
organomercury compounds;
the three groups vary in
effects. Toxic effects include
damage to the brain, kidney,
and hmgs.[l] Mercury
poisoning can result in several
diseases, including acrodynia
(pink disease), Hunter-Russell
syndrome, and Minamata
disease.”

Symptoms typically include

Mercury poisoning

Classification and external resources

Elemental mercury

. ICD-10 T56.1

(http://apps.who.int/classifications/apps/icd/icd10online/?
gt51. htm+t561)

ICD-9 985.0 (http://www.icd9data.com/getICD9Code.ashx?
icd9=985.0)

| DiseasesDB 8057 (http://www.diseasesdatabase.com/ddb8057.htm)

MedlinePlus 002476 ;
(http://www.nlm.nih.gov/medlineplus/ency/article/002476.htm)

- eMedicine  emerg/813 (http://www.emedicine.com/emerg/topic&13.htm)

sensory impairment (vision, hearing, speech), disturbed sensation and a lack of coordination. The type
and degree of symptoms exhibited depend upon the individual toxin, the dose, and the method and

duration of exposure.
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Signs and symptoms

Common symptoms of mercury poisoning include peripheral neuropathy (presenting as paresthesia or
itching, burning or pain), skin discoloration (pink cheeks, fingertips and toes), swelling, and
desquamation (shedding of skin).

Because mercury blocks the degradation pathway of catecholamines, epinephrine excess causes profuse
sweating, tachycardia (persistently faster-than-normal heart beat), increased salivation, and hypertension
(high blood pressure). Mercury is thought to inactivate S-adenosyl-methionine, which is necessary for
catecholamine catabolism by catechol-o-methy! transferase.

Affected children may show red cheeks, nose and lips, loss of hair, teeth, and nails, transient rashes,
hypotonia (muscle weakness), and increased sensitivity to light. Other symptoms may include kidney
disfunction (e.g. Fanconi syndrome) or neuropsychiatric symptoms such as emotional lability, memory
impairment, or insomnia.

Thus, the clinical presentation may resemble pheochromocytoma or Kawasaki disease.

An example of desquamation of the hand of a child with severe mercury poisoning acquired by handling
elemental mercury is this photograph

(http://adec.bmj.com/content/vol86/issue6/images/large/90015199.f1 jpeg) in Horowitz, et al. (2002). B3]

Causes

The consumption of fish is by far the most significant source of ingestion-related mercury exposure in
humans and animals, although plants and livestock also contain mercury due to bioaccumulation of
mercury from soil, water and atmosphere, and due to biomagnification by ingesting other mercury-

containing oz‘ganisnls.[4] Exposure to mercury can occur from breathing contaminated air;l®! from eating
foods containing mercury residues from processing, such as can occur with high-fructose corn symp;m

from exposure to mercury vapor in mercury amalgam dental restorations;'”) and from improper use or
disposal of mercury and mercury-containing objects, for example, after spills of elemental mercury or

improper disposal of fluorescent Jamps.®
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Consumption of whale and dolphin meat, as is the practice in Japan, is a source of high-levels of
mercury poisoning. Tetsuya Endo, a professor at the Health Sciences University of Hokkaido, has tested
whale meat purchased in the whaling town of Taiji and found mercury levels that are more than 20 times

acceptable Japanese standards.”

Human-generated sources such as coal plants emit approximately half of atmospheric mercury, with
natural sources such as volcanoes responsible for the remainder. An estimated two-thirds of human-
generated mercury comes from stationary combustion, mostly of coal. Other important human-generated
sources include gold production, non-ferrous metal production, cement production, waste disposal,
human crematoria, caustic soda production, pig iron and steel production, mercury production (mostly

for batteries), and biomass burning.!'”

Small independent gold mining operations employ workers who are exposed to more risk to mercury
poisoning because of crude processing methods. Such is the danger for the galamsey in Ghana and
similar workers known as orpailleurs in neighboring francophone countries. While there are no official
government estimates of the labor force, observers believe twenty thousand to fifty thousand work as
galamseys in Ghana, a figure that includes many women, who work as porters.

Mercury and many of its chemical compounds, especially organomercury compounds, can also be
readily absorbed through direct contact with bare, or in some cases (such as dimethylmercury)
msufficiently protected, skin. Mercury and its compounds are commonly used in chemical laboratories,
hospitals, dental clinics, and facilities involved in the production of items such as fluorescent light bulbs,

batteries, and explosives.[n]

Mechanism

Mercury is such a highly reactive toxic agent that it is difficult to identify its specific mechanism of

damage, and much remains unknown about the mechanism.! It damages the central nervous system,
endocrine system, kidneys, and other organs, and adversely affects the mouth, gums, and teeth.
Exposure over long periods of time or heavy exposure to mercury vapor can result in brain damage and
ultimately death. Mercury and its compounds are particularly toxic to fetuses and infants. Women who
have been exposed to mercury in pregnancy have sometimes given birth to children with serious birth
defects (see Minamata disease).

Mercury exposure in young children can have severe neurological consequences, preventing nerve
sheaths from forming properly. Mercury inhibits the formation of myelin.

There is some evidence that mercury poisoning may predispose to Young's syndrome (men with
bronchiectasis and low sperm count).["*!

Mercury poisoning's effects partially depend on whether it has been caused by exposure to elemental
mercury, inorganic mercury compounds (as salts), or organomercury compounds.

Flemental mercury

Quicksilver (liquid metallic mercury) is poorly absorbed by ingestion and skin contact. It is hazardous
due to its potential to release mercury vapour. Animal data indicate that less than 0.01% of ingested
mercury is absorbed through the intact gastrointestinal tract; though it may not be true for individuals
suffering from ileus. Cases of systemic toxicity from accidental swallowing are rare, and attempted

suicide via intravenous injection does not appear to result in systemic toxicity.l" Though not studied
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quantitatively, the physical properties of liquid elemental mercury limit its absorption through intact skin
and in light of its very low absorption rate from the gastrointestinal tract, skin absorption would not be
high."" Some mercury vapour is absorbed dermally but uptake by this route is only approximately 1%
of that by inhalation.!"*’

In humans, approximately 80% of inhaled mercury vapor is absorbed via the respiratory tract where it
enters the circulatory system and is distributed throughout the body.!""! Chronic exposure by inhalation,
even at low concentrations in the range 0.7-42 ng/m’, has been shown in case control studies to cause
effects such as tremors, impaired cognitive skills, and sleep disturbance in workers.'# Acute
inhalation of high concentrations causes a wide variety of cognitive, personality, sensory, and motor
disturbances. The most prominent symptoms include tremors (initially affecting the hands and
sometimes spreading to other parts of the body), emotional lability (characterized by irritability,
excessive shyness, confidence loss, and nervousness), insomnia, memory loss, neuromuscular changes
(weakness, muscle atrophy, muscle twitching), headaches, polyneuropathy (paresthesia, stocking-glove
sensory loss, hyperactive tendon reflexes, slowed sensory and motor nerve conduction velocities), and

performance deficits in tests of cognitive function.!'

Inorganic mercury compounds

Mercury occurs inorganically as salts such as mercury(I) chloride. Mercury salts primarily affect the
gastro-intestinal tract and the kidneys, and can cause severe kidney damage; however, as they can not
cross the blood-brain barrier easily, mercury salts inflict little neurological damage without continuous
or heavy exposure.[]g] As two oxidation states of mercury form salts (Hg' and Hg™"), mercury salts occur
in both mercury(I) (or mercurous) and mercury(Il) (mercuric) forms. Mercury(Il) salts are usually more
toxic than their mercury(I) counterparts because their solubility in water is greater; thus, they are more

readily absorbed from the gastrointestinal tract.!”!

Mercuric Cyanide, Hg(CN); is a particularly toxic mercury compound. If ingested, both life-threatening
mercury and cyanide poisoning can occur. Hg(CN); can enter the body via inhalation, ingestion, or
passage through the skin. Inhalation of mercuric cyanide irritates the throat and air passages. Heating or
contact of Hg(CN), with acid or acid mist releases toxic mercury and cyanide vapors that can cause
bronchitis with cough and phlegm and/or lung tissue irritation. Contact with eyes can cause burns and
brown stains in the eyes, and long time exposure can affect the peripheral vision. Contact with skin can

cause skin allergy, irritation, and gray skin color.?"]

Chronic exposure to trace amounts of the compound can lead to mercury buildup in the body over time;
it may take months or even years for the body to eliminate excess mercury. Overexposure to mercuric
cyanide can lead to kidney damage and/or mercury poisoning, leading to 'shakes' (ex: shaky
handwriting), irritability, sore gums, increased saliva, metallic taste, loss of appetite, memory loss,

personality changes, and brain damage. Exposure to large doses at one time can lead to sudden death."!
Mercuric cyanide has not been tested on its ability to cause reproductive damage. Although inorganic
mercury compounds (such as Hg(CN),) have not been shown to be human teratogens, they should be
handled with care as they are known to damage developing embryos and decrease fertility in men and
women. "

According to one study, two people exhibited symptoms of cyanide poisoning within hours after
ingesting mercuric cyanide or mercury oxycyanide, Hg(CN),*HgO, in suicide attempts. The toxicity of
Hg(CN), is commonly assumed to arise almost exclusively from mercury poisoning; however, the
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patient who ingested mercury oxycyanide died after 5 hours of cyanide poisoning before any mercury
poisoning symptoms were observed. The patient who ingested Hg(CN); initially showed symptoms of
acute cyanide poisoning which were brought under control, and later showed signs of mercury poisoning
before recovering. It is thought that the degree to which cyanide poisoning occurs is related to whether
cyanide ions are released in the stomach, which depends on factors such as the amount ingested,
stomach acidity, and volume of stomach contents.”! Given that Hg(CN), molecules remain

undissociated in pure water and in basic solutions,??) it makes sense that dissociation would increase
with increasing acidity. High stomach acidity thus helps cyanide ions to become more bioavailable,
increasing the likelihood of cyanide poisoning.

Mercury cyanide was used in two murders in New York in 1898. The perpetrator, Roland B. Molineux,
sent poisoned medicines to his victims through the US mail. The first victim, Henry Barnett, died of
mercury poisoning twelve days after taking the poison. The second victim, Catherine Adams, died of
cyanide poisoning within 30 minutes of taking the poison. As in the suicide cases, the difference
between the two cases may be attributed to differences in the acidities of the solutions containing the

poison, or to differences in the acidities of the victims' stomachs.*’!

The drug NAP (n-acetyl penicillamine) has been used to treat mercury poisoning with limited success.
[20]

Organic mercury compounds

Compounds of mercury tend to be much more toxic than the element itself, and organic compounds of
mercury are often extremely toxic and have been implicated in causing brain and liver damage. The
most dangerous mercury compound, dimethylmercury, is so toxic that even a few microliters spilled on

the skin, or even a latex glove, can cause death. 212!

Methylmercury is the major source of organic mercury for all individuals.!"! It works its way up the food
chain through bioaccumulation in the environment, reaching high concentrations among populations of
some species. Larger species of fish, such as tuna or swordfish, are usually of greater concern than
smaller species. The U.S. Food and Drug Administration (FDA) and the U.S. Environmental Protection
Agency (EPA) advise women of child-bearing age, nursing mothers, and young children to completely
avoid swordfish, shark, king mackerel and tilefish from the Gulf of Mexico, (Golden Tilefish from the
Mid- and North-Atlantic present no risk), to limit consumption of albacore ("white") tuna to no more
than 6 oz (170 g) per week, and of all other fish and shellfish to no more than 12 oz (340 g) per week.[?!
A 2006 review, conducted by Dr. Dariush Mozaffarian and Dr. Eric B. Rimm, of the risks and benefits
of fish consumption found that for adults the benefits of one to two servings of fish per week outweigh
the risks, even (except for a few fish species) for women of childbearing age, and that avoidance of fish
consumption could result in significant excess coronary heart disease deaths and suboptimal neural

development in children.””! (Dr. Rimm has reported in the past that he has received payment or
honoraria for presentations about food and diets from both the Culinary Institute of America and the

International Chefs Association, among others.)!?”

There is a long latent period between exposure to methylmercury and the appearance of symptoms in
adult poisoning cases. The longest recorded latent period is five months after a single exposure, in the
Dartmouth case (see History); other latent periods in the range of weeks to months have also been
reported. No explanation for this long latent period is known. When the first symptom appears, typically
paresthesia (a tingling or numbness in the skin), it is followed rapidly by more severe effects, sometimes
ending in coma and death. The toxic damage appears to be determined by the peak value of mercury, not

the length of the exposm‘e.[lz]
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Ethylmercury is a breakdown product of the antibacteriological agent ethylmercurithiosalicylate, which
has been used as a topical antiseptic and a vaccine preservative (further discussed under Thiomersal
below). Its characteristics have not been studied as extensively as those of methylmercury. It is cleared
from the blood much more rapidly, with a half-life of 7 to 10 days, and it is metabolized much more
quickly than methylmercury. It probably does not have methylmercury's ability to cross the blood-brain

barrier via a transporter, but instead relies on simple diffusion to enter the brain.!!

Other exposure sources of organic mercury include phenylmercuric acetate and phenylmercuric nitrate.
These were used in indoor latex paints for their anti-mildew properties, but were removed in 1990

because of cases of toxicity.[l]

Diagnosis

Diagnosis of elemental or inorganic mercury poisoning involves determining the history of exposure,
physical findings, and an elevated body burden of mercury. Although whole blood mercury
concentrations are typically less than 6 pg/L, diets rich in fish can result in blood mercury concentrations
higher than 200 pg/L; it is not that useful to measure these levels for suspected cases of elemental or
inorganic poisoning because of mercury's short half-life in the blood. If the exposure is chronic, urine
levels can be obtained; 24-hour collections are more reliable than spot collections. It is difficult or
impossible to interpret urine samples of patients undergoing chelation therapy, as the therapy itself

increases mercury levels in the samples.*™

Diagnosis of organic mercury poisoning differs in that whole-blood or hair analysis is more reliable than
urinary mercury levels.?®

Prevention

Mercury poisoning can be prevented (or minimized) by eliminating or reducing exposure to mercury and
mercury compounds. To that end, many governments and private groups have made efforts to regulate
the use of mercury heavily, or to issue advisories about its use. For example, the export from the
European Union of mercury and some mercury compounds has been prohibited since 2010-03-15."
The variability among regulations and advisories is at times confusing for the lay person as well as
scientists.
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The United States Environmental Protection Agency (EPA) issued recommendations in 2004 regarding
exposure to mercury in fish and shellfish.®'! The EPA also developed the "Fish Kids" awareness

campaign for children and young adults **) on account of the greater impact of mercury exposure to that
population.

Treatment

Identifying and removing the source of the mercury is crucial. Decontamination requires removal of
clothes, washing skin with soap and water, and flushing the eyes with saline solution as needed.
Inorganic ingestion such as mercuric chloride should be approached as the ingestion of any other serious
caustic. Immediate chelation therapy is the standard of care for a patient showing symptoms of severe

mercury poisoning or the laboratory evidence of a large total mercury load.!

Chelation therapy for acute inorganic mercury poisoning can be done with DMSA, 2,3-dimercapto-1-
propanesulfonic acid (DMPS), D-penicillamine (DPCN), or dimercaprol (BAL).U] Only DMSA is FDA-
approved for use in children for treating mercury poisoning. However, several studies found no clear

clinical benefit from DMSA treatment for poisoning due to mercury vapor.”>! No chelator for
methylmercury or ethylmercury is approved by the FDA; DMSA is the most frequently used for severe
methylmercury poisoning, as it is given orally, has fewer side effects, and has been found to be superior
to BAL, DPCN, and DMPS.!! Alpha-lipoic acid (ALA) has been shown to be protective against acute
mercury poisoning in several mammalian species when it is given soon after exposure; correct dosage is
required, as inappropriate dosages increase toxicity. Although it has been hypothesized that frequent low
dosages of ALA may have potential as a mercury chelator, studies in rats have been contradictory.**!
Glutathione and N-acetylcysteine (NAC) are recommended by some physicians, but have been shown to
increase mercury concentrations in the kidneys and the brain.®* Experimental findings have
demonstrated an interaction between selenium and methylmercury, but epidemiological studies have

found little evidence that selenium helps to protect against the adverse effects of methylmercury.”

Even if the patient has no symptoms or documented history of mercury exposure, a minority of
physicians (predominantly those in alternative medicine) use chelation to "rid" the body of mercury,
which they believe to cause neurological and other disorders. A common practice is to challenge the
patient's body with a chelation agent, collect urine samples, and then use laboratory reports to diagnose
the patient with toxic levels of mercury; often no pre-chelation urine sample is collected for comparison.

The patient is then advised to undergo further chelation.*?! No scientific data supports the claim that the
mercury in vaccines causes autism?®® or its symptoms,®”) and there is no scientific support for chelation
therapy as a treatment for autism.®!
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Chelation therapy can be hazardous. In August 2005, an incorrect form of EDTA used for chelation
B . . . . - . . G
therapy resulted in hypocalcemia, causing cardiac arrest that killed a five-year-old autistic boy.?”]

Prognosis

Many of the toxic effects of mercury are partially or wholly reversible, either through specific therapy or
through natural elimination of the metal after exposure has been discontinued.*”) However, heavy or
prolonged exposure can do irreversible damage, particularly in fetuses, infants, and young children.
Young's syndrome is believed to be a long term consequence of early childhood mercury poisoning.[*!
Mercuric Chloride may cause cancer as it has caused increases in several types of tumors in rats and
mice, while methyl mercury has caused kidney tumors in male rats. The EPA has classified mercuric
chloride and methyl mercury as possible human carcinogens (ATSDR, EPA)

]

Detection in biological fluids

Mercury may be measured in blood or urine to confirm a diagnosis of poisoning in hospitalized victims
or to assist in the forensic investigation in a case of fatal overdosage. Some analytical techniques are
capable of distinguishing organic from inorganic forms of the metal. The concentrations in both fluids
tend to reach high levels early after exposure to inorganic forms, while lower but very persistent levels
are observed following exposure to elemental or organic mercury. Chelation therapy can cause a

transient elevation of urine mercury levels.[*2

History

& The first emperor of unified China, Qin Shi Huang, reportedly died of ingesting mercury pills that

were intended to give him eternal life.[*]

The phrase mad as a hatter is likely a reference to mercury poisoning, as mercury-based
compounds were once used in the manufacture of felt hats in the 18th and 19th century. (The Mad
Hatter character of Alice in Wonderland was almost certainly inspired by an eccentric furniture

dealer, not by a victim of mad hatter disease.)!*

m In 1810, two British ships, HMS Triumph and HMS Phipps, salvaged a large load of elemental
mercury from a wrecked Spanish vessel near Cadiz, Spain. The bladders containing the mercury
soon ruptured. The element spread about the ships in liquid and vapour forms. The sailors
presented with neurologic compromises: tremor, paralysis, and excessive salivation as well as
tooth loss, skin problems, and pulmonary complaints. In 1823 William Burnet, MD published a

report on the effects of Mercurial vapour.* I The Triumph’s surgeon, Henry Plowman, had
concluded that the ailments had arisen from inhaling the mercurialized atmosphere. His treatment
was to order the lower deck gun ports to be opened, when it was safe to do so; sleeping on the
orlop was forbidden; and no men slept in the lower deck if they were at all symptomatic.
Windsails were set to channel fresh air into the lower decks day and night.*®’

m For years, including the early part of his presidency, Abraham Lincoln took a common medicine
of his time called "blue mass" which contained significant amounts of mercury.

a On September 5, 1920, silent movie actress Olive Thomas ingested mercury capsules dissolved in
an alcoholic solution at the Hotel Ritz in Paris. There is still controversy over whether it was
suicide, or whether she consumed the external preparation by mistake. Her husband, Jack Pickford
(the brother of Mary Pickford), had syphilis, and the mercury was used as a treatment of the
venereal disease at the time. She died a few days later at the American Hospital in Neuilly.
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s An early scientific study of mercury poisoning was in 1923-6 by the German morganic chemist,
Alfred Stock, who himself became poisoned, together with his colleagues, by breathing mercury
vapour that was being released by his laboratory equipment—diffusion pumps, float valves, and
manometers—all of which contained mercury, and also from mercury that had been accidentally
spilt and remained in cracks in the linoleum floor covering. He published a number of papers on
mercury poisoning, founded a committee in Berlin to study cases of possible mercury poisoning,
and introduced the term micromercurialism.*”

a The term Hunter-Russell syndrome derives from a study of mercury poisoning among workers in
a seed packing factory in Norwich, England in the late 1930s who breathed methylmercury that

was being used as a seed disinfectant and preservative.m}

m Outbreaks of methylmercury poisoning occurred in several places in Japan during the 1950s due
to industrial discharges of mercury into rivers and coastal waters. The best-known instances were
in Minamata and Niigata. In Minamata alone, more than 600 people died due to what became
known as Minamata disease. More than 21,000 people filed claims with the Japanese government,
of which almost 3000 became certified as having the disease. In 22 documented cases, pregnant
women who consumed contaminated fish showed mild or no symptoms but gave birth to infants
with severe developmental disabilities.

m Widespread mercury poisoning occurred in rural Iraq in 1971-1972, when grain treated with a
methylmercury-based fungicide that was intended for planting only was used by the rural
population to make bread, causing at least 6530 cases of mercury poisoning and at least 459
deaths (see Basra poison grain disaste1‘).[49]

m On August 14, 1996, Karen Wetterhahn, a chemistry professor working at Dartmouth College,
spilled a small amount of dimethylmercury on her latex glove. She began experiencing the
symptoms of mercury poisoning five months later and, despite aggressive chelation therapy, died
a few months later from brain malfunction due to mercury intoxication.?42!

m In April 2000, Alan Chmurny attempted to kill a former employee, Marta Bradley, by pouring
mercury into the ventilation system of her car.P"!

m On March 19, 2008, Tony Winnett, 55, inhaled mercury vapors while trying to extract gold from
computer parts, and died ten days later. His Oklahoma residence became so contaminated that it

had to be gutted.[m[m

@ In December 2008, actor Jeremy Piven was diagnosed with hydrargyria resulting from eating

sushi twice a day for twenty years.{5 il

Infantile Acrodynia

Infantile acrodynia (also known as "calomel disease", "erythredemic polyneuropathy”, and "pink
disease") is a type of mercury poisoning in children characterized by pain and pink discoloration of the

hands and feet.®* The word is derived from the Greek, where Gxpo means end (as in: upper extremity)
and o8vvn means pain. Also known as pink disease, erythredema, Selter's disease, or Swift-Feer disease,

acrodynia was relatively commonplace amongst children in the first half of the 20th century.{ss] Initially,

the cause of the acrodynia epidemic among infants and young children was unknown;% however,
mercury poisoning, primarily from calomel in teething powders, began to be widely accepted as its

cause in the 1950s and 60s.1°*! The prevalence of acrodynia decreased greatly after calomel was
excluded from most teething powders in 1954557

Acrodynia is difficult to diagnose, "it is most often postulated that the etiology of this syndrome is an
idiosyncratic hypersensitivity reaction to mercury because of the lack of correlation with mercury levels,

many of the symptoms resemble recognized mercury poisonmg.”[J 7l
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Medical procedures

Because elemental mercury often passes through the GI tract without being absorbed, it was used
medically for various purposes until the dangers of mercury poisoning became known. For example,
elemental mercury was used to mechanically clear intestinal obstructions (due to its great weight and
fluidity), and it was a key ingredient in various medicines throughout history, such as blue mass. The
toxic effects often were either not noticed at all, or so subtle or generic that they were attributed to other
causes and were not recognized as poisoning caused by mercury. While the usage of mercury in
medicine has declined, mercury-containing compounds are still used medically in vaccines and dental
amalgam, both of which have been the subject of controversy regarding their potential for mercury
poisoning.

Thiomersal

For more details on this topic, see Thiomersal controversy.

The mercury-based preservative thiomersal (commonly called thimerosal in the U.S.) has been added to
vaccines since the 1930s to prevent their deterioration.!'? Its use in vaccines has been hypothesized as a
cause of autistic behaviors.*®! This hypothesis is controversial, as much evidence suggests that the cause

of autism is about 90% genetic.>” The hypothesis has not been confirmed by reliable studies. "
However, organizations such as the American Academy of Pediatrics have recommended that the use of
thiomersal be reduced as a precautionary measure. With the exception of some flu vaccines, it is no
Jonger used as a preservative in routinely recommended childhood vaccines in the United States; it is
still in limited use as a preservative in multi-dose flu and tetanus vaccines and a few other non-

childhood vaccines.[®]

Dental amalgam

For more details on this topic, see Dental amalgam controversy.

Dental amalgam, an alloy of about 50% elemental mercury, was first introduced in France in the early

19th century.!®? Although this amalgam is a source of low-level exposure to mercury, no scientific
evidence links it as a cause of clinically significant toxic effects, except for the rare local
hypersensitivity reaction. In the United States, the National Institutes of Health has stated that amalgam
fillings pose no personal health risk, and that replacement by non-amalgam fillings is not indicated.!" In

Scandinavia amalgam fillings are banned due to concerns about environmental pollution with mercury.
(63]

Cosmetics

Some skin whitening products contain the toxic chemical mercury(Il) chloride as the active ingredient.

When applied, the chemical readily absorbs through the skin into the bloodstream.[*Y The use of
mercury in cosmetics is illegal in the United States. However, cosmetics containing mercury are often
illegally imported. Following a certified case of mercury poisoning resulting from the use of an imported
skin whitening product, the United States Food and Drug Administration warned against the use of such
products.[65 1) Symptoms of mercury poisoning have resulted from the use of various mercury-

containing cosmetic products.“z}[mwg] The use of skin whitening products is especially popular amongst
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Asian women.'® In Hong Kong in 2002, two products were discovered to contain between 9,000 to

60,000 times the recommended dose."

Fluorescent lamps

Fluorescent lamps contain mercury which is released when bulbs are broken. Mercury in bulbs is
typically present as either elemental mercury liquid, vapor or both since the liquid evaporates at ambient
temperamre.[m When broken indoors, bulbs may emit sufficient mercury vapor to present health
concerns, and the U.S. Environmental Protection Agency recommends evacuating and airing out a room
for at least 15 minutes after breaking a fluorescent light bulb.?! Breakage of multiple bulbs presents a
greater concern. A 1987 report described a 23-month-old toddler who suffered anorexia, weight loss,
irritability, profuse sweating, and peeling and redness of fingers and toes. This case of acrodynia was
traced to exposure of mercury from a carton of 8-foot fluorescent light bulbs that had broken in a potting
shed adjacent to the main nursery. The glass was cleaned up and discarded, but the child often used the

area for play.!””

See also

Got Mercury?

Lead poisoning

Mercury Policy Project

Mercury vacuum

Mercury-containing and Rechargeable Battery Management Act
Erethism

Diagnosis Mercury: Money, Politics and Poison
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PRESS RELEASE
FOR IMMEDIATE RELEASE
February 7, 2007

(All comments below, except those within the attached affidavit, may be attributed to
McCracken Poston, attorney for Ray-Brent Marsh.)

A SCIENTIFIC EXPLANATION FOR THE EVENTS AT TRI-STATE CREMATORY

As we approach the five-year anniversary of the disturbing discoveries of
hundreds of uncremated bodies on the grounds of the former Tri-State Crematory in
Noble, Georgia, one persistent question has continued. For five years the hundreds of
family members affected by the infamous inactions of Ray-Brent Marsh have been left
without an answer to the understandable question: “Why?” What was the reason that the

tragic circumstances ever took place?

I had also struggled with this question, even as I worked with my client, Ray-
Brent Marsh, who seems to be the most unlikely person to have deceived so many
people, including those closest to him — his wife and family. Until now a reason has
never been offered as to why he failed to cremate the approximately three hundred thirty-
three bodies of the approximately one thousand that he took in, or why he undertook the
even more difficult task of concealing the uncremated bodies on the property. In court
when entering his guilty pleas he expressed great remorse, but even in accepting
responsibility at his sentencing was unable to articulate an explanation when directly

asked by the Court.




Immediately after getting involved in the case, I began to explore any possible
theories that might explain this bizarre behavior. It should be first noted that even the
Chief Medical Examiner of the State of Georgia, Dr. Kris Sperry, eliminated all of the
more disturbing possibilities, ruling out necrophilia or any other wrongful abuses of
bodies as are sometimes present in other criminal cases involving human corpses. Dr.
Sperry noted that in Noble the bodies were simply not cremated, and ultimately many
were buried or left in vaults together with other bodies in a gargantuan effort to conceal
Ray-Brent’s failure to cremate them. Dr. Sperry has gone on to enjoy a popular role m
the medical examiner lecture circuit on the subject of the Tri-State Crematory, but in
those talks has offered no more than the very unscientific speculation that my client must
have been “lazy,” even though the effort to conceal hundreds of dead bodies obviously

took a great deal of effort.

Furthermore, there seemed to be very little financial incentive for the defendant to
fail to cremate. For the hundreds or even thousands of dollars paid to area funeral homes
to cremate each body, Brent Marsh was in turn was never paid by those funeral homes
more than two-hundred and fifty dollars. The extremely unusual nature of the offense, as
well as the difficulty involved in its concealment for over six years, led me to believe a

neurological disorder of some sort was involved.

As the evidence was examined, one theory began to emerge as an explanation for

not only Ray-Brent’s bizarre behavior, but amazingly also shed light on the multiple




medical issues that plagued Brent’s father, Tommy Ray Marsh, who built and ran the Tri-
State Crematory from 1982 until his deteriorating medical condition forced his retirement

in 1996. The senior Mr. Marsh died in 2003, having never recovered from his conditions.

Ultimately, I ceased my daily investigation and intensive work on the
development of this theory when the criminal cases came to an early end. The defense
won a critical pre-trial effort when the Georgia Supreme Court agreed to bring into
appellate scrutiny some of the state’s prosecution legal theories, and this event brought
the district attorney and the defense together to the negotiating table, where we ultimately
reached an agreement to dispose of all the cases. Ray-Brent himself wanted to end the
misery that his charges caused for his family, as well as that of the hundreds of other
families affected. Still, at the sentencing he could never adequately explain to anyone
why he felt all of this had happened, even though the failure to be able to do so could

have jeopardized the court’s acceptance of the plea deal.

Even though the criminal cases were at a conclusion, I continued to be nagged by
the notion that there were still no answers as to why this happened. There are some who
were victims of the tragedy who have found forgiveness in their heart toward my client.
But there are others, victims or just the curious, who continue to express other views.
Most difficult to tolerate are the persistent unsolicited “man on the street” theories that
are constantly offered to me when the subject of the case comes up, many of which
involve either ignorantly conceived opinions involving racism or misguided and

inaccurate conspiracy theories that allege multiple participants, again often couched in




racist terms. Years after we put the case to rest for history to judge, I continued to hear
from almost anyone and everyone who had an opinion, and I have and always will reject
any offered theories that involve derogatory racial stereotypes (sometimes even stated
directly to me) as a legitimate conclusion to be reached. But I realize now that the need

for a plausible explanation is what has invited the rank speculation, both good and bad.

Sometime after the end of the criminal case I again continued to work on the
emerging theory that an external, environmental cause claimed not oﬁly the literal sanity
and judgment of Ray-Brent Marsh, but also the health and ultimately the life itself of his
father, Tommy Ray Marsh. The suspect element is mercury (listed on the Periodic Table

as Hg).

Mercury is a naturally occurring element, but it well established to be present in
high concentrations in the cremation process due to the decades-old practice of mercury
dental amalgam being used in patients, who pass away and their bodies are made subject
to cremation. It well established that Tommy Ray Marsh never failed to cremate a body
of the thousands given to him from 1982 until his failing heath, including strokes,
neuropathy, senility, and “Parkinson-like” symptoms (all classic mercury poisoning

symptoms) forced him to retire in 1996. He never recovered and died in 2003.

It is also known that Ray-Brent Marsh, who returned home from college to take
over the crematory when his father could no longer work, successfully cremated two-

thirds of the bodies given to him. It was also shown to the world by the state




investigators and other witnesses that the crematory was in somewhat of a functioning
order, but it was also obvious that the heavy particulate matter of cremated bodies coated
the interior of the small crematory building due to the inadequate ventilation and
breached stovepipe from the retort to the exterior of the structure. When I first took this
case and began to ask questions, Ray-Brent’s wife could only tell me that her husband
had long suffered from chronic insomnia and had only complained of headaches and
other seemingly minor body aches. Remarkably, all of these are also symptoms of

mercury toxicity.

The neurological and psychological effects of mercury exposure are well known,
and have been documented in history. The documented mental illness noted among the
Huguenot craftsmen of the eighteenth century who used mercury in the process of hat
making made the “Mad Hatter” a character of science, a character in our literary world
and now of our modern reference. In the nineteenth century, the Medical Society of New
Jersey again noted the multiple and bizarre symptoms of mercury-poisoned hat makers in
1860. A wide array of physiological and neurological problems were documented in

these and other studies of victims of mercury exposure and toxicity.

In 2004, I ordered a simple mercury test kit for Ray-Brent Marsh to submit a hair
sample, without telling him what he was being tested for. This was over two years after
the state’s discoveries at Tri-State Crematory — and over two years since he was last
exposed to the suspected source of mercury vapors. When the results came back, I at first

almost dismissed the report and began to question my own theories about the effect of




mercury on the Marsh men. The 2004 hair test revealed the element mercury itself within
“normal” ranges, but there were alarmingly high values for aluminum, antimony, arsenic,
cadmium, lead, nickel and tin. Some of these other metals were three to eight times over
the reference range of members of the healthy adult population. An advisory form letter
came with the results suggesting that the subject of the test consult a doctor due to the

unusual values represented in the test.

Only when I later researched and learned about the mechanism of mercury
exposure and the proper interpretation of hair tests were my suspicions confirmed. A
characteristic signature of mercury toxicity is that the element interferes with the results
of some testing, often causing unusual values of other minerals. For example, a more
recent exposure to mercury vapor would have likely caused a higher reading of mercury
itself in the hair test, but if the test is taken after a long passage of time from the exposure
the way to determine the signature of mercury toxicity in the body is to look for the
biochemical aberrations in the body that mercury causes. The scientific term for this
interruption in the process is called “impaired mineral transport,” where mercury
interferes with the ability of cells to move other minerals in and out selectively. In Ray-
Brent’s test, the mercury value result was normal, but the alarmingly high values of the
other minerals are a classic signature of mercury toxicity. Research has shown that in
some hair tests of known victims of mercury exposure, the test for mercury itself often
reads low but the effect of mercury causes other metals to show unusually high values.
Impaired mineral transport indicates mercury poisoning is likely. It is hoped that more

independent testing may be done to support these findings.




I believe that Ray-Brent Marsh, while living and working at the crematory,
became a modern-day “Mad Hatter”. Fortunately for him, the element mercury over time
leeches from the body of the victims who inhale it, and there should be no long-term
neurological effects. For Ray-Brent’s father, however, the element took a physiological

path, and possibly eventually took his life.

Since the end of the criminal case I continued to consult an expert on the subject
of mercury toxicity, Dr. Boyd Haley, who has given an affidavit concerning his opinion
that mercury toxicity can explain the events at Tri-State Crematory. Interestingly, Dr.
Haley reveals why the men at the site were affected while the women who lived nearby
were not: That the effects of mercury are enhanced by testosterone, and somewhat
limited by estrogen. I have attached a copy of his affidavit. Dr. Haley received no

payment for sharing his professional scientific opinions.

The crematory building itself has been destroyed, per federal court order, but it
was well documented in photographs and by witnesses who personally viewed the
unhealthy conditions within the structure. The facility was in a poor condition of repair.
These conditions included the well-documented layer of incinerated particulate matter
within the structure and the inadequate crematory retort ventilation that caused it,
evidenced by the many holes and separations in the system which allowed the burned
particulate into the interior of the structure where over a period of twenty years the father

and son consecutively worked in the building and lived near the site.




It should be noted that in Scotland and other European countries there are
requirements that mercury amalgam-filled teeth be extracted from a corpse before
subjecting the body to the cremation process. The existence of mercury vapor being
released in the cremation process is well documented in the scientific community. Also
well documented in science and history are the multiple physiological and neurological
affects that this dangerous and elusive neurotoxin can create within the human body, a

toxin which can affect two or more victims in entirely different ways.

What has failed in part is the governmental regulatory process in the United States
and in the State of Georgia. For the latter I can even blame myself in part, as a former
member of the Georgia General Assembly that voted to temporarily exempt this
crematory from regulation (for eighteen months) in 1992, but even then there was no
concern or regulation about the smokestack emissions from such facilities. Even today
there are little or no guidelines concerning the proper ventilation or the proper location

placement of crematories.

This is a cautionary tale for the ages. Tommy Ray Marsh and his son Ray-Brent
Marsh appear to be victims in their own right of the disaster in Noble. I hope that the
release of this information can give some comfort to those who were most deeply

affected by the disaster, and who have been looking for answers.




There will likely be some who are openly skeptical of any studies revealed by a
criminal defense lawyer; however, one must remember that the case is over and there is
no appeal from the conviction of Ray-Brent Marsh for failing to cremate the bodies at the
Tri-State Crematory. It is my intention to reveal information developed in the defense of
the case to offer an explanation for the bizarre events of over five years ago, in hopes to
give a most wanted and even demanded answer to the affected families and to the
community. It is an opinion based in science that I stand by and am confident will not be
confradicted. I ask that any and all in the community consider these facts before making
their own final judgment of about Ray-Brent Marsh and the events at Tri-State

Crematory. If a better explanation is to be had, it is simply not to be found.

HHH
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A Call To Action

In the last century mercury levels in the global environment
have tripled as a result of increased pollution from
industrial, occupational, medicinal and domestic uses.
This alarming, yet under-publicized, rise in mercury
pollution has exponentially increased the risk of dangerous
and deadly exposure to all peoples, wildlife and
ecosystems, and threatens the long-term security of fish as
one of the world's most important protein sources.

Mercury concentrations in the environment are now on the
verge of exceeding a threshold that endangers the citizenry
of every continent. Major food sources have already been
contaminated; children are poisoned by excessive
thimerosal vaccine

schedules; indigenous

exposure below, which no adverse effects occur, has never
been established.?

Developed countries are increasingly concerned of the risk
to their children of neurological and developmental defects
from mercury passing through the placental and blood-
brain barrier during pregnancy. For people in developing
countries——particularly gold miners, subsistence fishers
and indigenous communities—the impact of mercury is
very real and more than just a concern. The developing
world experiences a disproportionate mercury pollution
burden from industrialized nations exporting their excess
elemental mercury, outdated industrial processes and
mercury-containing products to nations with weaker
environmental regulations, awareness of how harmful
mercury is, and human
rights protection.

groups from Baffin Island
to the Guyana Shield risk
losing irreplaceable food
staples in fragile
subsistence economies;
and millions of people
breathe mercury vapor

No single country can resolve the mercury
problem on its own. There are alternatives to
mercury, but there is no alternative to
international cooperation.

To avert this impending
global mercury crisis,
concrete and binding
international action must
be developed to
coordinate and
harmonize action at the

into their lungs everyday
through dental mercury-
fillings.

Economically viable alternatives to mercury exist for
almost every known human use. Control technologies and
conservation strategies are available that could reduce
releases from the largest source of mercury pollution—
coal-fired power plants.! Nevertheless, global releases of
mercury to the environment are growing dramatically.
Recognizing the immediate global threat, in September
2002 at the United Nations Environment Program
(UNEP) Global Mercury meeting in Geneva, 150 experts
concluded “there is sufficient evidence of significant global
adverse impacts to warrant international action to reduce
the risks to human health and the environment arising
from the release of mercury into the environment.”

Over the past half-century, numerous large scale exposure
epidemics in places like Japan, Iraq, South Africa, India
and Peru have provided the scientific community with all
too many opportunities to study the effects of
methylmercury on human health. This body of research
has clarified what many had long feared: human health is
compromised by significantly smaller concentrations of
mercury than ever imagined. Accordingly, our
understanding of so-called safe exposure levels has
become more precise. In 1991, the World Health
Organization concluded that a safe level of mercury

local, national and

regional levels. Only a
binding international instrument can require equal
responsibility to all state-actors and prevent the unjust
transfer of mercury from the developed to the developing
world. Voluntary and aspirational international targets are
insufficient: no single country can resolve the mercury
problem on its own. There are alternatives to mercury,
but there is no alternative to international cooperation,

Mercury pollution compromises the most basic human
rights—life, clean food and water, work in safe
environments, environmental health, and the rights of
indigenous peoples to preserve traditional ways of life and
foodways. These basic rights are threatened by the
buildup of mercury dental fillings, vaccines, and in fish,
and the transference of mercury from richer, developed
countries to poorer, less developed nations.

In order to create a healthy and equitable living
environment for future generations, we must stop the
circle of poison that mercury use and pollution
perpetuates, and take immediate steps to limit human
exposure. As the authors of the UNEP Global Mercury
Assessment Report point out, despite remaining data gaps
in our understanding of how mercury negatively affects
human and environmental health, international actions to
address the global mercury problem should not be
delayed.




In response to this growing ecological and health crisis,
this report of the BAN-HG Working Group provides an
overview of the toxicological impact of methylmercury,
and highlights five primary sources of human exposure to
mercury: 1) Consumption of Contaminated Fish; 2)
Occupational Exposure; 3) Dental Amalgam; 4)
Vaccines; and 5) Domestic Use. It also lays out a
framework of recommendations for addressing exposure
pathways to mercury through international agreements,
coupled with actions at the national and local community
levels.

Introduction:
Background
Toxicology

Mercury occurs in
three basic forms:
elemental (metallic),
inorganic and organic
mercury. Metallic
mercury is poorly
absorbed in the
digestive track, but
enters the body via
inhalation.® Exposure
to high levels of elemental mercury vapor can result in
severe neurological disorders; metallic mercury is
transformed into methylmercury-—sometimes years after
its initial release.*

While most mercury released into the environment is in
the form of elemental or inorganic mercury, it is organic
mercury—in particular, methlymercury—that poses the
greatest threat to people and wildlife. A potent
neurctoxin, exposure to methylmercury impairs the brain,
kidneys and liver, and causes developmental problems,
reproductive disorders, disturbances in sensations,
impairment of speech and vision, hearing and walking
difficulties, mental disturbances, and death.’
Methylmercury concentrates in fish tissue, becoming
increasingly potent in predatory fish and fish-eating
mammals, sometimes reaching toxic levels over a million
times greater than the surrounding waters.”

At present global mercury loading rates, the equivalent of
less than 1/50™ of a teaspoon of mercury per 20 acre
lake surface is enough to make fish unfit for human
consumption.” In Sweden, for instance, fish in 50
percent of the country’'s 100,000 lakes have mercury
levels exceeding WHO limits, and in 10 percent of the
lakes levels are double the recognized limits. Once

Remmmeﬁdatmns For Action

,HG chkmg Group invites the Governi ing
to c nsxder the fo]lowmg 1ecommendat10ns

mercury, énd an effective strategy for
naging byproduct mercury produced in the
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ingested by people, methylmercury is rapidly absorbed
through the gastrointestinal tract, and it easily penetrates
the blood-brain and placental barriers in humans, allowing
passage of mercury from a pregnant woman to her fetus.

I. Fish: A Toxic Mercury Time Bomb

The mercury exposure route of greatest concern to the
international community is the contamination of the world
food supply. Recognizing the increasing risks of
consuming mercury-contaminated freshwater fish and
seafood, a recent European Commission report says that,
“exposure to methyl mercury via diet is the critical mercury
problem for Europe, the reduction of potential exposure to
this Hg species should be the focus for the steps to be
taken in Europe...”®

Through regular fish consumption in their diet, entire
populations are exposed to methylmercury. Virtually 100
percent of the mercury found in such seafood as tuna, king
mackerel, swordfish, and shark, is methylmercury. More
than one billion people around the world rely on fish and
other vulnerable seafood as their primary protein source.
Indeed, global fish consumption is at record levels,
reaching 121 million tons in 1996—making fish a more
important global staple than beef, pork and poultry. In the
developing world, the dietary importance of fish is even
more profound. Fish provides as much as 25 percent of
all animal protein in Asia, and 17 percent in Africa, while
in many indigenous communities fish is at the center of
centuries-old subsistence economies.

The most recent US Centers for Disease Control data
indicates that 8 percent of US women of childbearing age
have unsafe mercury levels, translating into over 300,000
children born each year in the US at risk of exposure to
mercury. ® Eating fish during pregnancy and through
nursing exposes infants to dangerous levels of mercury.
Daily consumption of as little as 60 grams—or just 2.5
ounces— of fish can exceed the safe levels set for mercury
exposure of the average woman.

Both pre- and post-natal mercury exposure [rom fish is
linked fo impaired development of the infant’s nervous
system.'® A 1997 population study conducted in the
Faroe Islands demonstrated that children born to mothers
who consumed mercury-contaminated whale meat during
pregnancy; exhibited cognitive delays and irregular
cardiovascular development.!’ Concentrations of mercury
in cord blood among Faroe Islands children who were
exclusively breast-fed averaged about four times the
recommended exposure limit recommended by the U.S.
EPA.

Indeed, global fish consumption is at
record levels, reaching 121 million
tons in 1996—making fish a more
important global staple than beef,

pork and poultry.

Several recent advisories have been issued in Europe and
the US to protect developing infants from methylmercury
poisoning. The recent Furopean Commission report
acknowledges, "dietary restriction with respect to fish with
high levels of MeHg should be advised for pregnant
women."'? And in May 2002, Britain's Food Standards
Agency began advising pregnant women, women intending
to become pregnant, and children less than 16 years of
age, to avoid eating swordfish, shark, and marlin because
of high mercury levels. Forty-one American states have
issued fresh water fish advisories, and 10 now advise
women and children to limit consumption of canned fish.

In the U.S., fish consumption—particularly canned tuna—
is thought to be the main culprit for the 7-8 percent of
women between the ages of 15-44 who have excessive
mercury levels in their bodies. According to one U.S EPA
scientist, canned tuna is a threat not because its mercury
levels are so high, but because people consume so much of
it that even at the relatively low average exposure rate of
0.2 ppm, canned tuna is still likely the largest source of
mercury exposure.

Adults in fish-eating indigenous
communities frequently consume as
much as of 40 to 60 micrograms of
mercury per day from predatory fish

contaminated by pollution....

From the Arctic to the Amazon, mercury’s propensity to
bioaccumulate in the environment is particularly
threatening to indigenous communities. Adults in fish-




eating indigenous communities frequently consume as
much as of 40 to 60 micrograms of mercury per day from
predatory fish contaminated by pollution from artisanal
gold mining —about 6 to 10 times the international
average consumption. In one Inuit community in Baffin
Island, Canada, more than 50 percent have mercury levels
in their daily diet of seal, walrus and narwhal blubber that
exceed the WHO'’s guidelines for tolerable daily intake.
People with the highest intake have mercury levels six
times higher than the provisional tolerable weekly intake of
mercury.”? Meanwhile, among the Wayana in French
Guiana, close to 60 percent of the community exceeded
WHO safe limits.'* And roughly 14 percent of the fish
taken from the heavily mined Caroni River surpassed safe
levels."®

A recent Finnish study links cardiovascular risks to
mercury exposure through contaminated fish. Among
middle-aged men in Finland, patients who consumed
greater than 30 g/day fish had 56% higher mean hair Hg
(mercury) content than people who consumed less than 30
g/day of fish. The higher consumption and subsequent
higher hair-mercury levels were associated with a 2-fold
increase of risk of acute myocardial infarction and
coronary heart disease.'®

Copyright 1999 © International Development Research Centre,
Ottawa, Canada media@jidre.ca, 30 June 1999

II. Occupational Exposure: Protecting
Workers’ Rights

Countless people throughout the world are put in harm’s
way as a result of regular occupational exposure to
mercury. Mercury use spans many industries and
continents, including chlor-alkali production, thermometer
factories, primary mercury mining, gold, silver, lead,
copper and nickel production, dental clinics, and coal-fired
power plants.

The world’s most severe mercury-related occupational
exposure crisis is happening far from the focus of any

media attention. Millions of people engaged in small-
scale—or artisanal—gold mining use mercury to extract
gold from unwanted sediment. Bonded gold-mercury
amalgam is then heated with an intense flame to burn off
mercury, directly exposing miners and bystanders to
deadly elemental vapors. As much as 95 percent of all the
mercury used in artisanal gold mining is lost to the
environment. This mercury methylates after mixing with
organic matter—bioaccumulating in fish and contaminating
precious food supplies. Although the informal nature of
this industry makes accurate numbers difficult to ascertain,
in Brazil 130 tons of mercury per year are released into
local rivers for every 90 tons of gold produced from
artisanal gold mining."’

...faced with stringent environmental
standards in developed countries,
multinational companies regularly shift
their mercury-based operations to the
developing world, where they literally get
away with murder....

Weak enforcement of labor rights in developing countries
places a disproportionate burden of mercury pollution on
their people. These communities are faced with an
exploitative paradigm of profound poverty and official
disregard for basic human rights protection and respect
for human dignity. When faced with stringent
environmental standards in developed countries,
multinational companies regularly shift their mercury-
based operations to the developing world, where they
literally get away with murder, sacrificing human life in the
name of the bottom line.

Lenient environmental laws in much of the developing
world means that even in more formal industrial sectors
occupational exposure to mercury is a persistent threat to
human health. According to environmental and community
groups in Kodaikanal, a hill station in southern India, 10
people died and dozens others were poisoned from
mercury inhalation at the local thermometer factory—run
by a subsidiary of the multinational giant Unilever. The
company—which has since closed the factory but denies
all allegations of personal injury to workers—employed no
occupational safety measures, even though mercury levels
inside the plant were reportedly 600-times greater than
internationally accepted safety limits.

While the workers’ rights case against Unilever rages on,
a similar pattern can be detected in the now decade old

case against British operated Thor Chemicals in KwaZulu-
Natal, South Africa. Workers were systematically exposed




to elemental mercury for over a decade before the
government finally stepped in and shut down the plant.
At least two workers died as a result of occupational
exposure, while dozens more reported the typical
symptoms of mercury poisoning, such as nervous
disorders, infertility, and madness.

Nevertheless, mercury-related occupational exposure
issues are not limited to developing countries. The US
Department of Labor’s Mine
Safety and Health
Administration reports that
12.5 percent of workers
tested at gold and silver
mines—where thousands of
tons of “byproduct” mercury
are produced—showed
dangerous levels of mercury
in their bodies.'® In 50 percent of these cases mercury
levels were more than twice the permissible limit, while
some workers’ mercury levels were 50 times safe limits.
Mine workers’ families were also found to be at risk from
trace mercury entering their homes attached to items of
clothing worn at the mines.

People working in resource extractive industries are not
the only employees exposed to mercury. Dentists and
dental clinic employees are another high-risk group of
workers. Mercury dental amalgam is generally heated in
the dental office in order to extract silver, volatilizing
elemental mercury vapor, and exposing workers via the
skin and the lungs.'® A recent Scottish study revealed high
rates of kidney disease and memory disorders among
dentists whose urine samples contained four-times the
normal level of mercury.*

HI. Dental Amalgam

The WHO?! and several US federal and health and
research agencies,” confirm that dental amalgam—an
inexpensive alloy of silver, copper, tin and 50 percent
mercury—is the largest source of human exposure to
elemental mercury for those who have dental amalgam.*
The lungs rapidly absorb 75-85% of elemental mercury
vapors coming from dental amalgam.** Recent research
confirms that mercury escapes from dental amalgam and is
converted to methylmercury after combining with bacteria
in the mouth. ?® Laboratory tests have shown that the
average person with dental amalgam gets 10 times as
much daily mercury exposure as the average person
without amalgam fillings. Depending on the number of
amalgam surfaces in a person’s mouth, average daily

The WHO and several US federal and
health and research agencies, confirm
that dental amalgam...is the largest
source of human exposure to elemental
mercury....

absorption of mercury is between 3 and 17 micrograms of
mercury.

Dental amalgam is the predominant mercury source in
wastewater systems. In addition to exposing dental
industry workers directly to mercury vapors, waste
mercury from clinics accounts for 40 percent of the
mercury load in U.S. sewer systems—three times the
pollution from the next largest contributor. Mercury in
wastewater systems makes
its way back into the
environment by passing
through sewage treatment
plants and leaching from
landfills and sites where
sewage sludge is applied
for agricultural use, into
rivers, lakes, ocean and
groundwater. It is directly distributed to the atmosphere
as air emissions when sludge is incinerated.

The governments of Sweden, Germany, Denmark,
Norway, Finland, Austria, and Canada have taken steps to
significantly reduce dental mercury release and limit or
phase out mercury use in amalgams, especially among
sensitive populations including pregnant women, children
and those with impaired kidney functions. Nevertheless,

the mainstream US dental establishment continues the
unabated use of dental-mercury amalgam.

In 2001, U.S. dental clinics used 44 metric tons of
mercury to make 100 million amalgamated fillings—an
increase of three tons from 1999. Meanwhile, insurance
companies perpetuate this exposure crisis by only covering
the cost of cheaper mercury fillings, despite recent findings
that blood mercury levels from dental amalgam can be as
high as 20 micrograms per liter—more than twice the
mean concentration for blood. Ironically, two industries—
the dental and insurance industry—that exist for the sake
of serving the public health and protecting people from




harm, are knowing contributors to one of the world’s
critical mercury exposure crises.

IV. Thimerosal

Thimerosal, a mercury-containing preservative, was first
added to vaccines in the 1930s to protect against bacterial
contamination. A proprietary formulation of the Eli Lilly
Company, thimerosal is composed of nearly 50 percent
mercury, and metabolizes to ethyl mercury and
thiosalicylate. Although ethyl mercury toxicity has not yet
been thoroughly evaluated, its composition is very close to
methylmercury.*’

In 1999, European regulatory agencies and the US FDA
agreed that exposure risks warranted removing single-
dose mercury-containing vaccines from the market as soon
as possible.”® Based on EU and US calculations, the
cumulative impact of mercury-vaccines on a six-year-old
child exceeds the acceptable reference dose level set by
EPA. Until recently, all pediatric diphtheria-tetanus-
pertussis (DTP and DTaP), hepatitis B (hepB), Hib
(haemophilus influenzae type b), meningococcal vaccines,
and some rabies and pneumococcal vaccines,
manufactured and used in the U.S. contained thimerosal.

Until the 1980’s, pre-school children received only one
mercury-containing vaccine (DTP) in the U.S. Six other
mercury-free vaccines gave a total of 23 doses. But over
the last two decades, administering vaccines to infant
children has multiplied exponentially, and in 1988, four
new doses of a mercury-containing vaccine (Hib) were
added to the routine childhood vaccination schedule in the
U.S. This was followed in 1991 by three doses of
mercury-containing hepatitis B vaccine, first given in the
newborn nursery at birth. By 1999, before the FDA and
EPA told U.S. drug companies to remove the mercury
preservative from all pediatric vaccines, the U.S. Centers
for Disease Control directed pediatricians to inject all
young children with 30 doses of 11 different vaccines in
the first 18 months of life, when children are most

susceptible to neuro-developmental disruption caused by
mercury poisoning.”’

High mercury levels detected in hair and blood samples of
autism patients®® have contributed to mounting evidence
that childhood exposure to thimerosal in vaccines is linked
to the onset of autism, as well as other cognitive disorders
such as attention deficit disorder and speech/language
delay.® And studies initiated by the FDA demonstrate
that the cumulative impact on a six-month-old infant from
mercury-containing vaccines exceeds the acceptable
reference-dose-level established by US EPA and upheld by
the US National Academy of Sciences in their July 2000
report. Until 2000, a 6-month old infant undergoing
standard pediatric vaccination recommendations in the
U.S. would have received 187.5 mcg of mercury, almost
three times the calculated exposure limit of 65
micrograms, based on EPA guideline of 0.1
microgram/kg/day.*? Despite current recommendations,
an infant may still receive excessive levels of mercury if
given some brands of Hib, hepB and pneumococcal
vaccines.

Although most vaccines in the U.S. are now available
without thimerosal, pharmaceutical companies continue to
sell mercury-based vaccines—including DTP, hepB and
Hib—to developing countries where mercury ingestion
guidelines are less stringent or non-existent. Sixty percent
of thimerosal-containing DTP world vaccine supply is
produced locally outside of the U.S. and used in
developing countries.*® The WHO guideline used for
thimerosal exposure from vaccines in countries worldwide
is five times higher than the safety limit recommended by
the U.S. EPA, and higher than those established by the
Agency for Toxic Substances Disease Registry** and the
FDA.

Although most vaccines in the US
are now available without thimerosal,
pharmaceutical companies continue
to sell mercury-based vaccines—
including DTP, hepB and Hib—to
developing countries where mercury
ingestion guidelines are less stringent
or non-existent.

Infants who are vaccinated in developing countries typically
receive 150-175 micrograms of mercury by 18 months.*®
And even though the WHO has recognized the potential
side effects of thimerosal since 1990,% the recommended
vaccine schedules from African countries includes large
quantities of mercury from DTwP, hepB and Hib vaccines.




Although some developing countries can only afford
routine vaccines of DTP or DTwP, those children
vaccinated in such a country would still be exposed to
levels of mercury exceeding the U.S. EPA safety guideline.
WHO's Joint Expert Committee on Food reaffirmed that
the mercury exposure limit of 3.3 micrograms per
kilogram per week should be reduced by a factor of 5 for
pregnant women and nursing mothers. However, it was
not made as a specific official recommendation.”’

V. Domestic Mercury Use

Domestic sources of mercury such as thermostats,
thermometers, manometers, batteries, light switches,
fluorescent lights, pesticides, gas regulators, and ritual
uses of mercury among Afro-Caribbean peoples, all
expose people to mercury vapors in their homes.*®
According to a recent study, as much as 10 percent of
U.S. households may have mercury exposure levels that
exceed the worker safety standard established by OSHA-
PEL—a relatively conservative risk level targeted for
healthy adults rather than more at-risk segments of the
population like children and pregnant women.* Mercury
may also be transported home by children returning from
school science labs, and by people who work with
mercury-bearing equipment at medical facilities.*” As
noted earlier, employees at thermometer plants or gold
mines frequently track mercury home on shoes and
clothing.

Once mercury enters the domicile, it can be difficult to
remove—exposing people to volatile vapors over extended
periods with little hope for remediation. Mercury vapors
can remain for months or years on furniture, carpet, floors
and walls, and is tracked and transferred easily from
shoes, personal items and clothing. In modern “tight”
buildings, vapors can also be trapped for long periods of
time, continually re-exposing inhabitants.
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In parts of the developing world—notably China—coal is
used for domestic functions such as heating and cooking,
and is burned in simple household stoves, exposing people
directly to emissions of mercury and other toxic metals
and organic compounds. The US Geological Survey
reports that hundreds-of-millions of people in rural China
commonly burn raw coal in unvented stoves, and use coal
briquetes to dry corn and other foods.*! This type of coal-
use poses an extremely high risk because the coal typically
has higher mercury concentrations than coal burned in a
U.S. or European power plant (see sidebar page 7). For
instance, in Guizhou Province in southwest China—where
domestic coal consumption is commonplace—mercury
levels in coal were measured as high as 55 ppm,
approximately 200 times the average mercury
concentration for U.S. coals.

To Conclude...

The tripling in mercury levels in the global environment for
the past 100 hundred years has resulted in increased risks
to all peoples, wildlife and ecosystems, and threatens the
future viability of fish as one of the world’s most important
protein sources.

Mercury from a variety of industrial, occupational,
household and health care uses—as well as local and
global mercury sources—poses further exposure risks to
millions of people around the globe each day.

Various large-scale exposure epidemics over the last 50
years have demonstrated the devastating impacts of severe
mercury poisonings. From Minimata, Japan fo
Choropampa, Peru and across the world over, direct
human exposure to mercury has injured and killed tens-of-
thousands of people, devastating generations of survivors,
wrecking communities, and ruining contaminated sites for
decades.

People in developing countries-- and in particular gold
miners, subsistence fishers and their families-- are
disproportionately impacted by mercury, due to their
economic and cultural situations and lack of awareness of
the exposure risks posed by mercury.  Mercury's
propensity to bioaccumulate and persist in the environment
is particularly threatening to indigenous communities from
the Arctic—where atmospheric deposition from coal
burning in industrialized countries accumulates in fish and
mammals—to the Amazon, where mercury releases from
small-scale gold mining is threatening critical ecosystems.

These are the worrisome facts, chronicled in the brutal
history of mercury. The world’s people have a right to

ask, how many more must be poisoned by mercury before
nation’s unite to stop the toxic trade, use and release of
mercury forever? Unless an alternate path is clearly
articulated, increasing fossil-fuel generation, gold-mining,
mercury cell chlor-alkali production, waste disposal, and
new industrial and domestic uses for mercury will push the
planet beyond the thresholds for living beings.

Clearly, to avert a global mercury catastrophe, concrete
and binding international action must be developed to
coordinate and harmonize action at the local, national and
regional levels in order to protect children and future
generations from mercury exposure - the world’s toxic
time bomb. Written by: Shefa Siegel, Lori Stratton,
Michael Bender, and Richard Gutierrez, Cover Photo:
Copyright Eugene Smith. s
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