May 10, 2006 S6 Corperation

125 Soutn Frankiin Street
Chicage, 1L BOB0S-4672
212 B06-4600
Fay: 312 B06-4483
Dr. Scott A. Masten
Director, Office of Chemical Nomination Foundad in 1902
and Selection
NIEHS/NTP
111 T. W. Alexander Drive
P.O. Box 12233
Research Triangle Park, NC 27709

Dear Dr. Masten:

United States Gypsum Company has been manufacturing and selling gypsum
products for over 100 years. United States Gypsum Company is a subsidiary of
USG Corporation. USG has over 20 gypsum production facilities in the United
States. USG supplies its customers with SHEETROCK® Brand Gypsum Panels,
SHEETROCK® Brand Joint Compounds, building plasters, industrial plasters,
agricultural gypsum, industrial gypsum, and food and pharmaceutical grade
gypsums.

The attached information is provided for evaluation and review in consideration of
nominating gypsum to the NTP Testing Program. This input is intended to fill
significant gaps in the knowledge of gypsum foxicity and to enhance your predictive
ability on determining and prioritizing the need to conduct further studies. The
information provided addresses gypsum biosolubility, intratracheal and inhalation
studies, reproductive and teratological effects, genotoxicity studies, carcinogenicity,
and worker exposures to gypsum dust.

USG has retained the services of R. P. Musselman, Inc. to assess the safety of
gypsum. Much information has been obtained in the short amount of time since the
NTP notification was published in the Federal Register, April 11, 2006. Additional
published literature is available but could not be obtained and translated into English
given the time constraint of the comment period. The attached Safety Assessment of
Gypsum Dusts provides significant information about gypsum on human exposures,
animal studies (inhalation, intratracheal, intraperitoneal), gypsum fiber solubility,
mutagenicity, cell toxicity, and carcinogenicity (See Attachment A).

WTC Dust

What individuals were exposed to after the World Trade Center (WTC) collapse
should be a concern. Dust, smoke, fumes, and volatiles should be examined to aid in
determining causes of any long-term health effects. Dust around the WTC collapse
would be expected to contain gypsum since gypsum wallboard was a common wall
panel used during the construction of the buildings. Natural gypsum was used to
make gypsum wallboard at the time of the WTC construction. It should be noted that



the pH of WTC dust has been reported in the alkaline range of 9-11 and that of
natural gypsum (all phases including anhydrite and gypsum hemihydrate) would be in
the pH range of 7-7.5. Elevated pH levels of WTC dust might be due to calcium
bearing mineral phases in the buildings being converted to calcium oxide (lime).
Conversion to lime (pH > 12) could have resulted from exposure to the extreme
temperatures generated by the event. The presence of a very small amount of lime
in any dust mixture could increase the pH of the dust significantly. This is an
example of just one parameter of many that distinguishes gypsum dust from WTC
dust and exposures to dusts in other occupations.

USG workers are exposed to some amount of gypsum dust every work day.
Exposures are typically well below OSHA PEL and ACGIH TLV levels but even with
the use of engineered dust controls, the work environment is not totally dust free.
Analysis of latent dust in the plant and industrial hygiene sampling shows the dust is
commonly compeosed of gypsum fibers. USG workers do not display any symptoms
of health effects and none are observed similar fo those described attributed to the
dust from the burning and collapse of the World Trade Center.

Information Relating fo Oral Exposure to Gypsum and Medical Applications

Oral, medical, and dental applications of gypsum were generally not included in the
NTP review. It is recognized that these applications would not be the same exposure
of gypsum as exposures in occupations. However, in considering gypsum health
effects, it can be useful to review studies conducted in these applications that can
provide significant information on behavior of gypsum in humans. For example, the
Food and Drug Research Laboratories, Inc. in 1974 reported no discemnible effects or
difference in abnormalities in their teratologic evaluation of calcium sulfate in mice,
rats, and rabbits (See Attachment B).

Also, there have been numerous studies using gypsum for bone reconstruction and
no tumors or carcinomas have been reported in animals or humans. Studies in the
medical field show gypsum did not have adverse effects on human tissue or organs.
Turner et al,, 2001 (See Attachment C) summarized many years of radiographic and
histologic assessments of calcium sulfate in experimental animal models and human
clinical uses. Itis recognized that medical grade gypsum is a purified form of gypsum
but nonetheless the information on the behavior of gypsum in humans can be
evaluated and used fo help predict what could happen when one is exposed to
gypsum dust.

Gypsum in Indoor Environments

USG is very interested in the composition of indoor air environments. In addition to
the studies referenced in the NTP review pertaining to gypsum in indoor
environmenis, there are airborne fiber studies available in the literature. The
additional information provides a better characterization and understanding about
fibrous gypsum dust concentrations in buildings. Like many environments, there
could be a wide range of airborne fiber concentrations indoors depending upon the
building activities and conditions at any given time.




The 1984 German study referenced in the NTP Review Document for fibrous dusts
indoors reported the average concentration of gypsum fibers at 0.003 fiber/cm®. This
fiber concentration appears low when compared to the NIOSH REL, OSHA PEL, and
ACGIH TLV fiber concentration limit for asbestos of 0.1 fiber/cm® and considering the
biosolubility and health effects of gypsum.

Most of the products manufactured by USG goes into indoor environments. A U.S.
study on indoor airborne respirable fiber concentrations in commercial and residential
buildings showed very low levels ranging from < 0.0001 fiber/cm?® to 0.029 fiber/cm®
[Carter, et al., AIHA Journal, 60: 794-800 (1999)]. The airborne fibers were primarily
organic (97%) with the total respirable inorganic fibers concentrations reported at

< 0.0001 fiber/cm®. These results are similar to the results of other studies reporting
indoor airborne fibers. The lack of gypsum fibers in the indoor environments of
typical buildings correlates with the fact that installed gypsum panels do not emit
fibrous dust unless the product is disturbed.

Intratracheal Studies

In 1974, USG sponsored a 26-week IT toxicity study of gypsum fibers in rats that was
conducted at Hazleton Laboratories, Inc. located in Vienna, VA (See Attachment D1
and additional IT studies on guinea pigs by Dr. George W. Wright discussed in
Attachment D2). The purpose of the study was to identify, evaluate, and characterize
the effects of a single intratracheal instillation of gypsum fibers into the lung of male
rats at levels of 0.1 mg, 1.0 mg, and 10.0 mg. Animals were sacrificed at intervals of
24 hours, 1 week, 4 weeks, 13 weeks, and a terminal sacrifice was made at 26
weeks. This report concluded by stating “histomorphological alterations atiributable
to the test material were not apparent at any of the dosage levels at any of the time
intervals”.

A German study by Bartmann, 1986 (See Attachment E) is another long-term
intratracheal study using rats. The results of this study showed no adverse
respiratory effects. Gypsum fibers were not present after 24 hours of the instillation.

Mutagenicify Studies

A published Finnish study by Simonen, 1991 on FGD gypsum was translated into
English and is provided in Attachment F. Simonen observed no mutagenic effects in
the Ames test using FGD gypsum.

Health Effects from Occupational Exposures

USG does have information on occupational exposures to gypsum that is significant.
Workers at the United States Gypsum Company manufacturing plants, quarry, and
mining operations are exposed to gypsum every work day. In over 100 years of USG
operations, there has been no evidence of adverse long-term health effects in
workers from exposure to gypsum dust.




Shirley Conibear, M.D., M.P.H., has served as USG’s medical consultant for over 25
years. Dr. Conibear designed and implemented a medical surveillance program of
USG production workers. Medical menitoring of workers includes pulmonary function
testing (PFT), PA chest X-ray read by a B Reader/radiologist, and medical history.
Dr. Conibear has not observed “an excess of lung disease, a pattern of X-ray
abnormalities indicative of fibrotic changes or a pattern of symptoms suggestive of
occupational lung disease”. In addition, there has not been an observed pattern of
health effects on any other organ systems based on other medical testing conducted
as a part of the medical surveillance program (See Attachment G).

As noted in the NTP literature review, the studies regarding a possible association
between cancer risk and occupations when exposed to gypsum can be confusing
because the occupational studies are confounded with exposures to other toxic
materials. Employees at USG production plants are exposed principally to gypsum
and not exposed to the same extent to other toxic materials compared fo some
construction workers.

USG has not observed any decrease in lung function or respiratory symptoms from
gypsum exposure at our mines and quarries. However, the quartz content of the
gypsum deposits in the U.S. are not close to the higher quartz content in the
Nottinhamshire and Sussex mines in England. This may explain the difference of
observed lung shadows by Oakes et al., 1982 in their study and why there are no
observed abnormalities in lung X-rays of USG workers.

Quarried or Mined Gypsum and FGD Gypsum

Flue Gas Desulfurization (FGD) gypsum has been used to make gypsum wallboard
since the early 1980s. Comparison of composition between FGD gypsum and
natural gypsum shows little difference between the two (See Attachments A and H).
Trace element concentrations contained in FGD gypsum are typically similar to those
found in U.S. soils and natural gypsums. Employee exposures to FGD gypsums do
not show detrimental health effects. Dr. Conibear has not observed any discernible
difference between the medical findings in workers exposed to FGD gypsum versus
natural gypsum (See Attachment G).

Regulatory Status

The limits of exposure o gypsum dust established by NIOSH, OSHA, and ACGIH are
relatively high based upon the knowledge that gypsum has few health effects.
Diseases and chronic health effects have not been detected or observed with
gypsum exposures by these organizations or the Center for Disease Control. There
has been no observed causal relationship between gypsum and chronic health
effects.




Prioritizing Further Studies
There is no evidence from USG medical information that worker exposure to gypsum
dust for a working lifetime would cause health-related effects due to reproductive and

developmental toxicity, genetic toxicity, immunotoxicity, neurotoxicity, or
carcinogenicity.

Based upon all the information available on gypsum, one could predict that gypsum
would disappear quickly in any short-term pulmonary toxicity studies with no
significant effects.

Sin?eiy, )
Ui

Charles D. Byers, Ph.D.
Manager, Product Safety & Industrial
Hygiene

Attachments (9)



ATTACHMENT A

SAFETY ASSESSMENT OF GYPSUM DUSTS



Safety Assessment of Gypsum Dusts

By

Rod Musselman, DrPH

R.P. Musselman, Inc.
One Wren Court
Woodridge, IL 60517
(630) 541 — 3342

For USG Corporation
125 South Franklin Street
Chicago, IL 60606

May 8, 2006
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Review of Safety Assessments of Gypsum Dusts

Executive Summary

Gypsum is abundant in the earth’s crust where it has been mined and quarried since
ancient times for the manufacture of products for the built environment such as plaster
and wallboard. [t has many other uses including products for agriculture, horticulture
and silviculture, as well as for the food, water treatment, pharmaceutical, pigment and
paper industries. Gypsum plasters have many applications in dentistry and medicine

including casts and implants.

in the last 15 years gypsum has become available as a byproduct from stack scrubbing
at coal-burning utility plants. This form of gypsum, known as flue gas desulfurization
(FGD) gypsum is used to make wallboard for the construction industry. FGD gypsum is
essentially the same as mined and quarried gypsum in terms of calcium sulfate and
trace metal content. FGD gypsum would not be expected in the World Trade Center

buildings except perhaps in some renovation projects.

Airborne gypsum particles or fibers are considered to be “nuisance” (not otherwise
specified, NOS) dusts in the work environment. High levels of airborne gypsum dust will
cause temporary irritation to the eyes, nose and throat, and setiled gypsum dust will
cause dry skin with prolonged exposure. Gypsum wallboard panels or boards for the
construction industry are fabricated such that an individual panel can be cut using the
efficient and rapid "score and snap” technique which generates almost no dust. The use

of power tools to cut wallboard panels is discouraged and is rarely employed. For those



situations where power tools are necessary, local exhaust systems are recommended.
Where this is not possible, suitable and approved respirators are recommended.
Medical and experimental studies and reporis generated over several decades support
the safety of gypsum. Food and medical grade gypsum received GRAS (Generally
Regarded As Safe) status from the US Food and Drug Administration many years ago.
Gypsum particles are not sensitizers and are not considered to possess developmental,
reproductive or carcinogenic potential. No chronic or irreversible and progressive

diseases have been attributed to gypsum exposures.

Gypsum is soluble in liquids simulating lung fluid, and animal models have demonstrated
that inhaled gypsum fibers or gypsum fibers instilled into the lungs of experimental
animals dissolved quickly (e.g., within 24 hours) and did not cause any adverse,
irreversible effects such as fibrosis. Experimental data from animal intratracheal
instillations also indicated that in simuitaneous quariz and gypsum instillations, gypsum
mitigated the irreversible lesions caused by respirable crystalline silica exposures,

possibly because of its buffering capacity.

Clinical studies of gypsum miners and quarry workers attributed quartz exposure as the
causative agent responsible for identified silicosis cases. The authors who followed
these cases over a period of several years noted that the silicosis did not appear to
progress, or that it progressed in individuals at a slower rate than would be expected

when compared with silicosis cases identified in coal or hard rock miners .

Additionally, lifetime experimental studies in which billions of long/thin gypsum fibers

were injected into the intraperitoneal cavities of rats did not induce tumors, leading the

e



researchers to conclude that gypsum fibers are too soluble and transient in animal

tissues to be considered tumorigenic.

The medical and experimental data associated with gypsum exposures have led
governmental regulatory bodies to consider gypsum fo have no or very, very little
capacity to induce cancers in animals or humans. For example, in Germany the MAK —
und BAT — Werte — Listse (1993) states that gypsum is “nicht kanzerogen” — not a
carcinogen. Similarly, German regulations TRGS 906-1 and TRGS 905 (“Technical
Rules for Hazardous Materials,” Issue June 1997/ Version November, 1997 and
Appendix 1, “Third Regulation in order to modify the Regulation on Hazardous
Substances,” July 25, 1884) contain language by which a fiber can be exonerated as a
carcinogen. Paragraph 4 [page 7 of the transiation] of the TRGS 805 document
specifically notes that gypsum is not considered carcinogenic:

“(4) Under special circumstances, a classification different from Paragraphs 2
and 3 [ Carcinogen Category 2 or 3 classification] can take piace if suitable data
are presented by the manufacturer of the fibers — for example:

- Data which prove a very low biostability (for example, comparable with gypsum
fibers),”

The German regulation as it applies to gypsum was derived from and based on scientific
knowledge derived from experimental studies that demonstrated the very soluble nature
of gypsum fibers in body fluids and lung tissue, and the lack of disease observed in

individuals exposed to gypsum dust over working lifetimes.

With regard to the World Trade Center (WTC) tragedy, the medical and scientific

literature show that soluble gypsum fibers dispersed into the air on that day and possibly



for days thereafter would not cause irreversible health effects. The results of in vitro
and in vivo experimental data conclusively show that gypsum fibers are rapidly soluble in
biclogical fluids and in lung tissues. Additionally, one animal study results suggested
that gypsum may be protective against respirable crystalline silica. And a recent in vitro
study investigating the ability of fibers and asbestos-containing cement (ACC) dust to
induce radical oxygen species (ROS) or radical nitrogen species (RNS) in hamster lung
cells showed no induction of ROS/RNS in the gypsum treated cells. Also, in an
experiment whereby gypsum dust was mixed with ACC dust and the mixture was
applied to lung cells, gypsum did not enhance (not additive) the toxicity of the asbestos

cement dust.

Such cell tests are important for the assessment of a potential toxicity. The toxicity of
biopersistent (durable) fibers is thought to include a number of processes at the cellular
level. The production of reactive oxygen and reactive nitrogen species (ROS and RNS)
are believed to be the most important ones. ROS and RNS can be produced by the
prolonged activity of macrophages against durable fibers. ROS/RNS can cause various
kinds of damage to DNA. These altered DNA can be detected in the DNA of human or
animal cell lines when exposed to durable asbestos fibers. Since calcium sulfate is not a
toxic substance and because it is soluble, it is not surprising that it would not induce

ROS/RNS in lung cells.

Furthermore, studies have indicated that the property of the very fine dust thought to
cause respiratory health problems in the workers and New York City residents was its
high pH. Airborne dust samples collected in the immediate aftermath of the collapse had

high pH values (pH = 9-11). This high alkalinity is thought {0 have contributed to the



intense respiratory irritability observed in workers and residents exposed to these dusts

(Landrigan et al, 2004}

Gypsum and gypsum dusts, however, exhibit neutral or nearly neutral pH values {(pH =
7.0~ 7.5). A contribution by gypsum dust to these respiratory problems is difficult to
imagine. Because of this, and together with the studies that have observed no adverse
effects from animal exposure to gypsum dusts, the possibility of soluble airborne gypsum
dust adding to the adverse health effects observed in many New York City residents

following 9/11 appears remote.

In summary, repeated studies over the years in many contexts have consistently
established that gypsum fibers are highly soluble in fluids, including lung fluids,
and do not persist in the body. As a result, a wealth of data demonstrates that
gypsum causes no health effects (other than transitory irritations from exposure

to high levels of fibers) and is not considered carcinogenic.



Review of Safety Assessments of Gypsum Dusts

identity and Occurrence

Gypsum [CAS 13397-24-5] is a mineral with a chemical composition of CaS0,2H,0.
Phases of gypsum include gypsum rock, gypsite, alabaster (a fine-grained transiucent
form), selenite which is a transparent crystalline form, and satin spar (a sitky form of
selenite) (Merck Index, 1976; ILO, 1971). The dehydrated phase of gypsum is the
mineral anhydrite [CaSO,; CAS #14798-04-0]. Karstenite, muriacite, anhydrous sulfate

of lime, and anhydrous gypsum are synonyms of anhydrite.

Natural gypsum is quarried or mined in many places in the world. In addition synthetic
gypsum can be obtained from flue gas desulfurization (FGD) or as a byproduct of a
chemical titanium dioxide sulfate process. FGD gypsum [calcium sulfate dihydrate CAS
#10101-41-4] has the same chemical composition as natural gypsum, CaS0,2H,0.

The primary use of synthetic gypsum is in the production of wallboard.

Natural and synthetic gypsum are essentially the same material. This is illustrated with
the chemical analyses given in Table 1 of both types of gypsum representing sources
present in North America and Germany. Most of the data given for North America
samples are unpublished results of analyses conducted for USG. The number given for
the number of samples represents the number of different sources analyzed and not the
number of analyses. For the purposes of this review, natural and synthetic gypsums will

be referred to as “gypsum.”



Natural gypsum is quarried or mined in many places in the world. In addition synthetic
gypsum can be obtained from flue gas desulfurization (FGD) or as a byproduct of a
chemical titanium dioxide suifate process. Synthetic gypsum is used in the production of

wallboard.

Natural and synthetic gypsum are essentially one and the same material in terms of
chemical make up. Table 1 shows that the trace metal concentrations present in both
are very similar. For the purposes of this review, natural and synthetic gypsums will be

referred to as “gypsum.”

Manufacture

When ground gypsum is heated, it loses its chemically-bound water and
becomes calcium sulfate hemihydrate [(CaS0, - ¥2H,0, CAS #26499-65-0], also
reference as plaster of paris and sometimes shorten to just plaster or just
hemihydrate. When water is mixed with this plaster, a paste is formed which sets
as gypsum or calcium sulfate dihydrate. This discovery made gypsum one of the
world’s most useful materials and provided versatite building products in ancient

and modern times.



Table 1. Meta!l Contents of FGD or Quarried Gypsam Samples from N. American or German Sources

FGD Gypsum (ppm) Mined or Quarried Gypsum {ppm}
Metal, Source #  oiMeunc 8D Min Max # o Nfean sD Min Max
Antimonv, N. 27 ' XD 8.23 17 L ND 612
American
Arsenic, V. 26 ND 3.9 17 ND L5
American
Arsenic, German 15 0.21 278 12 0.22 3.79
Barium, V. 26 0.2 57 17 0.39 24.4
American
Beryltium, V. 28 ND 418 16 ND 007
American
Berylium, German 15 ND .65 12 ND 0.71
Bismuth, /V, 26 ND 0.08 7 ND 0.03
American
Cadmiam, N 26 D 2.9 16 ND 0.52
American
Cadminm, German 15 ND .29 [ 17 N 4.2
Chromiam, N, 27 0.26 6.7 17 ND 4.2
American
Chromium, German | 15 1.02 9,72 12 8.65 24.9
Cobalt, N. American | 27 0.17 1.38 17 ND 26
Cobalt, German 15 0.64 2.26 12 .01 4.39
Copper, N. 27 0.23 34 17 ND 8.2
American
Copper, German 15 1.10 8.56 12 0.01 14.0
Lead, N, American 27 007 9 17 0.28 21.6
Lead, German 15 ND 22.60 12 NI 21,41
Mercury, M. 24 0.05 1.12 17 <6.02 <0.82
American (ND) (NI
Mercury, Gerntan 15 0.03 1.32 12 ND 0.09
Molybdenum, N. 27 ND 1.58 17 NB 1.28
American
Nickel, N. Amevican | 27 ND 5.8 17 ND 5.9
Nickel, German 15 03 12,93 12 0.3 13.40
Selenium, N 24 ND H.2 i6 ND 1.14
American
Selenium, Germuan 15 ND 13,70 12 ND 0.18
Silver, N. American 27 < .02 < 0.02 17 ND 0.38

(ND)___ (ND)

Thallinm, N. 26 ND 0.13 17 ND 658
American
Thallium, Germiun 15 ND 0.42 12 ND 0.20
Tellurinm, German i3 ND ND 12 ND ND
Vanadivm, N. 27 ND 35 17 NB 42,7
American
Vanadium, German | 15 1.22 7.770 12 8.93 26.40
Uraniam, N, 27 ~ND 146 16 ND 1.7
American
Zine, N. American 27 BAY . 0.96 28.8 17 g ND 78
Zinc, German 15 S8 18,34 ND 53.20 12 16600 1320 ND 41.6

FGD = Fiue gas desulfurization process}; # = Number of Samples; 8D = Standard Deviation; Min = minimum
value; Max = maximum value; Detection Limits ranged from 0.01 to 2 ppm per sample, but were typically 0.02
ppm; ND = Not Detected

German values from Beckert J, Einbrodt, HJ, Fischer M (1590} Studies to assess the health aspects of natural
gypsum and FGD gypsum from coal-fired power plants with regard to the use of these gypsums in the
production of building materials. Sponsored by Research Association of Large Power Plant Operators, Essen
and the Federal Association of the Gypsum and Gypsum Board industry, Darmstadt.

Most American values provided by USG and samples analyzed by ICP-MS for most elements. North American
values from Kocman V (1998) Modern methods for the analysis of flue gas and by-product gypsums. In: New
Frontiers for Byproduct Gypsum. McAdie, HG, Compiler, ORTECH international, Ontario, 1988, 155 as reported in



Table &, page 377 of JE Rechcigle, ed, Sgil Amendments and Environmental Quality. Lewis Publishers, New York,
1995,

Uses

In ancient times gypsum was referred to as "gypsos” (“to burn earth”) in Greek, “gatch” in
Persian and “gypsum” in Latin. Egyptians, Iranians, Babylonians, Greeks and Romans
used gypsum plaster to build exterior and interior structures. Examples include the walls
of Jericho, the pyramid of Cheops, the palace of Knossos, and the decorated interior

walls of Pompeii.

Today mined, quarried or synthetic gypsum has many uses. Gypsum a (“alpha”) -
hemihydrate is used in the production of wallboard, tiles, biocks and plasters for the

building industry.

Gypsum is used as a heavy clay soil conditioner, in the manufacture of plaster of
Paris and Portland cement, as a filler and white pigment for paints, enamels,
toothpaste, paper and insecticide dusts. Gypsum has dental applications and is
used for bone reconstruction (Wright Medical Technology, Inc.,
hitp:/iwww.wmt.com). Plaster of Paris is used in plaster finishes, moldings,

plaster casts and statuary.

Food and pharmaceutical - grade gypsums are used as fillers in foods and additives to
many pharmaceuticals. These gypsums comply with US FDA pure food and drug laws
and enjoy GRAS (Generally Regarded As Safe) status (FDA GRAS for human (21 CFR

184.1230} and livestock (21 CFR 582.5230) Table 1).
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Both calcium and sulfur are essential body constituents and are normal, readily excreted
components of the diet. The joint FAO/WHO expert Committee on Food additives did
not specify an ADI (Allowable Daily Intake), concluding that there was no information to
suggest that its use as a food additive would have any toxic effects at normal dietary

exposure (European Chemicals Bureau. IUCLID Dataset, p.118).

Gypsum is also used in water treatment and polishing powders, and in the manufacture
of sulfuric acid, calcium carbide, ammonium sulfate and porous pigments. Soluble
anhydrite is used as a drying agent. Gypsum has been used for centuries in agriculture
as a soil conditioner, a source for calcium and suifur plant nutrients, for reclamation of
sodic soils and abandoned mine spoils and for erosion control and repair of eroded

slopes.

Human Health Studies

Acute exposures: human data

Gypsum dust has an irritant action on mucous membranes of the upper respiratory tract

(nose, nasal passages, throat and upper airways) and eyes {HSDB, 1998).

Cain et al, 2004 exposed 12 lightly exercising men o controlled dust aerosols of sodium
borate (5 to 40 mg/m®), calcium sulfate (10 to 40 mg/m®) or calcium oxide (1 to 5 mg/im®)
for 20 minutes to chart chemosensory feel (chemesthesis) of the nose, throat or eyes.
The subjects perceived all three dusts, although they perceived calcium sulfate only at

the higher concentration (40 mg/m?). For calcium sulfate no difference was perceived
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for exposure to 10 mg/m® calcium sulfate and exposure to air alone (no calcium sulfate

aerosol exposure).

Prolonged or Chronic (Long-Term) Exposure to Calcium Sulfate (Gypsum)

Conjunctivitis has been attributed to prolonged eye exposure (Richardson and Gangolli,

1993).

Prolonged occupational exposure to calcium sulfate dust may cause drying out of
mucous membranes, coughing, rhinitis (runny nose), laryngitis, pharyngitis, and impaired

sense of taste and smell (HSDB, 1998; Richardson and Gangolli, 1993).

In the early 20" century health workers and medical researchers observed no or minimal
adverse health effects among workers and miners exposed for years to airborne gypsum
dust. Hunter states that calcium sulfate caused no lung disease in calcium sulfate

miners (Hunter, 1975).

In studies to evaluate the respiratory effects of dust exposure to gypsum miners, no
symptoms or pulmonary abnormalities were seen (Sayers and Riddel, 1934; Brumfield,
1939). Pneumoconiotic changes of small rounded opacities were observed in the lungs

of some miners, but were correlated with the level of silica in the environment.

Riddel reported no permanent health effects in workers exposed for many years fo
gypsum dust (Riddel, 1934). This observation was later confirmed by an autopsy study
of workers who had substantial exposure to gypsum dust during their employment.

(Brumfield, 1939).
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An investigation of the possible effects of gypsum dust on the respiratory tract of miners
was carried out by Oakes et al, 1982, Participants (241 male workers employed in four
mines) undertook fung function tests and were examined by chest X-rays. Airborne dust
samples were taken for various job categories and analyzed for respirable dust and
respirable silica content. Two of the mines had higher respirable silica content
(estimated to average 0.12 mg/m® for top exposure levels) than did those of the other
two mines (estimated average of 0.07 mg/m® for top exposure levels). in mines where
the respirable silica content of the dust was higher, the lungs of 13 of 43 men aged 35
years or more with at least 20 years of service showed small apacity profusions (mild
pneumoconiotic changes) while the radiographs of 3 of 23 men aged 35 years or more
with 20 or more years of service in the mines showed small opacities in lung tissue. The
authors concluded that dust hazard in the mines was most likely associated with
respirable quartz exposure and not with gypsum dust exposure. Parkes, 1982 notes that
in cases followed by the author for some 20 years, the lesions had shown little tendency

to progress.

Medical Applications: Clinical and Animal Studies

Calcium sulfate has been safely used in orthopedics for more than 100 years (Heyybeli
et al, 2003). Calcium sulfate hemihydrate (plaster of Paris) has been used clinically as
an osseous filler and shown not to increase the normal inflammatory response to
trauma, to elicit foreign body reaction and to allow for the ingrowth of normal bone

{(Rosenblum et al, 1993).

The radiographic and histologic appearances of refined calcium sulfate have been

studied in many experimental animal models and in clinical applications. In these
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studies refined gypsum has been used as a synthetic bone graft, a graft expander
(synergistic combination of calcium sulfate with demineralized bone matrix) and a
method for local delivery of antibiotics (Rosenblum et al, 1993; Heybelli et al, 2003).
These studies have shown excellent biocompatibility and complete resorption of caicium
sulfate. They also showed that calcium sulfate is effective as an osteoconductive
medicated bone-graft substitute, achieving a predictable local response and long-term
release of the drug over weeks without adverse systemic effects and with undetectable

systemic levels within 24 hours (Turner et al, 2001).

Animal Studies

Animal Studies: Acute Exposure

Calcium sulfate applied to eyes of rabbits as a watery paste was found to be harmiess

(Grant, 1974, HSDB, 1998).
The acute oral toxicity of calcium suifate is low for rats and mice: LD80 rat > 5000 ma/kg
body weight (BW) and 4052 — 4226 mg/kg BW for mice. (Uimans Encyclopedia of

industrial Chemistry; Kawahara, 1992).

Animal Studies: Teratologic Effects

The administration of up to 1600 mg /kg (body weight) of FDA 71-86 (caicium suifate) to
pregnant mice or rats for 10 consecutive days or to pregnant rabbits for 13 consecutive
days had no clearly discernible effect on nidition {(natural process whereby a fertilized

egg becomes implanted in the lining of the uterus of placental mammals) or on maternal
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or fetal survival. The number of abnormalities seen in either soft or skeletal tissues of
the test groups did not differ from the number occurring spontaneously in the sham-

treated controls. (Food and Drug Research Labs, Inc., 1974).

Animat Studies: Subchronic Exposure: Intratracheal

Breining et al., 1990 used the intratracheal test to study anhydrite, cadmium suifide,
titanium dioxide, polyvinyl-N-oxide (PVNO) and Doorentruper quartz (DQ) separately or
in mixtures with quartz (DQ). Female Wister rats (each about 200 grams in weight) were
instilled with varying amounts of dusts or dust mixtures suspended in 0.5 ml saline
solutiocn. The rats were sacrificed three months later and lungs were removed. Half of
each left lung was hydrolyzed, cooled, filtered and neutralized with sodium chloride, and
the total hydroxyproline content was measured. The remaining left lung half was
weighed, homogenized and extracted with chioroform-methanol, and the total lipid

content was determined.

For rats treated with anhydrite (35 milligrams instilled) no increase in total lipid or
hydroxyproline lung content was observed when compared to control animals. Separate
quartz instillations (2, 5, 7, or 11 mg) in rats resulted in dose-dependent increases in

total lipid and total hydroxyproline lung content indicating tissue injury.

Successive and simultaneous instillations of anhydrite and quartz led to marked

reductions in total lipid and hydroxyproline lung contents compared to quartz instiliations

alone, suggesting a protective effect for gypsum anhydrite.
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Histological examination showed inflammatory changes in lung and lymph node tissue
samples from quartz - treated animals. Quartz treatment caused many disseminated
histiocytic nodules with distinct formations of collagenous connective tissue (fibrosis).
The content of these pathological changes was dose — dependent. Additionally, alveolar
proteinosis (damage 1o air sacs where gas exchanges occur in lung tissue) was

observed.

Successive instillations of 35 milligrams of anhydrite and 11 mg of quartz resulted in
distinct nodular histiocytic reaction without fibrosis, suggesting a protective effect of
anhydrite. Additionally, simultaneous instiliation of 2 mg quartz with 35 mg anhydrite
caused a minimal reaction in lymph nodes with a suggestion of nodule formation without
fibrosis. In all anhydrite-quartz groups and independent of the anhydrite dose,
numerous birefringent crystals were observed, without increase in connective tissue

component or alveolar proteinosis (Breining et al, 1990).

Animal Studies: Subchrenic: inhalation

Clouter et al, 1997 exposed nose-only 2 groups of male Fischer 344 rats (36 per group)
to a 100 mg/m® aerosol of anhydrous calcium sulfate (Franklin® Fibers also known as
gypsum A-30 — see in vitro solubility study described below) for 6 hours/day, 5
days/week for 3 weeks to study its effect on macrophages, glutathione concentration
and y — glutamyl transpeptidase (y - GT) activity in extracellular bronchoalveoloar lavage
fluid (BALF). BALF is a marker of cell toxicity, and y - GT activity provides a very

sensitive index of cellular damage.
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One animal group was sacrificed after the 3-week exposure period and the other group
was followed for 3 more weeks. A control group of animals were exposed to air only.
No effects were observed on the number of macrophages per alveolus, extracellular
bronchoalveoloar lavage fluid (BALF) protein concentrations, or BALF y - GT activity..
After 3 weeks of non-exposure, the calcium sulfate — exposed animals showed
increased non-protein sulfydryl tevels (NPSH; mainly glutathione). No difference was
observed between the cell viability of type Hl pneumocytes of the calcium sulfate —

exposed animals and control animais.

In a follow-up study, Clouter et al, 1998 exposed 3 groups of male Fischer 344 rats to a
targeted 10 mg/m® aerosol of crocidolite or caicium sulfate fibers (actual calcium sulfate
aerosol concentrations averaged 15 mg/m®) or air for 6 hours /day, 5 days/week for 3 or
4 weeks. Animals were sacrificed immediately or 4 weeks after exposure. Lungs were
removed, ashed and postcaval lobes were examined for crocidolite fibers or gypsum
fibers using scanning electron microscopy and calcium levels using inductively coupled

plasma spectroscopy.

No gypsum fibers were found in any of the analyzed samples despite measuring
airborne fiber levels averaging 15 mg/m®. Calcium levels in ashed lung did not differ
between exposed and control rats. Even calcium sulfate fiber-exposed animals which
were immediately killed following exposure did not exhibit raised calcium levels.
However, histological sections of showed the presence of calcium sulfate fibers in lung

tissue, proving that respirable gypsum fibers had indeed reached the alveoli region.

In sharp contrast, crocidolite fibers numbered 12 to 13 million fibers per milligram of

ashed lung samples from animals sacrificed immediately after exposure and 5.46 miilion
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crocidolite fibers per milligram of ashed lung samples from animals sacrificed 4 weeks
after exposure. Animals sacrificed 4 weeks after crocidolite exposure showed
significantly elevated (y - GT) activity in BALF. In contrast, (y - GT) activity was

significantly reduced 4 weeks following exposure to calcium sulfate fibers.

Animal Studies: Long-Term Inhalation

Schepers et. al, 1955 published results of a study in which guinea pigs were exposed to
airborne calcined gypsum dust (16,000 particles per cubic centimeter) for two years with
no observed adverse reactions. Surviving animals lived another two years. Thereafter
they were sacrificed and their lungs were examined. The authors concluded: “the effect
of calcined gypsum dust on the lungs of guinea pigs for two years was too insignificant
to be classified as pneumoconicsis... it has been demonstrated that the small
increments of fine calcined gypsum particles inhaled into the lung largely disappear,

apparently as a result of solution in the tissues.” (Schepers et al, 1955)

Animal Studies: Long-Term Studies intra-Cavitary Studies

intratracheal Studies

Intratracheal studies are used to test the potential of a fiber or particle to induce tumors
or other chronic diseases in experimental animals. There have been at least three such

studies involving gypsum.

In 1974 Wright and Kushner directed a study to identify, evaluate and characterize the

effects of a single intratracheal instillation of calcium sulfate anhydrite whisker
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(Franklin®Fibers) in male albino rats (Hazelton Laboratories, Inc., 1976; Wright, 1986).
The research was carried out on animals maintained in animal care facilities fully

accredited by the American Association for Accreditation of Laboratory Animal Care.

One hundred and fifty animals were divided into six groups: vehicle control (physiologic
saline solution); 10 milligram (mg) dose graphite group (negative control); 10 mg quartz
group (positive control}; 0.1 mg CaSQ, dose group (low dose); 1.0 mg CaSO,dose

group (middle dose); and 10 mg CaSQ,dose group (high dose).

Five animals were randomly chosen from each group and sacrificed at 24 hours, one
week, 4 week, and 13 week intervals. All surviving animals (one vehicle control animal
succumbed) of all groups were sacrificed six months after exposure. Tissues (lung,
trachealbronchial lymph node, spleen, kidney, liver and any unusual lesions or tissue
masses) were preserved in 10% neutral buffered formalin. Lung weight for each
sacrificed rat was measured, and all preserved tissues from all groups were examined
microscopically. Statistical evaluations were carried out for growth and survival analysis,

terminal body weights, lung weights and lung/body weight ratios.

The authors reported that no biologically significant signs of compound-induced system
toxicity were observed among animals in the calcium sulfate whisker fiber dose groups
throughout the 6 month study period. They noted that histomorphological alterations
attributed to calcium sulfate anhydrite fibers were not apparent at any dosage levels at
any of the sacrifice intervals. Positive (silica-exposed) control rats developed silicotic
nodules consisting of macrophages, fibroblasts, occasional collage strands, and quartz

crystals (fist evident at the one month sacrifice). These lesions were observed in lung,
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thymus and peribronchial lymph node sections and persisted to the end of the study

period.

Bartmann, 1988 intratracheally administered 25 mg REA gypsum (an FGD gypsum)
under nonsterile conditions to 48 young (weight 220 grams), healthy female Wistar type
F 90 rats. Thirty-seven untreated animals served as controls. Scheduled sacrifices
were carried out on selected animals after 24 hours, and 1, 3, 8 and 18 months.
Histological preparations of the right upper lobe of the lung and mediastinal lymph nodes
were prepared for each animal. The preparations were stained and histologic

examinations were carried out under a light microscope.

Gypsum was not detectable using light microscopy in lung tissue samples from animals
which had been exposed for 24 hrs and then immediately sacrificed. At 18 months, no
differences could be found between the lung tissue samples from the gypsum treated

animals and those from the control animals. No pulmonary fibrosis was observed in the

calcium sulfate treatment rats.

Although this study apparently did not follow GLP (Good Laboratory Practices), its

results do not differ from the results of the prior intratracheal study described above.

Adachi et al (1991) intratracheally administered (2.0 mg/animal each week for 5 weeks
for a total of 10 mg/animal) calcium sulfate whiskers to 20 Syrian hamsters and
histologically observed the animals for fwo years after administration. They observed 3
tumors during this time period: a kidney tumor, a rib tumor and a heart tumor. Given the
fact that hamsters are known to exhibit spontaneous tumors unrelated to the test

material administered, the documented and well known solubility of gypsum fibers in
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biological fluids, and the unconventional and not recommended muitiple instillations of
the test material which causes repeated trauma and injury at the sight of injection, the
results of this study are questionable. This study has never been repeated, and

interpretation of these results is difficult if not impossible.

intraperitoneal Studies

For the purposes of estimating the potential of fibers to induce tumors in experimental
animals, intrapleural and intraperitoneal studies in rats have been shown to be the most
sensitivity of available test methods. Pott and Friedrichs, 1972 injected gypsum fibers
into the peritoneal cavities of rats in a long term (over two years) tumargenicity study.
They found that gypsum fibers were easily soluble in the peritoneal cavity and concluded
that the chemical composition of fibers was not responsible for the observed
carcinogenesis of other long/thin fibers. Rather, the degree of carcinogenic potency of a
fiber depended on the extent to which it retained its fibrous structure (Pott and

Friedrichs, 1972 as cited by Pott et al, 1984 and Pott et al, 1994).

Gypsum fibers exhibit a very low durability (low biopersistence) in the body and,
therefore, have little or no chance to exert deleterious effects on surrounding tissue
because they lose their fibrous structure very rapidly and dissolve into cellular fluids very
quickly. Pott, 1987 hypothesized a “durability threshold” — “The persistence of fibres in
the tissue is a very important property with regard to their carcinogenic effect because
the formulation of a tumor takes many years or some decades. It can be assumed a
fibre has to remain by the bronchial or serosa tissue until the induction of tumor cells

occurs.” {Pott, 1987).
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Long/thin gypsum fibers dissolve in lung or body fluids within minutes or hours, and do

not exhibit tumorgenicity potential.

Other Relevant Data

Tests for Mutagenicity

Gypsum was not mutagenic in the Ames test with or without activation (Bartmann, 1986;
Cremer et al, 1988; Simonen, 1991). The Ames mutagenicity test is simple to conduct
and easy to standardize. It is based on mutants of the bacteria Salmonella typhimurium
which are very suitable for recording gene mutations when a foreign substance such as
gypsum is applied to them. In the activated Ames test the mutants are incubated with S-
9 fraction of a rat liver homogenate recovered from animals that were previously treated
with polychlarinated biphenols (PCBs) which are strong inducers of liver enzymes. The
S-8 fraction is necessary for metabolic activation because some mutagenic or
carcinogenic substances are not especially toxic and would not be expected to activate
liver enzymes. Activated liver enzymes may change (metabolize) test substances into

forms or by products which are themselves mutagenic or carcinogenic.

Tests for Cell Toxicity

Mammalian macrophage and non-macrophage cell lines have been used to study the
effects of non-asbestiform dusts. Gypsum was inert with respect o three cell lines

(Chamberlain et al, 1982).
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The toxicity of biopersistent fibers is thought to include a number of processes at the
cellular level. The production of reactive oxygen and reactive nitrogen species (ROS
and RNS) are believed to be the most important ones. ROS and RNS c¢an be produced
by the prolonged activity of macrophages against durable fibers. ROS/RNS can cause
various kinds of damage to DNA. These altered DNA can be detected in the DNA of

human or animal cell lines when exposed o durable asbestos fibers.

Dopp et al., 2005 used V79-cells (Chinese hamster lung cells to show the cytotoxic (cell
toxicity) and genotoxic potential of asbestos-cement powder compared to that of
chrysotile (“positive” control) and untreated V79-cells. Gypsum was selected as the
‘negative” control (cells that were treated with a substance that is known not to have an
effect on the cells — a quality control check). At all dose levels (1, 5, 10 and 20
micrograms per square centimeter) and length of exposure (24, 48 and 72 hours)
gypsum did not induce micronuclei (DNA damage) formation. Gypsum was negligibly
cytotoxic (equal to the negligible cytotoxicity observed for untreated V79-cells) up to the
highest exposure level and did not have any effect on cell viability at longer exposure
times (48 and 72 hours). Additionally, gypsum did not enhance toxicity (additive effect)
when mixed with asbestos-containing cement dust and the mixture was applied to cells

(Dopp et. al, 2005).

Solubility Study in a Simulated Lung Fluid Environment

in 1987 USG Research completed work designed to investigate the retentions of
FRANKLIN FIBERS® and gypsum fibers in a simulated lung fluid environment. The
solubilities of FRANKLIN FIBERS®, H-30, and acicular gypsum (AG) were measured in

flowing (~ 2.5 mi/hr) Ringer's Injection solution or in flowing (~2.5 mi/hr} deionized water
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at 37 degrees F. The in vitro technique was similar to other methods (Forster, 1984 and
Scholze and Conrad, 1987) developed as screening tools for the prediction of in vivo

fiber durability.

Atomic absorption measurements were used to calculate percent dissolution of calcium
compounds after 6, 12, 24, 48, 120 and 168 hours and were confirmed by gravimetric
and visual checks. Calcium sulfate fibers dissolved readily in Ringer’s solution (half-time
of 29 hours) and water (half-time of 58 hours). After 168 hours almost all calcium sulfate
fibers were dissolved in the Ringer’s solution compared to 80% dissolved or calcium
sulfate fibers in the flowing water stream. (United States Gypsum Company Research

Center, 1987)

Relevant Health Requlations

Carcinogenicity

The universally recognized solubility and lack of tumorigenic potential of gypsum fibers is
recognized by European and German regulatory bodies. For example, the German
regulations TRGS 906-1 and TRGS 905 regulation (“Technical Rules for Hazardous
Materials,” Issue June 1997/Version November, 1997 and Appendix 1, “Third Regulation
in order to modify the Regulation on Hazardous Substances,” July 25, 1994) contain
language by which a fiber is exonerated as a carcinogen. Paragraph 4 [page 7 of the
translation] of the TRGS 905 document specifically notes that gypsum is not to be

considered carcinogenic:
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“(4) Under special circumstances, a classification different from Paragraphs 2
and 3 [ Category 2 or 3 classification] can take place if suitable data are
presented by the manufacturer of the fibers — for example:

- Data which prove a very low biostability (for example, comparable
with gypsum fibers) (emphasis is added);”

Paragraph 6 [page 8 of the translation attached] of the TRGS 905 document states:

“(6) Ali other inorganic types of WHO fibers are classified as Category 3, if the
animal experiment results under consideration (including data for biostability) are
not sufficient for a classification as Category 2. This concerns the following at
present:

- Halloysite

- Magnesium oxide sulfate

- Nemalite

- Sepiolite

- inorganic fibrous dusts, if not mentioned (with the exception of gypsum

fibers and wollastonite fibers).” (Emphasis is added)

The German TRGS 905 stipulates that WHO fibers* must have a half-life in rat lungs of
40 days or less in order not to falt under the TRGS 905 classification (see Appendix 1, p.
5 "Attachment V No. 7 Synthetic mineral fibers™) . Since gypsum fibers had a half-life in
rat lungs that was less than 24 hours in the subchronic inhalation study of Clouter et al

(1998) and in the Kushner and Wright, 1976 and Bartmann, 1988 infratracheal studies,

they do not fall under this regulation and are not considered tumorigenic.

* a WHO fiber is any particle that has a length greater than 5 micrometers, a fiber
diameter less than 3 micrometers and a length: diameter ration larger than 3:1. Such
fiber dimensions are thought to possess the highest potential for carcinogenicity.
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Other Health-Based Regulations

Table 2 lists workplace regulations for gypsum dusts. Gypsum is considered a nuisance

dust, not otherwise specified (NOS).

Table 2. Occupational Exposure Limits* for Calcium Sulfate in Various Countries

Country Exposure Limit {(mg/m°) Reference
Netherlands — Ministry of SZW
Social Affairs and 10 (total inhalable dust)
Employment
Germany
AGS 6 (respirable dust) TRG
DFG MAK — Commission 8 (respirable dust) DFG
Great Britain — HSE 10 (total inhalable Dust) HSE
4 (respirable dust)
USA
ACGIH (TLV) 10 (Particulate matter ACGIHa
containing no asbestos and
<1% crystalline silica)
OSHA (PEL) 15 (total inhalable dust) ACGIHb
5 {respirable dust)
NIOSH (REL, 10-hr TWA) 5 (respirable dust) ACGIHb

*8-hour Time Weighted Average unless otherwise specified

American Conference of Governmental Industrial Hygienists (ACGIH).

2002 TLVs and BEls. Threshold Limit Values for chemical substances
and physical agents. Biological Exposure Indices. Cincinnati OH:

American Conference of Governmental Industrial Hygienists (ACGIH).

Guide to occupational exposure values — 2002. Cincinnati, OH: ACGIH,

Health and Safety Executive (HSE). EH40/2002. Occupational exposure

Himits 2002. Sudbury (Suffolk), England: HSE Books, 2002: 19, 24.

Ministerie van Sociale Zaken en Werkgelegenheid (SZW). Nationale

MAC-lijst 2002. The Hague, the Netherlands: Sdu, Uitgeverij, 1990: 34,

ACGIHa

ACGIH, Inc, 2002.
ACGIHDb

Inc. 2002.
MSE
SZW

43 (Report # RA9/90).
TRGS 900

Gefahrstoffe. BarbBi 2000; 2.

Grenzwerte in der Luft am Arbeitsplatz; Technische Regein fur
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Submitted to: DHEW/Public Health Service - Date Nevember 5, 1973

Food and Drug Administration CA-272
5600 Fishers Lane-Room 30=13 .
Bockville, Maryland 20852 Laboratory No. 1765 m
: Contract No. FDA 71-240

Sample: Fine white powdered material

Maﬁking; - FDA 71-86 (Calcium sulfate)

Examination Requested: Teratologic evaluation of Foa 71-86 in mice,

Procedure: SeeIAppendix I
' Results: See Tables 1 through 4 and Appendix II

Conclusion:

On the basis of the data presented herein, the following
conclusion appears to be warranted:

"The administration of up to 1600 mg/ kg (body weight) of the test
material to pregnant mice for 10 consecutive days had no clearly dis-
cernible effect on nidation or on maternal or fetal survival. The
number of abnormalities seen in either =zof: or skeletal tissues of the

test groups did not differ from the number occurring spontanecusly in
the sham-treated controls,” ‘

FOOR and DRUG RESEARCH LABORATORIES, INC.

th Morgax
Vice President



St =i

e

Teratoiogic Evaluation of Calcium Sulfate

BIBLIGGRAPHIC DATA |1 Repon No ra 3. Recipieat’s Accession No,
SHEEY FDABE-GRAS. 245 ’ ! i J
4, Tale anc Dubtitle v . ¥

5 ':"u:;:om.;’.' 't).:—tt
Februarv 13974

LR

7. Aumharis}

& ﬁer!crm‘mg Crpanization Repr,
o

9. Petlsrming Organization Name and Address
Food and Urug Research Ladoratories, Iac.
Raute 17 {2, 0. Bex 157}
Waverly, NB.¥Y. 14897

L Froject/ Taak/Work Uzit No.

11 Contrace/Graar Ne.

FpA 71-280

12 Sponsoring Organization Nawe and Address
U. 5. Food and Drug Administration
200 "C* Street, S.W.
Washington, N.C. 20004

13 Type of Repor: & Perind
Cover

Firal

4.

15, Suppiementery Notes

16, Absurscee

and rabbits).

Teratoiogical test resulis in three(3) snecies of

animals (mice, rats,

17. Key Words snd Document Armbysig, oo Deseriprars

17b. Identifiers /Opes-Ended Terms

e COSATI Field/Gromp

8. Avatlability Sratement y 19 gecs::i:y Cings {This ;ZL No, of Peres
] ) - P
. — AL ASSIFIED
Ralease unlimited 1< 20 Becurty Class (Thi
%WLASS}FEED

‘ORM MTIRAT LREY, 3-735

R T TS IET §

ERCONMGL DL




[P

WiEY I® PIUTUEXS Bwep 11T S3PRTDUT (q

(3ybten £poq Jo 6y Jod [ @T) UOTINTOS IBIEM ¢ SE DPOIDICTUTUPY y

by/bu 0'0gT ! TOXRIWOD BATITBOL 4
ze 34 £ ’ 413 0" 0091t 9914 Waa are
vz o §2 vz 5z 0°spe 98~1( vaa cre

v
- . )
[4:4 |24 iz . 1 k4 [ T4 g8-1¢ vz PYE
2 8¢ ) 44 . azr 0" a1 98~1L YGd £vE
61 52 6t sz 0*0sT SMFITdSY zvs
F 44 : gz FA4 5¢ 2 ¢ weys 1v€e
Iuvubaag te303 auvubaxyg " peien By /bu
WAV 3v DUTATAING ) CTRIOL oy FECG T2TIRY RN dunoigy

{ BITH )
Azxuwung anw g

WGl ! CTON huuwﬂkoanﬂ
T sTqes

9~-TL ¥0d ¢ Yeya9leRr

XS QA (o ] te3eq
tONT -mﬂﬂﬁﬂbﬂﬁﬁﬂﬂﬂx&.ﬂwwﬁﬁ 5080 aRyY 9004

S¥L WOROIGT IVE

@

tudnoxn



By/ba 0051
"Wre) Je peuyuexe swep ooyl AjUe DIPRTOUY

ITOXJUOD CATITHOG 4y

88’0 16°0 L8%0 98°0 L8°0 68'0 B yybyapy smyng ebereay
— - - — —— - pesp Ti{e® 3Ud0 18g
9'¢T {1y 9'ET &0"6 - k1 £0°6 prep Tepaxed Jues xeg
- — — - — —-— pRBP 1TV YiTe fweqg
£ 1 t z 9 z pesp prow xo 1 \atm sweg
£ T £ £ 8 £ _ - #TEGOL
525N137 ped
201 ¥6'0 o1 060 Lot 911 {#/m) orjex xog
¥11 1791 e 9" 11 81y y ot saEp/abraaay
LiT14 £z a9z 344 44 622 *oN Te3olL
BaSnyo g SAYT
[ -~ [ hd - - ¥ suoridzosax 2301dwon Jusd xog
8¢ g LE 60°6 A 14 £°92 Lz suorgdrosea Teyzaed jusd Jeg
i1 - 1 - — 1 PRYIOSDE BHITH TIV YATH sSumq v
L 6 < 4 g 9 PRYICEDI SHITE BIOW XO T YiTe sureq o
T 1z zT s 8 61 #"OH eI}
suoT1dI050y
11 A | 6*Z1 o'zt 9"zZ1 . ¥ 11 LUED/OBeIAY
L9z 592 - £8% £az oy 158 - *ON 1v30)
, se315 auepdur
1z vz 17 zz 61 7 **ON TTIOL
ﬁkwvﬁﬂ.ﬂ BayT
zz T4 44 44 51 zz {11 Aeq uo) wxe3 oy
I 0 ) 0 0 0 { L1 4vg exojoy) pajaoqy Fo potd
¥4 vz A Iz 61 44 ToN TRIOL
sayoueubary
0°0091 6'SYE CE'WL 09T  wsUTITdey weys t (Ey/Bw) esog
173 GHE . PYE 1374 424 1P€ ooy
{ POt 3
WEOIT o Kioaeaoqe eyeq uoTIonpoxdey 9B~1L Y04 TRTIOIRH

TI6T 75 545350 1e3eg

9p¢ yPROIGR Tpf rdnoxn

*ONI .mmgoaéoaqﬂ_\,‘ﬁmma oMo Gy 000a .
’ S



b

F——

T

- Material 71-ge

POOD AND DRIG RESEARCH LABORATORIES,

Groups 341 throush 346

Table 3

' o
Summary of Skeletal Findingsg*
}

" Mice

INC.

Labc:ata:y Ne. 1765 m

ate

October 5, 1572

341
Shan

Group No. s

Findings
{mg/kg):

Dose

342
Aspizinvs

343 344
16.0 74.3

345 346
345.0 i60e.¢0

 Live Fetuses Exanined

{at term) .

Sternebras
Incomplete osg,
Scrambled
Bipartite
Funed
Extra
Missing
Qther

li/9

8/7

Ribs
Incomplete oss.
Pused/split
Wavy
Less thanp 132
More than 13
Qther

Vertebrae
Incomplete oss,
Scrambled -
Fused
Extra ctrs.,
Scoliosis
Tail defects
Other

Skull
Incomplates closure
Miesing
Craniostosis
Other; facial bones, inc. i/1

Extremities
Incomplete aszs, n
Migsing
Extra

3/3

088,

1/1

Miscellaneous
‘Byold; missing
Byoid: reduced

158721

25/16

41/14

23/14
Z3/13

180/19

8/10
3/7

i1/8

30/12

/1

71

23/11
4/4

TR wezry /24 1737

30/12
/1
ig/8

34710 1477 21714

/1

2/8 8/7

/1

/13 45/6 1977 9/

44/17 42/15 34/16 53/19

777 /1 6/3 2/1

1 i i1

4/4 271 i1

32/12
25714

31714
16/11

42/14
14/11

30/12
21/14

* Numerator=Humber of fetuse

*t Pogsitive control : 15¢.0

5 affected;

®g /Ky

Dencminator=Numbar of liteers
5< affected.
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. FOOD AND DRUG RESEARCH LABORATORIES, IRC.

Sroups 341 through 346 Date  October 5, 1973
Material _pna 71-88 Table >a Labozratory No. 1765 a
Summary of Soft Tissue Abnormalities
{Mice)
Sroup Material Dose Level Dam Number of Description
ng/kg ~ Pups
342 Asplrin® 150.0 A 6102 1 Gastroschisis

*Pesitive Control: 150.0 mg/ky

Hi<
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Appendix I

Teratology Study in Mice

virgin adult female albino CD-1 outbred mice werxe gang-
housed in disposable plastic cages in temperature and humidity-
controlled guarters with free access to food agﬁ fresh tap water,
They were mated with young adult males, and observation of the
vaginal sperm plug was cenéidered nai ¢ of gestation. Beginning
on Day 6 and continuing daily through Day 15 of gestation, the
females were dosed with the indicated dosages by oral intubation;
the cont;ols were sham treated.

Budy weights were recorded on Days 0, 6, 11, 15, and 17 of
gestation. All animals were observed daily for appearance and
behavior with particular attention to fobd consumption and weight,
in order to rule out any abnormalities which may have occurred as a
result of anorexic effects in the pregnant female animal.

Cn Day 17 2ll dams were subiected to Caesarean section under
surgical aznesthesia, and the numbers of implantation sites,

regorpticn sites, and live and dead fetuses were recorded. The body

- weights of the live pups were also recorded. The urcgenital tract

of each dam was examined in detail for anatomical normality.

All fetuses were examined grossly for the presence of external
congenital abnormalities. One~third of the fetuses of each litter
underwent detailed visceral examinations employing the Wilson
technique. The remaining two~thirds were cleared in potasgium
hydroxide {RCH), stained with alizarin red 5 dye and examined for

skeletal defects. B<
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L FOOD JAND DRUG |
o | LABORATORIES, INC. wAvERLY ivigice

REBQRT . P, ot 107
. Wararty, New York 14832
1607} 65001
Submitted to: DHEW/Public Health Service - Date November 5, 1873

Food and Drug Administration CA-272
5600 Pishers Lane-Room 5C-13
Rockville, Maryland 20852 labozatory No. 1766 m
_ : Contract No. FDA 71-260

 Sample: Fine white powdered material

Marking: FDA 71-86 (Calcium sulfate}

Examination Requested: Teratologic svaluation of FIA 71-E85 in rats

Procedure: See Appendix I
esult.s: See Tables 1 through 4 and Appendix II
Conclusion:

On the basis of the data presented herein, the following
conclusion appears to be warranted:

"The administration of up to 1600 mg/kg {body weight) of the test
material to pregrnant rats for 10 consscutive days had no clearly dise
cernible effect on nidation or on maternal or fetal survival. The
number of abnormalities seen in either soft or skeletal tissues of the

test groups did not differ from the number o¢ourring spontaneously in
the sham-trezted controls.”

FOOD and DRUG RESEARCH LABORATORIES, INC.

® Kot rgarsidse

Kenneth Morgareidde, BR.D.
Vice President
i5<
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"?005 ARD DRIG RESEARCH LABORATORIES, INC.

Groups__ 34] throuch 346

Material rpa 71-86 Date
Summary of Skeletal Findings®
{ Rats i

Laboratory No. 1766 m

Table 3
Ockober 5, 1373

Group No, : 341 342 343 344 145 348
Firdings
Lose (mg/kg}l: Sham Aspirin** 16.0 74.3 345.0 1800.0
‘Live Fetuses Examined 181/25 120/18 155721 188733 173/23 160/21
{at term)
Sternebrae :
Incomplete oss, B86/22 44715 37/14 32/12 56/18 23/11
Baramblad
Bipartite 1/1 2/2 i/ 3/3 /1
Fused
Extra )
Mixsing 34717 103718 16/8 5/4 28,13 /5
Gther
Bibs
‘ Incomplete osy. 15/9 171
Fused/split
Wavy 22/10 41716 14/9 21/10 21711 28/12 -
a Less than 12 /1
#ore than 13 95/17 1 3/3 5/2
COther .
Vertebrae
Incomplete oss. 24/14 76/18 1779 8/6 30/13 1377
S¢rambled
FPused
Extra ctrs. ©s5s.
Scolissis /1
Tail defects
Other ; gpina bifida . 143
Skull
Incomplete clusure 36/13 54/17 20/9 28/14 52/17 28/132
Missing 2/2
Craniogtosis
CGther
Extremities
Incomplete oss. 3/3
Missing
Extra
Miscellaneous
Hyoids misging 26/14 871717 18/9 i5/8 15/8 12/7
o Byoid; reduced 17/12 8/4 12/6 13/8 23/10 127

* Numeratorz=Kumber of fetuses affected: Denominator=Number of litters

** positive control: 250.0 ny/ kg

i8<

affected,



. FOOD AND DRUGC RESEARCH LABOFATORXIES, INC.

Groups, 2431 -through 346 Pate_ october §, 1973
Material ¥pA 71-88% 7able 3-a Laboratory No. 1766 m
Summary of Soft Tissue Abnormzlities
{Rata}
Group Material Pose Level Dam Humber of Description
mg/kg ' Pups
342 Aspirin® 2500 A 7088 1 Meningoencephalocele
A To93 3 Encephalomyelocele;
urbllizal hernia
-1 BEydrocephalus;
exophthalmos;
| gastroschisig
a _ _ ) A 07 1 Meningoencephalocele;
S ' - umbilical hernia
343 DA 7i~86 16.0 ¥ 6608 1 Umbilical harnia
344 FoA 7186 74.3 M 6031 1 Unmbilical hernia
345 EDA, 71-36 345.0 M 6079 1 7 Unkilical hernia
*Positive Control: 250.0 mg/kg 49«

®
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N Y appendix I

Teratology Study in Rats

Virgin adult female albino rata (wiétar derived stock) were
individually housed in mesh bottom cages in temperature and humidicy~
controlled éuarters with free access to foud and fresh tap water.

They were mated with young adult males, and observation of the vaqinal
Qperm plug was gonsidered Day 0 of gestation, -Beqinninq on Day 6

and continuing daily through Day 15 of gestation, the females were
dosed with the indicated dosages by érai intubations. The controls
were sham treated‘with the vehicle at a level equivalent to the group
receiving'tﬁe highest test dose.  The test‘material was preparéd

and doses calculated according to the following table:

Desage Dose Concentration
- (mg/kg) {ml/kg] {mg/mL)
£ 250 S | o= as0
251 - $00 2 125 -~ 250
501 - 750 3 133 - 250
751 - 1000 4 187 - 250
1001 - 1250 5 200 - 250
1251 - 1500 6 208 - 250
1501 - 1600 6.4 235 - 250

Body #eights were recorded on Days 0, 6, 11, 15, and 20 of
gestation. All aﬁimals were obhserved daily for appearance and be-
havior with particular attention to food consumption and weight, in
order to rule out any abnormalities which may have ocourred as a
result of anorexic effects in the pregnant female animal.

On Day 20 all dams were sudbiected to Caesarean section under

surgical anesthesia, and the numbers of implantation sites, resorption

"sites, and live and dead fetuses were recorded. The bedy weights of

<




Nebiadad

[y

the live pups were also recorded. The urogenital tract of each dam
was examined in detail for anatomical nar&aiity.‘ .
Kll fetuses were examined grossly for the pregsence of external

congenital abnormalities. Cne~third of the fetuses of each litter

- underwent detailed visceral examinations employing the Wilson

technique. The remaining two-thirds weré cleared in potassium
hydroxide (KOH), stained with alizarin red § dye and examined for

skeletal defegcts.
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- Ry ol AND DRUG ,
. : edeairess LABORATORIES, INC. WAVERLY DivisioN

Rows 17

FINAL 20. am;‘m s
Y, Fork 2
R E P o R T 2] B;;«?Q:T
Submitted to: DHEW/Public Health Service Date 'February 19, 1974

Food and Drug Administration CA-272

5608 Fishers Lame-Room 50-13

Rockville, Maryland 20852 Laboratory No., 1767 m
Contract No. FDA 71-2468

Sample: Fine white powdered material

Marking: FDA 71-86 {(Caleium sulfate)

Examination Requested: Teratologic evaluation of FDA 71-86 in rabbits

Procedure: (See Appendix I)
Qesults: See Tables 1 through 4 ang Appendix II

Conclusion:

On the baszis of the data presented herein, the following
conclusion appears to be warranted:

"The administration of WD to 1600 mg/kg {body weight) of the test
material te pregnmant rabbite for 13 ceonssecutive days had no clearly
discernible effect on nidation or on maternal or feral gurvival. The
number of abnormalities seen in either soft or skeletal tissues of the
test groups did not differ from the number ¢ocurring spontanecusiy in
the sham~treated contrels.”

FOOD and DRUG RESEARCH LABORATCRIES, INC.

Kenneth ¥or
- Dirggtcr

g;r%7age, P“gﬁ.
2Q< :
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FOOD AND DRIG RESEARCE LABORATORIES, INC.

Groups 341 through 346 Labeoratery HNeo. 1767 m
- Table 3
Material ¥pa 71-86 Date January 18, 1874
Summary of Skeletal Findings*
( Rabbits )

Group No. : 341 342 343 344 345 346

Findings . )
Dose {mg/kgl: Sham GmANRKF 16.0 74.3 345.0 1800.0

@

Live Petuses Examined 65712 537108  858/11 63/13 59/%0 58/10
{at term}

Sternebrae
Incomplete 05S. : 2/1
Scrambled .
Bipartite /1 /1
Fused /1 i/l
Extra
Missing
Other

Ribs
Incomplete oss,
Fused/split /3
wavy
Less than 12
More than 132
Cthey

Vertebrae
Incomplete ©ss.
Scrambled 5/1
Ffused
Bxtra ctrs. oss,
Seoliosis /1
Tail defects 1073 /1
Qther

Skull
Incomplete closzure 1/
Missing
Craniostosis 2/3
Other

Extremities
Inconplete ©sSs. §/1
Missing
Extra

Miscellanecus

- 2L<

* NumeratorzNumber of fetuses affected; Denominator=Number of litters

2%t Poagitive contrel : 2.3 ng kg of S-aminonicotinamide &Qsedaénf%g§%d'

- L -— "



¥OOD AND DRUG FESEARCH LABURATORIES, INC.

Groups 341 through 348 Date January 18, 1974

Material Fpa 71-86

) Laboratory No. 17867 m
Table 3~a T———

Summary of Soft Tissue Abnormalities

{Rabbits)
Group Material Dose Level Dam Kumber of Description
g SRy Pups
342 GupNT 2.5 z 7640 2 Medial rotation of hind
Jimbs
343 oA Ti-86 16.¢ M 7081 1 Fetal monster
33< -

*Positive Control:

2.5 mg/kg of E-smincnicotinanide dosed on Day 2
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Appendix I

Teratology Study in Rabbits

Virgin, adult, Dutch-belted female rabbits were individually
housed in mesh bottom cages in temperatufe and humidity-controlled
gquarters wiih free access to food and fresh tap water. On Day 0,
each doe was given an injection of 0.4 ml of human cherionic gonado-
tropin (400 IU) via the marginal ear vein. Three hours later, each
doe was inseminated artificially with 0.3 ml of diluted semen from
a proven donor buck using approximately 20 x 166 motile sperm accord-
ing to the procedure described by Vogin et al {Pharmacologist 1l,

282 {1969)). Beginning on Day & and continuing daily through Day 18

the females were dosed with the indicated dosages by oral intubation,
The controls were sham treated with the vehicle at a level eguivalent
to the group receiving the hichest test dose, The test material

was prepared and doses calgulated according to the following table:

Dosage Dose Concentration
(mg/ke) {ml/kg) {mg/ml)
£ 250 1 % 250
251 - 500 2 125 - 250
50L - 750 3 133 - 250
751 - 1000 4 187 - 250
1001 ~ 1250 5 200 ~ 250
1251 - 1500 5 208 - 250
1501 ~ L1600 6. 4 235 - 250

Body welghts were recorded on Days 0, 6, 12, 18, and 2% of
gestation, All animals were observed daily for appearance and be-
havior, with particuylar attention to food consumgtion and body weight
in crder to iule cut any abnermalities which maﬁ have occurred as

a result of anorexic effects in the pregnant female animal,

.35«




On Day 29 all does were subjected to Caesarean section under
surgical anesthesia, &nd the numbers of corpera lutea, implantation
sites, resorption sites and live and dead fetuses were recorded.
Body weights of the live pups were also recorded, The urcgenital
tract of each animal was examined in detail for normality, In
addition all fetuyses underwent a detailed gross examination foz'
the presence of external congenital abnormalities, The live fetuses
of each litter were then placed in an incubator for 24 hours for
the evaluation of neonatal survival, All surviving pups were
sacrificed, and all pups examined for visceral abnormalities (by
disgection}. All fetuses were then cleared in potassium hydroxide
{KCH}, stained with alizarin red 5 dye and examined for skeletal

defects.

36<
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Attachment C
Medical Applications

The NTP has removed copyrighted material (reprinted journal article) from this file:

Turner TM, Urban RM, Gitelis S, Kuo KN, Andersson GB. Radiographic and histologic
assessment of calcium sulfate in experimental animal models and clinical use as a resorbable
bone-graft substitute, a bone-graft expander, and a method for local antibiotic delivery. One
institution's experience. J Bone Joint Surg Am. 2001;83-A Suppl 2(Pt 1):8-18. PMID:
11685848.
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26-WEEK INTRATRACHEAL TOXICITY STUDY IN RATS
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SPONSOR: Franklin Rey, Inc. DATE: July 26, 1974

MATERIAL: Calcium Sulphate Anhydrite Whisker Fibers

SUBJECT: FINAL REPORT

26~Week Intratracheal Toxicity Study in Rats
Project No. 863-100

SUMMARY

One hundred fifty male albino rats were divided into six groups
of 25 rats each. Group No. 1 served as a vehicle control and received sterile
physiologic saline at a volume equal to all other groups, Groups No., 2 and No. 3
served as negative control (10 ml. graphite in saline) and positive control
(10 mg, quartz in saline), respectively, Groups No. 4, No, 5, and Wo. 6 received the
test material, caleium sulphate anhydrite whisker fibers in saline, at levels
of 0.1 mg., 1.0 mg., and 10.Q ml., respectively. The compound was administered
by intratracheal instillation in a single dose.

Criteria evaluated for compound effect were physicai appearance,
behavior, growth, survival, lung weights, and gross and microscopic pathology.

Interim sacrifices of five animals per group were conducted at
intervals of 24 hours, one week, four weeks, and 13 weeks. The study was
terminated at 26 weeks,

Treatment of test rats at dosage levels of 0,1 mg, and 1.0 mg.
and subsequent observation for 26 weeks failed to elicit any biologically

meaningful signs of compound-induced systemic toxicity, Observation and

8200 LEESBURG TURNPIKE * VIENNA, VIRGINIA 22180 o TELEPHONE (703) 893-5400



L3

: @ HAZLETON LABORATORIES, INC.

£

x

L -2 -
examination of animals at these dosage levels according to the previously
mentioned criteria revealed findings comparable with those of the vehicle and
negative control animals,

Animals at the highest test level (10 mg.) displayed a statistically
significant suppression of body weights in comparison to the vehicle and
negative controls. In addition, lung weights and lung/body weight ratios for
these animals were significautly elevated at Week 1. Microscopic evaluation
of lung sections from these animals at Week 1 revealed a slightly wore marked
inflammatory reaction in this group tham in the other test groups. This was
not considered a compound effect but may have been a reaction due to a bacterial
infection secondary to the stress produced by the intratracheal instillation
of the material. A side effect of this reaction may have been the suppression
of body weight by means of a suppressed food consumption; however, food
consumption was not monitored and therefore the exact biological significance
of the suppressed.body weights for these animals is uncertain.

Animals treated with the positive control (quartz) revealed a higher
incidence of grossly observable signs throughout the final six weeks of the
study. Gross necropsy findings at 13 weeks and termination for these animals
included nodules in the lungs and enlargement of the thymus and peribronchial
lymph nodes. Microscopic evaluation of these tissues revealed the presence of
numerous silicotic nodules in the lungs and peribronchial lymph nodes at Week 4.
These conditions persisted until termination along with similar nodules in the
thymus sections at 13 and 26 weeks,

During the course of the study a single animal of the vehicle control

“~group was found dead,
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INTRODUCTION

The purpose of this study is to identify, evaluate, and characterize
the effects of a single intratracheal instillation of calcium sulphate anhydrite
whisker fibers in male albino rats. The animals were treated on November 29, 1973

observed for 26 weeks, and terminated on May 30, 1974.

MATERIAL

Test Compound

Identification; Calcium Sulphate Anhydrite Whisker Fibers.
Description; Fine white fibers.
Receipt Date: October 17, 1973 from Franklin Key Inc.

Purity: Used as received.

Reference Compounds

Identification:.sraphita Powder (Acheson No, 38).

Description: A fine black powder.

Receipt.Daie: October 26, 1973 from Fisher Scientific Company.
Purity: Used as received.

tdentification: Min-U-Sil (5 microns).

Description: A fine white powder.

Receipt Date: October 26, 1973 from Pennsylvania Glass Sand Corporation.

- Purity: Used as recelved.
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METBODS

Experimental Animals

Species: One hundred fifty male Charles River, cesarean-derived
albino rats,

Weight Range (At Initiation): From 253 to 300 grams,

Housing: Individually in elevated wire mesh cages.

Basal Diet: All énimals received a diet of Purina Laboratory Rat
Chow anduwater ad libitum.

Method of Grouping: Stratified randomization by body weight; animals
were placed into six groups taking into account the difference in
body weight so that a homogeﬁeous distribution of weights was

obtained between groups.

Group and Dosage Levels

-

Group No. ' No. of Animals Dosage Level
*
25 ‘ 0
*k
2 25 10 mg graphite
3d 25 10 mg quartz
25 0.1 mg
25 1.0 mg
25 10.0 ng

%
Group No. 1 served as a vehicle control and received the vehicle
only (physiologic saline) at a volume equal te all other groups.

kk
Group No. 2 served as a negative control and received graphite at a

dosage level equal to the high level test animals.

é

‘< Group No. 3 served as a positive control and received quartz at a dosage

level equal to the high level test animals.
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Compound Preparation

The test material was prepared as a suspension in sterile physiologic
saline in concentrations of 0.1 mg/0.5 ml, 1.0 mg/0.5 ml, and 10.0 ng/0.5 ml
and administered to Groups No. 4, No. 5, and No. 6, respectively, The negative
control (graphite) and the positive control (quartz) were prepared at a con~
centration of 10,0 mg/0.5 ml and were administered to Groups No. 2 and No. 3,

respectively. Group No, 1 served as a vehicle control and received the vehicle

only {physiologic saline) at a volume equal to all other groups.

Administration of Test Material

The suspensions were administered by intratracheal instillation at
the specified concentrations in a single dose. Dosage volume was equal in

all control and test animals,

Observations and Records

Animals were observed daily for mortality, appearance, behavior, and
signs of toxic or phérmacologic effects.
Individual body weights were recorded initially, at weekly intervals

thereafter, and prior to sacrificing or upon death,

Necropsies

Necropsies were performed and gross necropsy observations were
recorded on the single animal which died and on each animal sacrificed,
Animals were sacrificed by exsanguination under sodium pentobarbital

anesthesia,
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Interim Sacrifice' Five male animals randomly chosen from each group

-6 -

were sacrificed at the following intervals; 24 hours, one week,
four weeks, and 13 weeks.

Terminal Sacrifice: After six months all surviving animals of all
groups were sacrificed.

Tissues -Preserved From Each Rat: Lungs, tracheobronchial lymph nodes,
spleen, kidney, liver, and any unusual lesions or tissue masses,

Fixative: 10% neutral buffered formalin.

Organ Weight For Each Sacrificed Rat: Lungs.

Tissues Examined Microscopically: A1l preserved tissues from all groups.

Statistical Evaluation

Criteria: Growth analysis, survival analysis, terminal body weights,
lung weights, and lung/body weight ratios.

Methods: Analysis of variance, or F-test (5% probability level) and
prelimi;ary tests (where applicable) by methods of Rao, Bartlett,
Scheffe, and Fisher-Behrens (modified t-test).

References: Ostle, B., Statistics in ﬁesearch, Iowa State College Press,
Ames, Towa, 1956; Rao, C.R., Biometrics 14, 1, 1958; Snedecor, G.W.,

Statistical Methods, Towa State College Press, Ames, Towa, 1956

Wilfred J. Dixon and Frank J. Massey Jr., Introduction to Statistical

Analysis, 123-124, McGraw Hill, 1957.
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RESULTS

Appearance and Behavior

Throughout the six month period of observation there were no
biologically significant signs of compound-induced systemic tcxicité observed
among the animals treated with calcium sulphate anhydrite whisker fibers
at any of the three dosage levels, Gross physical observations for these
animals consisted of commonly observed incidental signs such as hunched
appearance, sores particularly on the tail and other parts of the body,
localized. alopecia on extremities and body, stains on the fur coat, urine
stains on the abdominal fur, and soft feces. These signs occurred at a
comparable incidence, at a given point in time, among test groups and the
vehicle agd negative control groups. Therefore, all test groups are
considered to have displayed a pattern of appearance and behavior comparable
to the vehicle and negative control groups. |

Positivé cpntrol animals generally displayed patterns of appearance
and behavior comparable to other control groups throughout Week 20. However,
during the latter stages of the study the iﬁcidence of grossly observable
signs among this group slightly exceeded that for other control groups
iﬁcluding signs associated with respiratory function, such as wheezing and
labored respiration.

During the course of the study a single vehicle control animal
(No. 16139) was found dead. Death occurred during Week 22 with no grossly
observable premorbid signs and was not considered to be a result of the

treatment program.

.
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Figure No. 1 ~ Terminal Survival Data

Mean Time to

Percent Survival and Occurence of Death

Group No. Standard Error in Days
1(vehicle) . 80.0 £ 17.9 ‘176.4
2 (negative) 100.0 £ 0.0 -
3 (positive) 100.0 + 0.0 ‘ -

P | 100.0 + 0.0 -

5 100.0 £+ 0.0 -

6 ) 100.0 £ 0.0 -

Growth

Group mean body weights, standard deviations, and survival data are
presented in appended Table No. 1.

Group mean body weights for selected intervals are also shown in
the figure belgw.

‘Figure No. 2 - Group Mean Body Weights
at Selected Intervals

-

. Group No.
Interval 1 .2 } 3 4 5 )
weeks _
1 330 330 336 331 335 327
3 381 380 379 380 384 375
5 429 419 425 425 424 400
B 475 467 463 469 474 453
16 549 531 509 542 538 465

26 613 584 551 592 583 524

Statistical analysis of the growth rate, based on the above intervals,
by the Chi-square method and the modified t-test (5% probability level) revealed

.a statistically significant body weight supression in the high level test group

|
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when compared to the vehicle and negative control groups, The biological
significance of this finding is impossible to ascertain due to a.number of
factors.,

First, food consumption was not monitored and therefore the
efficiency of food utilization (weight gained/food consumed) could not be
determined and used as a criterion in evaluation of growth rate.

Secondly, evaluation of initial body weight data for all animal
groups revealed a somewhat wide body weight range for Group No. 6 animals
at initiation. Initial group mean body weights and standard deviations are
listed below,

Figure No. 3 - Initial Group Mean Body Weights
and Standard Deviations

» Initial Mean Standard
Group Body Weight Deviation
1 272 7.0
2 272 : 7.7
5 273 7.8
4 273 8.4
5 274 . 7.8
6 273 18.6

Distribution of body weights for Group No. 6 animals at initiation
" was such that at all interim sacrifices those animals sacrificed exceeded in
body weight by at least 3% those surviving. This was not a factor in the

remaining five groups,
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Mean body weights for the remaining test group$rremained comparable
with, or in some instaﬁceé, exceeded that of the negative contr&l group
throughout the course of the §tudy.

Mean body weights for positive control animals were comparable
to the negative control group throughout Week 15. During the final 11 weeks
of the study, mean body weights for this group were consistently lower than
all other groups (excluding Group No. 6); however, not to a degree of statisti-
cal significance at a 5% probability level.

Mean body weights for vehicle control animals throughout Week 9
were comparable to the negative control group; however, during the final
17 weeks mean body weights for tﬁis group were slightly higher than those

for the negative control group.

Gross Necropsy Findings

Evaluation of gross necropsy data on sacrificed test animals at
a2ll intervals did.no; reveal any counsistent alterations in any tissue or
organ at any level which could be attributed to the administration of the
test material.' In general, findings consisfed of iﬁcidental alterations and
occurred at a comparable incidence among the test groups and the vehicle
control groups. Gross alterations Iincluded red areas in the lobes of the
lung, pale or red tinged livers, and kidneys with red outer medullas.

Negative control animals revealed dark gray areas of particulate
matter in the lungs {presumably the injected graphite) at intervals of

24 hours, one week, and four weeks but the latter was not apparent grossly

at the 13 and 26 week intervals.

“
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Necropsy findings for the positive control anipals were generally
comparable to other contrél and test groups at intervals of 24 Qours, one
week, and four weeks. At 13 weeks small gray noduleé were found in the lungs
of one animal and two additional animals displayed a thickening of the thymus.
These conditions were also noted at Week 26 along with enlargement of the

peribronchial lymph nodes.

Organ Weights

Group mean body weights, lung weights, and lung/body weight ratios
for intervals of 24 hours, one, four, ané 13 weeks, as well as for terminatiom,
are presented in appended Table No. 2. Statistical analysis of thgse data
revealed a significantly elevated mean lung weight and lung/body weight ratio
at Week 1 for Group No. 6 animals when compared to the vehicle and negative
controls. In addition, at termination, Group No. 5 animals showed significantly
elevated lung/body weight ratios in comparison to the vehicle and negative
control groups. éﬁwever, these significant changes did not show a trend
consistent with a compound-related effect since there were no histomorphological
alterations of the lungs coﬁparablé to those found in the lungs of the positive

control animals.

Microscopic Pathology

24 Hour Sacrifice:
Lung sections from all groups showed a pleocellular inflammatory
response around the terminal bronchicles and occasionally extending into the

lumen. The inflammatory cells were principally neutrophils with occasional
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macrophages and plasma cells. The vehicle control (Gxou? No. 1) rats had
minimal to slight reactions. One rat had no reaction at all, fhe responses
in all three test groups were similar to each other and were comparable to the
reaction in the Group No. 1 rats,

The responses occurring in rats of Groups No. 2 and No. 3 were more
severe and appeared to be related to the amount of material (graphite or quartz)
present. Considerable amounts of these materials were seen in the bronchiolar
epithelium and the surtrounding tissues in three rats from each of these two
groups. In two of the Group No. 2 rats which had no graphite evident, one
rat had no reaction while the other had a very minimal reaction. Two of the
Group No. 3 rats had only very small deposits of quartz and only a minimal
iﬁflammatory response,

The lung sections also revealed slight peribronchial lymphoid
hyperplasia in the lungs of all rats. There were also areas of agonal
hé;orrhage and artifactual lung collapse in many of the sections.

Liver sections in both control and treated groups contained a few
areas of minimal nonsuppurative pericholangitis. There‘was also a scattered
incidence of microgranulomas. Kidney sections in some rats in all groups
revealed a minimal interstitial nephritis. One Group No. 6 rat also had

calcareous bodies at the corticomedullary junction of the kidneys.

One Week Sacrifice:

Lung sections from one Group No. 1 rat and from several of the rats
in each of the other groups revealed a perivascular inflammatory reaction

consisting mainly of a neutrophilic response with a few lymphocytes. In

RS
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addition, there was a focal pneumonitis consisting of accumulations of
polymorphonuclear cells, macrophages, lymphocytes, and occasional plasma

cells in approximately half the rats in each group except the vehicle control
group. The reaction appeared to be most severe in the graphite control group
and, in many instancés, appeared to have a more granulomatous component consis-
ting of more macrophages, activated septal cells and lymphocytes. However,

In both the quartz and graphite groups, the cellular reaction appeared to be
completely unrelated té the areas of particulate matter deposition.

The smaller quartz crystals and graphite particles were engulfed by
alveolar macrophages and the larger particles were completely surrounded by
clumps of macrophages. In the case of the quartz crystals, many of thé
macrophages had a foamy appearance. A few of the Group No. 1 and treated
rats also had focal collections of foamy alveolar macrophages.

The focal pneumonitis did not appear to be related to the particulate
matter present and in contrast to the lung sections at 24 hours, was not located
around the terminal bronchioles. The reaction observed in the high dose treated
group was more marked than that observed in- the two lower doses. But was
comparable to the reaction in the Group No. 1 rat. The reaction observed may
be due to a bacterial infection secondary to the stress prodﬁced by the
intratracheal instillation of the material.

The lung sections also revealed slight to moderate peribronchial and
peiivaséular lymphoid hyperplasia in many of the rats. There were also areas

of agonal hemorrhage and artifactual lung collapse.
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Liver sectlons in both control and treated groups contained a few
areas of minimal nonsuppufative pericholangitis and there was a scattered
incidence of microgranulomas. One Group No. 3 rat had focal areas of vacuola~
tion in the liver parenchyma and one Group No. 6 rat had a focal hepatitis in
the subcapsular area.

Kidney sections in several rats in all groups revealed a minimal
interstitial nephritis. One Group No. 2 rat had a minimal pyelitis, one
Group No. 5 rat had a focal granulomatous area surrounded by an area of
hyalinization and one Group No. 4 rat had a moderate interstitial nephritis
and a cystic cortex.

Lymph node sections from occasional rats in Groups No. 2, No. 4

No. 5, and No. 6 revealed lymphoid hyperplasia.

Four Weeg Sacrifice:

| Lung sections from several rats im all six groups revealed a
perivascular inflammatory reaction comsisting mainly of neutrophiles. In
addition, there was ; focal pneumonitis consisting of activated septal cells,
macrophages, and lymphocytes. Lung sections also revealed focal accumulations
of foamy alveolar macrophages and slight peribronchial and perivascular
l&mphoid hyperplasia in many of the rats. There were also areas of agonal
hemorrhage and artifactual lung collapse. The responses in all three test
groups'(Groups No. 4, No. 5, and No. 6) were similar and were comparable to
thé reaétioa in the Group No. 1 rats. The reaction was similar to that
observed at one week, but more chronic in nature with more chronic inflammatory

cells and fewer polymorphonuclear cells.

-~

-
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In Group No. 2 rats, scattered particles of graphite were surrounded
by clumps of macrophages. There was little tissue response and the majority
of these macrophages with graphite were free in the alveoli.

Group No. 3 rats had numerous silicotic nodules composed of fibroblasts,
macrophages, and mononuclear inflammatory cells situated around the terminal
bronchicles. Numercus quartz crystals were evident in these nodules and in
the surrounding tissue. In addition, the peribronchial lymphoid tissue and
the peribronchial Iympﬁ node had minute quartz crystals and small fibroblastic
nodules.

Liver sections in both control and treated groups contained a few
areas of minimal nénsuppurative pericholangitis and there was a scattered
incidence of microgranulomas. One Gro&p No. 1 rat had a focal hepatitis, a
Group No. 2 rat had subcapsular hepatitis and a Group No. 4 rat had suppura-
tive"pericholangitis. '

Kidney sections in a few rats in all groups revealed é minimal
interstitial nephritis, |

In addition to the fibroblastic nodules and quartz crystals observed
in lymph nodes in Group No. 3, lymph node sections from occasional rats in

Groups No. 1, No. 3, and No. 5 revealed lymphoid hyperplasia.

13 Week Sacrifice:
Lung sections from two rats of Group No. 1, one rat of Group No. 2,

and three rats in each treatment group (No. 4, No, 5, and No. 6) revealed a

minimal to moderate perivascular inflammatory reaction consisting mainly of
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peutrophiles. In additiom, a focal pneumonitis consisting of activated septal
cells, macrophages, and lymphocytes occurred in occasiongl rats 'in both control
and treated groups. Lung sections also revealed focal accumulations of foamy
alveolar macrophages and minimal to marked peribronchial lymphoid hyperplasia
in most of the rats. There were also areas of agonal hemorrhage and artifactual
lung collapse. The responses in all three test groups {Groups No. 4, ¥o. 5,
and No 6) were similar and were ccmparable to the reaction in the Group No. 1
rats. The reaction was similar but less severerthan that observed at one
month.

In Group No. 2 rats, scattered particles of graphite were evident
in four of the five rats and these particles were surrounded by macrophages.
One rat had a focal area of adenomatous hyperplasia which was umassociated
with graphite particles.

Group No. 3 rats had numerous silicotic nodules diffusely scattered
throughout the lungs in all but one rat. These nodules were composed of
fibroblasts and fgér9cytes with occasional strands of mature collagen inter-
spersed as well as occasional macrophages and mononuclear inflammatory cells.
Occasional nodules were quite large and in ﬁany areas, two or more of the
nodules had coalesced to form a larger nodule. In addition, many smaller
nodules of similar structure were present in the peribronchial lymphoid
tissue and in two animals,.numerous nodules had formed in the thymus. 1In all
silicotic nodules, numerous small birefringent crystals were evident under
polarized ligﬁt. In all lungs containing silicotic nédules, there was a
diffuse macrophagic response throughout the alveoli., The silicotic nodules
were mﬁch larger and contained more mature connective tissue than was present

-

at one month.
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Iiver sections from treated and control animals conta%ned a few
areas of minimal nonsuppurative pericholangitis and there was a scattered
incidence of microgranulomas., One rat in Group No. 6 had slight bile duct
proliferation.

Kidney sections from most of the rats in all groups revealed a
minimal interstitial nephritis. 1In addition, one Group No. 2 and one Group No. 4

rat had hydronephrosis and another Group No. 4 rat had a small cyst in the cortex.

26 Week Sacrifige (Termination):

Lung sections from all rats in each group revealed evidence of chrenic
respiratory disease. The lesions varied from moderate to marked peribronchial
lymphoid hyperplasia to frank suppurative bronchopneumonia with abscessation
and consolidation. The lesions in all groups were comparable and more severe
than the alterations observed at three months.,

Three of the five Group No. 2 rats had graphite particles present
within the lung sections. There was no ‘apparent reaction to the graphite,

Four of the five Group No. 3 rats had small silicotic nodules
diffusely scattered through the lung partic#lariy in the hyperplastic
peribronchial lymphoid tissue. In addition, many smaller nodules were
present in all thymus sections and in peribronchial lymph node sections from

two rats.
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Peribronchial lymph node and thymus sections ip all groups revealed
lymphoid hyperplasia and iymphadenitis. These changes reflect the chronic
inflammatory reaction occurring in the lungs. 1In adﬂition, there was a high
incidence of hemorrhage in these tigsue sections. This is believed to be due
to the process of exsanguination,

Liver sections from treated and control animals contained a few
areas of minimal nonsuppurative pericholangitis and there was a scattered
incidence of microgranulomas. .

Kidney sections from most of the rats in all groups revealed a
minimal interstitial nephritis; In addition, three rats in Group No. 4 had
calcareous bodies at the corticomedullary junction,

Spleen sections from most of the rats in all groups contained
hemosiderin pigment consistent with the ageing process.

One control rat (Group No. 1) died on the study and was found to
have lymphosarcoﬁq affecting both the liver and ghe spleen.

In conclusion, histomorphological alterations attributable to the
test material (calcium anhydrite whisker fibers) were not apparent at any of
the dosage levels at any of the above intervals. The positive control rats
{(Group No. 3), however, developed silicotic nodules consisting of clumps of

macrophages, fibroblasts, occasional strands of collagen, and quartz crystals
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(first evident at the one month sacrifice). These lesions were present in the
lung, thymus, and periﬁrohchial lymph node sections and persisted to the end

of the experiment,

Submitted by W. m,
" HENRY A. ®|UTTER, Jr., Fh.D,

Project Coordinator
Toxicology Department

Pathology b W@m
%umaom BANAS, D.V.M. J/ﬂ/
Pathologist 255267

Pathology Department <

Report Preparation: Strother
Supervision: McHugh

njo
NOTE: The research described in this report involved animals maintained in

animal care facilities fully accredited by the American Association
for Accreditation of Laboratory Animal Care.
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ATTACBMENT D2

SUMMARY OF INTRATRACHEAL STUDIES
BY
DR. GEORGE W. WRIGHT



ABSTRACT: There are no data
concerning the biological reaction of
human tissue to gypsum in fiber form but
there are pertinent data derived from
animal exposure to such, fibers and also
Jram long term exposure of humans to
respirable size particles of gypswm of
identical chemical make-up but in
granular or non-fiber form. Studies
earried out in recent times of both human
aned animal exposure to various
materiads in fiber form, as for example
asbestos fibers, have clearly demonstraied
that several essential factors control ihe
nature of the tissue response in terms of
fibrogenisis or malignamt transformation
ar the absence thereof. Stated briefly
these factors are: {1} The fibers must be
short and thin enough to be respirable
and be deposited in the most distal areas
of the broncho-pulmonary tree. (2} The
effects are cumulative-dose-related in the
sense of fibers lodged at the fiber-cell
interface over a substantial period of time
measured in months to vears. (3) The
developement of an adverse tissue
response is related to rather specific
diameters and lengths of the fibers that
are retained. (4 The fibers must be
durable in the appropriate dimension ut
the cellular level in order to reach the
requisite cumulative-dose. Each of these
Jour factors must exist in concert with the
athers.in order that an adverse reaction
might ensue following exposure by the
inhalation rowte. Relevant data
regarding the behavior of Gypsum with
respect to these factors is available. The
chemical structure of fibrous and of
granular gypsum are the same. Studies
of humans exposed occupationally to
granular gypsum of respirable size over
the past several decades have failed to
revenl any adverse biological reaction
and the sume is true of animal inhaletion
studies. Most imporeantly these studies
have shown the granular gypsum is very
soluble in living tissue. It is not durable
and thus does not lead to the required
cumulative-dose over time, In a similar
Jashion, animal experiments involving
the direct introduction of gypsum fibers
into the lungs ar the peritoneal space

of rodents have demonstrated ropid

dissolution of the fibers and no evidences
of fibrogenesis or mesothelioma tumor
development. As is true of granular
gypsim the fibrous form has also been
shown to be not durable in a biological
sense and hence it does not accumulate
in living tissue—a not surprising
observation in-view of their chemcial
identity.

I have been asked for a discussion of
extant health-related information that
would be pertinent to Franklin Fiber { FF)
in the hemi-hydrate and anhydrous forms.
Chemically, these fibers are geometrical
forms of their granular gypsum counter-
parts and about the latter there is 2
substantial amount of health and biologi-
cal information which has been gleaned
over the past years. In addition, there
now exists some pertinent biclogical
information chtained by animal experi-
mentation with respect to the effects of
gypsum in fiber form. Gypsum in a fine,
sitky, fibrous form exists in nature as
Satin Spar and has been used to some
extent commercially. | do not know of any
documented studies of humans after such
exposure.

Since gypsum in its granular form, espe-
cially when ealcined, is similar or the
same chemically as FF, it is pertinent to
review the health and bioclogical effects of
cormercially used granular gypsum.
Parkes® points out that gypsum in granu-
tar form has been used rather extensively
for centuries and continues so 1o be used
today. Other kinds of respirable dust such
as free erystaline silica {quartz) and
ashestos have been recognized for several
decades as having overt adverse health
effects under the circumstances of their
use at the time. In contrast, under similar
circumstances of health scrutiny and
awareness existing at that same time,
exposure to gypsum dust did not lead to
overt adverse health manifestations.
When the adverse effects of quartz and
ashestos dust were recognized and had
become the focus of scientific serutiny in
the earlier years of this century, studies of
persons exposed to other kinds of dust,
ineluding gypsum were made at the same
time.

Studies in the 1930% by Sayers and by
Riddef of workers expesed to gypsum
dust™ revealed no adverse heaith effects
of long-term exposure. This was confirmed
by an autopsy study’ of workers who had

ndustrial
Products




experienced substantial exposure to
gypsurm dust during their employment.
The authors report that “no specific
preumoconiotic syndrome occurred”
They reported minimal areas of perivas-
cular fibrosis and raise the question of
whether or not these were caused by a
ron-specific and minimal reaction to
gypsum. Lack of complete oceupational
histories in these cases and the finding

of high normal values for quartz in the
lung ash of three of the four cases make it
impossible to evaluate these minimal and
non-specific findings in terms of respirable
gypsum dust per se.

Exposure of guinea pigs to a cloud of cal-
cined gyvpsum dust containing 16,000
particles per cubic centimeter for a period
of two vears, permitting survivors to live
another two years, was carried out by
Gardner and his associates. This work was
ultimately published by Schepers, et ali
No untoward reaction was observed, as
evidenced by the following quotation from
their published report. “Since in previous
experiments the intra-peritoneal injection
of even an excessive quantity of calcined
gypsum particles did not produce progres-
sive fibrosis, it was anticipated that the
inhalation of these particles would have
no serious effect upon the lungs. That
assumption has been verified by the
studies reported in this paper. It has been
demonstrated that the small increments
of fine calcined gypsum particles inhaled
into the lungs largelv disappear, appar-
ently as a result of solution in the tissues.
Very little evidence of their presence can
be discovered. Evidences of reaction in
the fixed tissues of the lung are minimal,
even after exposures to high concentra-
tions for & period of two years” These
inhalation studies confirmed the earlier
reported intra-peritoneal injection studies
by Hiller and Sayers® who observed a
fleeting non-fibro-genic reaction to a
soluble dust. These inhalation and peri-
toneal studies emphasize the fact that
gypsum particles are soluble in the tissues
of experimental animals. That the same

is true for particles deposited in the hungs
of humans is shown by the fact that in

the chemical analyses of lungs from
gypsum-exposed workers® the level of
calcium oxide was within limits of normal
even after manv vears of exposure, If
gypsum partictes made up of calcium
sulphate had been retained. rather than
dissoived and the calcium excreted, the
level of calcium oxide in the lungs of
these gypsum-exposed workers would
have been far above that of the lungs of
normat persons. That gypsum particles
dissolve in human tissues is understand-
able in the light of its relatively high
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solubility in saline. The evidence with
respect to granular gypsum clearly
supports the statement by Parkes’ in his
recent text on Oceupational Lung Dis
orders that “{n short, gvpsumn does not
cause a pneumoconiosis” Moreover, there
is no evidence to my knowledge that even
suggests that exposure to respirable gran-
ular gypsum leads to an excess oceurrence
of lung, pleura or periotoneal cancer. In
view of its obvious lack of durability,
because of its high sclubility in human
tissue, suck a possibility is extremely
unlikely. On the basis of what is known to
date, the fact that granular gypsum dust
is rated by the American Congress of
Government Industrial Hygienists in the
category of a nuisanice dust would appear
10 be filly justified.

During the past 20-30 vears, it has been
convineingly shown that substantial expo-
sure to respirable ashestos fibers will jead
to an excess occurrence of pulmonary
fibrosis (asbestosis), to pleura effusion,
thickening and caleification, and to
bronchogenic and mesothelial cancer and
perhaps laryngeal cancer as well, Because
of this experience, fibers of varieties other
than asbestos are now considered suspect
unti! they can be shown to behave
otherwise,

In those circumstances where a specific
variety of fiber has a long experience of
use, studies of populations thus exposed
provide data pertinent to the potential
hiological effects of the specific fibers.
Lacking this avenue of approach, resort to
experimental animal exposure and to
knowledge available from past studies as
to the mechanisms underlying the bio-
logical effects (or absence thereof) must
be used. There is an abundance of per-
tinent knowledge concerning the
la{te§s'&l)"iij.lij:-l: ‘,.15.

1 It is known that to produce adverse
effects in the tung or pleura, fibers must
be of a size that will penetrate the air-
condueting passage to the distal portions
of the bronehial tree. Fibers thinner than
3 and shorter than 200 micrometers can
penetrate to those deep lung areas,
whereas thicker and longer fibers are
intercepted in the nose or are deposited
on the surface of proximal air conducting
regions where they are rapidly removed
by the lung cleansing apparatus.



2 The effects of those fibers known to be
biolngically active are cumulative dose-
related in the sense of an accumulation of
fibers at the fiber-tissue interface over a
substantial period of time. In the human
cases of fibrogenesis this is measured in
months and for earcinogenesis, in vears.

3 Those investigators who have studied
the biological effects of fibers have
repeatedly stressed that the fibers must be
durable in order to generate a fibrogenic
or carcinogenic response. By durable it is
meant that fibers do not dissolve rapidly
or become shorter by cross-section
fracture. If they go into solution they
disappear and hence will not create an
accumulating dose.

4 Extensive animal experimentation has
convincingly demonstrated that the ultimate
biological effects of fiber-shaped particles
are related 1o the diameter and length of
the fibers deposited in or on the tis-
sues*'™*1 In general, carcinogenesis is
not associated with fibers thicker than 1.5
or shorter than 5.0 micrometers but
becomes increasingly associated with
fibers that are thinner and longer than
these dimensions. To summarize these
controlling features of the adverse bio-
logical reaction te fibers: First, they must
be of a respirable size; second, they must
be durable in the tissue; third, they need
to be thinper than L5 and longer than
5.0 micrometers; fourth, they must
accumulate at the appropriate tissue loca-
tions in doses sufficient to induce specific
change. No one of these is of primary or
singular importance. All are essential.

Since the diameter of FFs place them in
the respirable range and from what is
likely to occur when they are fractured
transversely during handling, one can
assume that fibers of respirable diameter
and length will be present in the work-
place where FFs are used, Moreover, since
a substantial portion of the fibers are less
than 1.5 micrometers in diameter, one
must review what is known about the
other factors that will influence tissue
reaction to these fbers.

Pott, et al"” injected a fiber form of gypsum

intra-peritoneally into rodents and
observed these animals over a period of
two vears. In contrast to fibers of ashestos
which persisted in the tissues and
produced fibrosis and an abundance of
mesotheliomas, the animals injected with
gypsum fibers at similar doses failed to
develep anv mesothelioma and showed
litile or no fibrosis and only two intra-

abdominal tumors conceivably related to
the injection of these quite massive doses.
These tumors were not the kind known to
oecur in excess armong humans exposed to
ashestos fibers. He noted that at the end
of | year, only a small or no deposition of
dust was seen in the peritoneal cavity. In
his earlier report of this same experiment
in 1974" hLe notes that the gypsum fibers
dissolved on the tissues and inferred that
this lack of durability accounted for the
failure to induce mesothelioma.

Stanton, et al” used gypsum as well as
other material implants in the pleura
which they speak of as being non-durable
in nature. These non-durable implants did
mot produce a higher rate of mesathelioma
than occurred in true non-treated con-
trols. While the gypsum used is not elearly
identified as being fibrous, it is spoken of
as being in contrast to other “exclusively
nen-fibrous” substances and one would
infer that the gypsum was at least partially
fibrous in form.

Ir: 19757 in preparation for a study of
different materials to be used in exploring
the influence of the size of fibers upon
specific tissue responsel* Dr. Kuschner
and I injected thin fibers of gypsum anhy-
drite intra-tracheally into guinea pig
lungs. When the lungs were examined as
early as two days post-injection, no fibers
could be found. Additional simubtanecus
injection of gypsum plus glass fibers as a
tracer showed the glass fibers to be
present but no gypsum fibers were seen at
the end of 48 hours. Because of the rapid
solubility of the gypsum fibers in lung
tissue, we deemed them unusable for the
purposes of our study and they were not a
part of our final published report.

A 26 week intra-tracheal toxicity study in
rats with a suspension of calctum sulphate
anhydrite whisker fibers (FFs} was carried
out in 1974 by Hazelton Laboratories
Inc.” Three fiber dose levels, the highest
being at 10 mg per ce, along with separate
groups of positive { quartz crystals ) and
negative { graphite particles) controls, as
well as vehicle { saline ) controls, were
used. Groups of animals were sacrificed at
24 hrs, one week, four weeks, 13 weeks
and the study was terminated at 26 weeks,
In their conelusion upon termination of
the study at half 2 vear they state “In
conclusion, histomorphological altera-
tiens attributable to the test material

{ caleium anhydrite whisker fibers ) were
uot apparent at any of the dosage levels

at any of the above intervals. The positive
control rats {group #3) however developed
silicotic nodules consisting of elumps of
macrophages, Abroblasts, oceasional
strands of collagen and quartz crysials

{first evident at the one month sacrifice)”
‘The negative outcome of these studies
with gypsum in fiber form fits with that

of animals exposed to granular gypsum,
strongly suggesting that the fibers dis-
solved, and thus were not durable and
hence not fbrogenic. A subsequent search
for gypsum fibers in the histological
sections from this study was carried out
by Walter C. MeCrone Assoe. Inc.in
1986. They examined tissue section from
rats injected at the highest concentration
of 10 mg per cc and sacrificed at 24 hours
post injection. They report as follows: “In
summary, no Franklin fiber crystals were
found in eight of the slides examined. Two
stides in which the crystals were dis-
covered contain only isolated aceurrences
{only two found per slide ) and these
appeared to be partially dissolved since
the crystal faces are rounded. No concen-
tration of Franklin fibers were found on
any of the slides” They also examined ten
slides from animals injected with the same
conecentrations of quartz crystals as
positive controls and in these the intra-
pulmonary deposits of quartz particles
were readily identified. The slides were
examined using not only the “light” but
also the scanning and transmission elec.
tron microsopy, techniques that should
have revealed fibers had they been present.

From numerous studies looking at long-
term effects of particles of respirable size,
it is apparent that in order to induce an
adverse biological reaction such particles
must be durable after they are deposited
in or on ving tissue. Particles that dis-
solve in a matter of a few days cannot be
considered durable in a biological sense,
There is convincing evidence that gypsim
particles in their hydrated or anhydrite
forms are not durable when deposited in
living tissue and because of this have not
led to adverse biolegical reactions. In this
regard there does not appear to be any
difference between their granular or
fibrous forms. This is not surprising since
the fibrous form is chemically the same as
its granular counterpart and one would
expect it to behave in a similar fashion
insofar as solubility in living tissue i
concerned.
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Glossary of Terms

Bronchogenie: Originating in any larger air
passage of lungs.

Carcinogenesis: A transformation of narmal
cells into malignant new growth cells.

Fibrogenesis: Development of reactionary
changes to the deposition of foreign
substances into the lung tissues.

Fibrosis: Formaticn of fibrous scar tissue,

Laryngeal Cancer: Cancer of larynx (the
organ of voice .

Mesothelial Cancer: Cancer of pleura.
Pleura: Outer covering of lungs.
Perivascular: Situated around a blood vessel.

Preumeconiosis: A condition characterized
by permanent deposition of substantial
amounts of foreign matter in lungs and
its reaction with tissue.

Prneumoconiotic Svadrome: Conditions in
which lung tissue reacts to foreign
substances resulting in a permanent injury
to the tissue.

Pulmenary: Pertaining to lungs.
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1. Introduction
1.1 Emission and Immission of Sulfur Dioxide (SO;)

A certain degree of adverse effects on natural conditions is unavoidable in a modern industrial
society. It is ultimately part of the price that we have to pay for achieving economic and social
progress.

However, we can and must reduce the burdens on our environment to the extent that harmful
effects on our environment are largely ruled out. The present generation and future generations
are responsible for this and, with available scientific knowledge and technical capabilities, we
are also in a position to do this.

Among the gaseous atmospheric pollutants, sulfur dioxide (SOs) is the most widespread.
Investigation of the sulfur cycle in the troposphere led to the finding that about 66% escapes into
the air from burning of fossil fuels, about 28% from breakdown of organic matter in the ocean
and 3% from that of the soil and another 3% comes from volcanic emissions. Back-transport to
earth occurs by washing out with precipitation (65%) and by gas absorption of the water surface
(16%) and plants (18%).

Owing to increasing emission of sulfur dioxide (SOa), especially by burning of fossil fuels,
global SO, emission has been estimated by calculation since 1860, based on fossil fuel
production data (see Appendix, Table 1). Data cited in the literature, however, are sparse and
vary sharply. At present, the total anthropogenic SO, emission should lie at 90 x 10° t/a (Fig. 1).



Dashed line: European SO, emission
Source: Moller 1982

The SO, emissions in Europe are better known (Fig. 1) and here, especially those of the Federal
Republic of Germany, to which reference is subsequently made.

More than 95% of the sulfur dioxide reaches the atmosphere in the combustion process during
power production, in which power plants and central heating plants are considered the main

emitting groups (Fig. 2 and Appendix, Table 2).



Fig. 2: SO; emission in the Federal Republic according to emitter groups
Source: Federal Ministry of the Interior 1984

Key: 1 Power and heating plants
2 Industry
3 Households
4 Traffic

According to the new contract between power engineering and coal mining, the use of domestic
coals for power production is to be increased by 1990 to 45 million t/a and by 1995 to 47.5
million t/a coal units (CU) (Pietrzeniuk 1981).

This gives a domestic consumption of coals, including imported coals, of about 85 million t/CU
in 1990 (Bund 1979).

Assuming an average sulfur content of the coals at 2% and sulfur release of 95% in the
combustion process, a sulfur emission of about 1.7 t/a results from coal alone. The release of
sulfur from brown coal and petroleum burning are still not included in this (Einbrodt 1984).

Inhalation of SO, produces irritation effects in the mammal body: because of its good water
solubility, mostly the upper respiratory tract is affected. Even low concentrations produce
spasms of the smooth musculature of the bronchioles, an increase in respiration resistance, as
well as an increase in respiration and heart rate. For the plant organism, sulfur dioxide, next to
hydrogen fluoride, represents the main pollutant. At a concentration of 0.40 mg/m’, an acute
phytotoxic effect occurs. Values that are still sufficient to protect human health are no longer
sufficient for protection of vegetation (Nolte 1973, Tanner et al. 1981, Mileman 1981, Kerr
1981, Sequeira 1982).



These development trends in anthropogenic sulfur emission and the harmful effect on humans
and the biosphere resulting from them demonstrate that strategies that permit consideration of
ecological aspects must be employed here.

1.2 Legal Provisions and State of the Art

1.2.1 The Federal Immission Control Act (BImSchG) and the Ordinance on Large
Combustion Plants (13tlrl Federal Immision Control Ordinance)

Through the constitutional amendment of 12.04.1972, the State acquires competing legislative
authority for waste disposal, air pollution control and noise control (Constitution Art. 74 (24)).

Based on this constitutional amendment, the Federal Immission Control Act (BImSchG) was
passed on 13.03.1974. This law thoroughly codifies protection and care against damage from air
pollution, noise, vibration, light, radiation, etc., in animals, plants and materials.

Installations subject to licensing, in particular, are included, like power plants and central heating
plants, as well as traffic. According to §4 of BImSchG, the technical instruction for air pollution
control (TA Luft) of 8/28/1974, with consideration of the amendment of 2/23/1983 (GmBI, page
94), stipulates a management procedure for installations subject to licensing, which TA-Luft of
9/8/1964 (GmBI, page 439) exempted from a significant part of the principles of the Federal
Immission Control Act in detail. The objectives of this management procedure are immission
values that may not be surpassed for the purpose mentioned in § 1 BImSchG, emission values,
surpassing of which is avoidable according to the state of the art, as well as methods for

determination of emissions and immissions.

According to § 61 BImSch(G, the Federal Government regularly prepares a report for the
Bundestag [Parliament — lower house] concerning the status and development of emissions,
immissions and technology. The so-called GFAVO (13" BImSchV) resulted from this in 1983,
which has been in force since July 1, 1983 and specifies the requirements on combustion plants
with more than 50 megawatt (MW) thermal power, according to § 5 (2) BImSchG (basic
protection law).

In particular, emission values for dust, oxides of nitrogen (NOy), sulfur dioxide (80,), carbon
monoxide (CO), as well as halogen compounds, from solid, liquid and gaseous fuels in old and
new installations were established, (see Appendix, Table 3).
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A new feature of this 13 Federal Immision control ordinance is limitation of sulfur dioxide in
flue gas from the previous 650 mg/m’ to 400 mg/m’, as well as the obligation to retrofit old
installations with flue gas desulfurization units by 6/30/1988.

On 2/21/1986, the Bundesrat [Parliament - upper house] decided to amend the “First General
Management Procedure for the Federal Immission Control Act” (TA-Luft "86).

Overall, the technical instruction for pollution abatement of air of 8/28/1974, amended on
2/23/1983, is superseded by this. Relative to TA-Luft 1974, this is a clear separation of the
emission part from the immission part. The independence of the basic obligation in § 5 (2)
BImSchG (Prevention of Harmful Environmental Effects) relative to § 5 (1) (Protection from
Harmful Environmental Effects) emerges with it (General Management Procedure of the Federal
Government, printing 60/86 1986).

1.2.2 Desulfurization Methods and End Products

History and Development of Flue Gas Desulfurization Units REA [German]

The first installations for desulfurization of power plant waste gases were developed and
industrially introduced in the USA and Japan, i.e., in countries with high industrialization.

Especially in Japan, with explosive industrial growth and, at the same time, high population
density on an intact environment, a reduction in flue gas emissions had to be introduced, in
particular.

The first industrial flue gas desulfurization unit in Japan went into operation as early as 1969.
The methods developed in Japan were exclusively wet methods, which used quicklime and
strong alkalis as absorption agents and produced usable gypsum as end product. This route was
certainly prescribed because Japan has no natural gypsum deposits, but does have a highly
developed gypsum industry with high total annual consumption. Since then, all of the natural
gypsum imports have been replaced by flue gas gypsum.

In the USA, where much more spacious areas are available than in Japan, other ways for
desulfurization were pursued. Methods were developed here with sulfide as residual substance,
which was dumped either as sludge or with fly ash as a stabilizer.
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The Lime Washing Method

Starting from the experiences obtained in the United States and Japan, flue gas desulfurization
methods were further developed and constructed in the Federal Republic of Germany, which
used lime in the form of calcium hydroxide (Ca(OH),) or calcium carbonate (CaCOs) as
absorption agent for separation of sulfur dioxide (SQO,).

The principle of this method is based on reaction of sulfur dioxide with calcium to calcium
sulfate (CaSO,) (Bloss 1982, Bakke 1980, Gutberlet, Stappert 1981).

On the example of the Knauf-Research-Cottrelle Process (K-R-C Process) in the Federal
Republic, the principle of this flue gas desulfurization will be explained (Fig. 3): the chemical
reactions in this process occur in two loops. One therefore speaks of a two-loop process.
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Key: Flue gas
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The key element of the installation is the absorber tower (Fig. 4). The flue gases are initially
freed of dust in an electric filter and go to the lower part of the tower tangentially, the so-called
quencher. The flue gas is then placed in rotating movement, cooled and saturated with steam. In
the quencher, the washing suspension (quencher suspension), consisting of limestone flour and
water, of the lower absorber loop is sprayed against the flue gas in two nozzle levels. Part of the
sulfur dioxide contained in the flue gas is then already removed.

The entire absorber tower is subdivided into two absorption zones by collector funnels. The flue
gas passes along the collector funnel from the lower to the upper absorption zone. The gas
stream is then deflected from the rotating direction to a vertical flow direction. The flue gas
flows through a spray zone in the upper part of the absorber tower with one nozzle level and then
a wet film contact in succession. Here, the wash suspension of the upper absorber loop, the so-
called absorber suspension, is sprayed against the flue gas and produces a residual
desulfurization.

After flowing through a two-zone drop separator, the purified flue gas escapes the atmosphere
from the absorber tower.
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Oxidation and gypsum production occur in the lower quenching loop. Large, compact gypsum
crystals are formed here, which do not exhibit the disadvantageous thixotropic behavior of
smaller gypsum crystals of the upper absorber loop. A hydrocyclone system collects and
separates the large, compact gypsum crystals from the small, still not intergrown crystals and
conveys them to the quenching loop. This recirculation of the so-called crystallization nuclei is
used for further gypsum formation and is continued until large, compact gypsum crystals are
formed, can be separated in the hydrocyclone system and then fed to a vacuum drum filter.
Here, they are dehydrated to a residual moisture less than 10% and compacted.

(Grifeling 1979, Weiler 1980, Hamm and Hiller 1982, Wirsching 1983).

goy:

Fig. 4: The absorber tower of the K-R-C Process for flue gas desulfurization

Key: A Waste gas
B Flue gas
C Air
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The Ammonium Sulfate Process

The fundamental idea of this process is based on washing with a highly concentrated salt
solution.

The flue gas freed of dust is then mixed with ammonia (NH3) and reacts stoichiometrically to
ammonium sulfate (NH,SO,). This dust-like end product can be packaged in a pelletizing
installation and then supplied to the fertilizer market.

The acceptance of this process is evaluated differently in the literature. This might be justified
economically with the uncertain market position for fertilizer, but also might have ecological
reasons, since ammonium sulfate has only limited use, because of its properties that acidify soil
(Grifeling 1978, Fertilizers from Gas 1978, Gerking 1979, Fertilizers from Power Plant Waste
Gases 1982).

1.3 Disposal of End Products

One of the most important requirements in selecting a desulfurization process is reliable and
long-term disposal of the desulfurization products.

According to § 5, No. 3 BImSchG, the legislature requires that installations for flue gas
desulfurization be built and operated so that the residues are properly and harmlessly utilized or,
if this is not technically feasible, eliminated properly as wastes.

Conversion of sulfur dioxide to gypsum and its utilization in a recyeling process has been shown
to be the most promising technically and economically. The Federal Republic of Germany

consumed about 6 million tonnes of natural gypsum in 1980, 1.5 million tonnes of which were in
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the cement industry, 3.5 million tonnes in the gypsum industry for production of gypsum
construction materials, 0.2 million tonne for production of industrial gypsum and 0.8 million
tonne as mine support material in coal mining (Wirsching 1983).

This consumption declined in 1982. With the overall economic position and the expected
construction activities in the future, further expansion in the mentioned field is not expected.
This situation in the gypsum market in the Federal Republic of Germany is in contrast to the
amounts of flue gas gypsum that will be produced in the future during power plant
desulfurization.

Considering the amounts of gypsum now produced from flue gas desulfurization of brown coal
and bituminous coal of about 4.5 million t/a, with an increase of 30% in 1990 by increased use of
bituminous coal, the entire amount of natural gypsum would be replaced from the market. The
unused excess would then have to be dumped, as is already practiced in brown coal
desulfurization (Einbrodt 1984). The problem of landfill capability should not be overlooked
here. Instead, we must examine, from the standpoint of preventive medicine, the extent to which
heavy metals contained in flue gas gypsum can cause health impairment in persons
occupationally exposed to this material, as in commercial reprocessing in the construction
industry or in filling so-called voids in mining operations.

1.4 Statement of the Problem

After the industry considered the technical problem of flue gas desulfurization to have been
solved (Lukas 1981), the aspects of possible ecological effects of the end products have not
attracted much attention since. The question is therefore raised whether the problem of SO,
emission has ultimately been solved by the process engineering solution of flue gas
desulfurization, or whether this merely represents a rearrangement or even a displacement of our
present environmental problems.

Adverse effects on organisms by organic or inorganic products can manifest themselves ina
variety of ways. Harmful changes, coupled with far-reaching consequences, manifest themselves
as a change in the genome and then possibly the development of malignant tumors.
Consequently, for the safety of the substance, one starts from the present state of scientific
knowledge to largely rule out mutagenicity and carcinogenicity.



2. Material and Methods
2.1 Characteristics of the Dust

The dust being investigated is a dust-like industrial gypsum, which was recovered according to
the desulfurization method outlined in the introduction, using the lime washing principle.

The dust appears under a microscope as a crystalline structure of uniform optical density and a
particle size between 30-65 um (Figs. 5, 6).

Fig. 5: REA gypsum dust. Magnification 225x, phase contrast

Fig. 6: REA gypsum dust. Magnification 900x, phase contrast

16
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2.2 Ames Mutagenicity Test

General

Mutagenic and carcinogenic substances can trigger different changes, gene mutations and
chromosome damage, as well as cytogenic effects. Gene mutations can be detected in vitro in
bacterial and mammalian cells. However, since not all mutagenic and carcinogenic substances
trigger gene mutations, some can also induce other effects and, in principle, in vivo test methods
are unavoidable for evaluation of the substance. This is true all the more so, because in vitro
methods need not always be representative for the animal organism. Performance, however, is
not always practicable. Consequently, it is initially necessary to select a test that is simple to
conduct, easy to standardize and has relatively good information content.

These requirements are largely met in the Ames mutagenicity test. It is based on the fact that
appropriate Salmonella typhimurium mutants that are readily suitable for recording gene
mutations are incubated together with the so-called S-9 fraction of a rat liver homogenate. The
S-9 fraction is necessary for metabolic activation, since most mutagenic or carcinogenic
substances themselves are not toxic (Mattern and Greim 1978). Instead, reaction products that
are ultimately responsible for genetic effects are formed only by metabolization of the
substances. The rat liver homogenate is recovered from animals that were treated beforehand
with a mixture of polychlorinated biphenols (PCBs). Polychlorinated biphenols are considered
the strongest inductors of mixed functional oxygenases (Forth 1978).

The system therefore combines the metabolic capacity required for metabolization of chemicals
with a sensitive detection of the genetic effect of the forming reacting metabolites. Since the test
records gene mutations and bacteria and therefore represents a demonstration of mutagenic
effects, it is of special interest to determine the extent to which carcinogenic substances are also
recognized with the test.

Ames et al. (1973), who developed the test, were able to demonstrate in 300 carcinogenic
substances that 90% of these carcinogens also had a mutagenic effect. Several research groups
have more or less confirmed this finding (Purchase 1976, Ashby and Styles 1978). In other
studies from the National Cancer Institute of the USA, on the other hand, a lower correlation is
mentioned (Poirier, de Serres 1979, Rosenkranz et al., 1979). Both benzene and
diethylstilbestrol, which are known to be carcinogens in human, were negative in the
mutagenicity test (Ames 1975). Tiedemann and Einbrodt, in 1982, were unable to detect
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mutagenicity in the Ames test for arsenic, which is also listed among the inductors of malignant
tumors.

Such false-negative findings can partly be explained by the fact that enzymes that would be
necessary for activation of the test substance are not present in the test system. Substances are
metabolically inactivated, spontaneous back mutations can occur, or the free mutagenic
metabolites are so limited, because of unduly high protein contents, that no increased mutation
rate is detectable (Mattern and Greim 1978).

In considering these possibilities for error, however, the test has established itself as a screening
method.

Performance
The investigation occurred as stated by Ames (1975). Histidine-deficient mutants of Salmonella
typhimurium TA 1535, TA 1537, TA 1538, TA 98 and TA 100 were used as test germs.

25 g of REA gypsum was shaken out in 300 mL dichloromethane (CH;Cly), concentrated to
dryness on a rotary evaporator and taken up in 5 mL dimethyl sulfoxide. A five-stage dilution
series (1:5) was prepared from this solution. Each dilution stage was incubated with the test
germs in a threefold charge, specifically with and without liver enzyme addition. The
spontaneous mutation rate with and without S-9 fraction was also determined for each strain.

The revertants are determined in an automatic colony counter. The average is formed from the
three parallel samples and the average spontaneous mutation rate derived from it.

2.3 Animal Experiment

Since, as already mentioned above, in vitro tests on the mammal organism are not absolutely
transferable, it is appropriate to use a method that is adequate to the environmental conditions
and permits more accurate evaluation of this substance with respect to cytopathogenic effects.

As early as 1955, Schlipkétter advanced the view that, in principle, any inhaled dust is capable of
triggering a change somewhere in the respiratory tract.

Under these conditions, it was to be clarified in an animal experiment how the mammal organism
deals with a dust load, created under standard conditions, with REA gypsum and whether the
reaction represents a specific reaction to this dust.
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The experiments were conducted on 85 young, healthy female rats of the Wistar type F 90. The
weight of the animals at the beginning of the experiment was 220 g, that of the just sacrificed
animals averaged 345 g.

Dust Application

The industrially produced gypsum was administered intratracheally to the animals under slight
ether narcosis under nonsterile conditions, specifically in the form of a suspension of 25 mg dust
per 0.5 mL physiological saline (0.9% NaCl). In order to keep the gypsum dust optimally in
suspension, this suspension was agitated for 15 min with a magnetic stirrer before
administration. Administration occurred with a 2 mL syringe with long atraumatic button
cannulas.

QOverall, 48 animals were treated as described, 37 animals served as control.
The animals were sacrificed by excess ether narcosis and exsanguination after 24 h and after 1, 3,
8 and 18 months.

Histology

Histological preparations of the right upper lobe of the lung and the mediastinal lymph nodes
wete prepared from all animals. The preparations were stained in hematoxylin-eosin (HE) and
resorcinol-fuchsin (Elastica van Gieson) and evaluated under a light microscope.

2.4  Analytical Determinations

The remaining lung, as well as liver, right kidney and right femur, from the animal experiment
were fixed in acetone and preserved in a vacuum drying cabinet at 50°C for chemical
investigation. The upper part of the left lung was separated from the 18-month fraction for
hydroxyproline determination.

2.4.1 Flameless Atomic Absorption Spectrometry

To detect quantitative dust retention in the animal experiment, chemical detection of elements,
like chromium, nickel and aluminum, is used. These elements are quantitatively contained in the
largest amounts in the administered dust. A carcinogenic or fibrogenic effect of these elements
is also assumed.
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For this purpose, flameless atomic absorption spectrometery in a Beckmann Atomic Absorption
Spectrometer Model 1272 was used. This is the method of choice, in order to detect the smallest
amounts of substance in biological samples, since it permits accelerated analyses, without long
workup procedures, with high sensitivity.

Measurement Principle and Measurement Arrangement

The method was described for the first time in 1974 by Fuchs et al., in serum aluminum
determination and has since found a broad application spectrum, because of further equipment
development and improvement.

The sample, after drying and thermal destruction of the matrix, is instantly atomized in an
electrically heatable graphite tube: the biological components incinerate and the elements are
atomized out from their molecular bonds.

From the light beam of a hollow cathede lamp, peripheral electrons of the atoms being
investigated now absorb specific light quanta to jump to a higher energy outer orbit (resonance
absorption). During their reflection to the initial level, the same light quantum of defined
wavelength is liberated in all directions, so that light attenuation (extinction) occurs in a spectral
line specific to the element, which is proportional, according to the Lambert-Beer Law, to the
number of atoms present. A monoelement, hollow cathode lamp serves as light source. The
measurement beam is broken down spectrally by means of a grating after passing through the
atomization cell, in order to separate a specific wavelength. This is then released through a gap
of 0.7 nm.

A photomultiplier quantifies even the weakest changes in this light signal, and the extinctions are
recorded similarly by a plotter.

The cylindrical graphite tube, which is equipped on the inside with a pyrolytically coated plate,
the so-called Love platform, and guarantees better heating, is secured on both ends by a water-
cooled, electrically-conducting sleeve. The cylinder itself is rinsed on the inside and outside by

an inert protective gas, in order to prevent burn-up of the tube and oxidation of the sample
(Schmidt 1978, Weiz 1973).

After introducing the sample volume from the top through the metering opening, the cell is
heated electrically by a DC voltage of about 12 V with high current flow (about 500 A)
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according to a defined temperature-time program. The individual analysis steps for this program
are set up specifically for each element and are schematically shown in Table 4 (see Appendix).

During drying, the aqueous components evaporate and, with increasing temperatures, the organic
substances are incinerated. During instantaneous heating, atomization occurs; the released atoms
speud about 1 sec in the measurement light beam, during which the maximum absorption is
measured and recorded. During the atomization phase, the gas flow is briefly interrupted {gas
stop), in order to keep the analysis atom optically in the measurement beam.

Performance

The organs being investigated (femur, kidneys, liver and remaining lung) were weighed in a
platinum crucible and incinerated in the so-called muffle furnace at 400°C or 720°C for 20 h.

The weighed sample, after incineration, was mixed with 3 mL 6N HC], evaporated via a steam
bath and dissolved in 10 mL 2N HC] after cooling. This analysis product so prepared served as a
sample for the elements being determined in the individual organs.

Quantitative evaluation occurred by extinction comparison of standardized calibration solutions
in dilution series. The calibration curve gave a linear relationship.

2.4.2 Hydroxyproline Determination

The collagen fibers and connective tissue differ from other proteins in their amino acid sequence.
A high percentage of proline and hydroxyproline, as well as a low content of tyrosine and an
absence of tryptophan, are characteristic in the repeating tripeptides (Loftler 1979),

During inflammatory processes, in which inflammation cells release abundant collagenases,
collagen is broken down to hydroxyproline-containing peptides and free hydroxyproline. This is
not reutilized and can therefore be used as an indicator of collagen conversion. Stegemann, in
1958, described a method for detection of hydroxyproline in collagen-containing tissue, which is
not prone to disturbance relative to low-hydroxyproline and tyrosine-rich tissue.

The analysis is based on conversion of hydroxproline to pyrrole by chloramine-T and reaction of
pyrrole with p-dimethylaminobenzaldehyde to a red dye. The dye intensity is proportional to the
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hydroxyproline content and is determined by extinction in the flame photometer. Evaluation

occurs with standardized calibration sclutions in dilution series.
Performance

The fresh lung tissue was initially defatted three times at three-day intervals in acetone, then
hydrolyzed in 10 mL 6N HCl at 104°C for 18 h. The hydrolyzate is filtered through cotton
wadding and neutralized as 10 mL 6N NaOH. The analysis procedure of this hydrolyzate so
recovered from the top of the left lung was done according to Stegemann (1958).
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3. Results
3.1. Mutagenicity in the Ames Test

A substance is considered mutagenic if at least one test strain reveals double the spontaneous

mutation rate and a clear dose-effect relation.

An increased number of revertants either with or without liver enzyme activation could not be
detected in this test in any of the employed test strains of Salmonella typhimurium. This REA
gypsum is therefore not classified as mutagenic according to Ames (1975). The result of the
mutagenicity test is shown graphically in the histogram (Fig.7).
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3.2 Pathological-histological Results

24-hour Results

In the histologic preparations of the lung, the administered dust is already no longer detectable
under a light microscope after a day. Moderate alveolar septal widening with lymphocyte
infiltration is found (Fig. 8).

-

Fig. 8: Alveolar septa 24 h after dust administration, HE 225x

A pronounced pathological delimitation relative to the control animals is not possible, since
similar reactions are observed here (Fig. 9).

Fig. 9: Alveolar septa of control animals. 24-hour investigation, HE 225x

The lymph nodes of both the experimental animals and the control animals permit good
differentiation in the medulla and cortex. The secondary follicle, with its reaction centers
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principally situated in the cortex of the lymph nodes, suggests good lymphatic reactivity (Figs.
10 and 11).

1-Month Result

After 30 days of experiment, the lung preparations of the experimental animals show mucus-
filled bronchi with strong longitudinal creasing of the multi-row ciliated epithelium. The vessels
are filled with blood and the pronounced alveolar septal widening extends to larger areas of the

lung (Fig. 12).
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Fig. 12: Lung tissue 30 days after dust administration, HE 280x

Especially in areas with perivascular edema, which compresses the adjacent pulmonary
parenchyma, a strongly developed lvmphatic tissue is found (Figs. 13, 14). Reliable pathological
delimitation relative to the control preparations is not possible here either. Collagen

multiplication in the sense of connective tissue proliferation is also not detectable in EVG
staining (Fig. 15).

Fig. 13: Perivascular edema with adjacent parenchyma compression, HE 225x
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Fig. 15: Perivascular edema, EVG 280x

The lymph nodes showed distinct blood accumulation in all lymph nodes with hemosiderin-laden

histiocytes (Figs. 16, 17), chiefly in the intermediate sinus.
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Fig. 16: Lymph nodes with hemosiderin-laden histiocytes,
EVG 225 x

Fig. 17: Blood and hemosiderin accumulation in lymph nodes.
Interference contrast: 900x

3-Month Results

After 90 days of experiment, disseminated, sometimes confluent foci with alveolar septal
widening is seen, which are infiltrated with round cells in the lungs of the animals treated with
dust (Figs. 18, 19). Edematous swelling compresses the adjacent pulmonary parenchyma.
Fibrosis tendencies are not detectable in sometimes-atelectatic lung tissue (Fig. 20). The

peribronchial connective tissue is easily delimited relative to its surroundings.

The control animals also show blood-filled vessels, but not such distinct septal widening of the
alveoli (Fig. 21). The lymph nodes of the experimental animals, as well as those of the control

population, show no conspicuous features (Fig. 22).



Fig. 20: Peribronchial connective tissue and perivascular edema, EVG 180x
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Fig. 22: Inconspicuous lymph nodes of control animals after 3 months, HE 280x

8§-Month Results

In the preparations after 8 months of experiment, large-area zones of former pulmonary
parenchyma infiltrated with immune-competent cells are found. Former alveoli are filled with
macrophages, foam cells and polymorphonuclear leukocytes in Fig. 23.

In the EVG staining, these structures of collagen connective tissue are apparent (Fig. 24). In the
areas of massive septal widening, macrophages and foam cells with foreign body accumulation
are apparent (Fig. 25). These foreign bodies appear in polarizable light as bright spots (Fig. 26),
in which they might be the finest parts of the administered gypsum dust. A connective tissue
reaction was not detectable in these areas (Fig. 27).



Fig. 23: Polymorphonuclear leukocytes and foam cells in former pulmonary parenchyma,
HE 720x

Fig. 24: Fibrosis tendencies after 8 months of experiment,
EVG 720x

Fig. 25: Foam cells with foreign body accumulation, HE 900x




32

Fig. 27: Lung tissue 8 months after dust administration, EVG 225x
Relative to the control animals, no pathological delimitation is possible, except for signs of
alveolitis. The regional lymph nodes also do not show reactive changes relative to the control

animals.

18-month Results

After 18 months of experiment, the lung preparations of the animals treated with dust are
characterized by a confluent alveolar septal widening (Fig. 28). Often, bronchial fumina filled
with mucus and cell detritus are found (Figs. 29, 30), as well as inflammatory changes with
involvement of the pleura, consistent with a picture of pleuropneumonia (Fig. 31). Hemosiderin-
laden histiocytes are also apparent, which are peeled off in the alveolar lumen (Fig. 32). In
places, collagen connective tissue strands in atelectatic pulmonary parenchyma is also apparent,
which can be delimited easily from the peribronchial connective tissue (Fig. 33). The terminal

bronchioli also accumulate mucus and, in places, morphonuclear inflammatory cells (Fig. 34).
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The lymph nodes show hemosiderin-laden histiocytes situated mostly in the hili and medullary
septa (Fig. 35, 36), which are not as pronounced in the control preparations (Fig. 37, 38).

Fig. 28: Lung tissue 18 months after dust administration, HE 180x

Fig. 29: Bronchus with mucus and cell detritus, EVG 70x



Fig. 30: Peribronchial edema with obliterated bronchial lumen,
EVG 70x

Fig. 31: Fibrosis of the pleura visceralis, EVG 280x

Fig. 32: Peeled-off histiocytes in the alveolar lumen, HE 2800x
(oil immersion)

34
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Fig. 33: Fibrosis trends in atelectatic pulmonary tissue,
18 months after dust administration. EVG 180x

Fig. 34: Terminal bronchioli obliterated with mucus
HE 2250x (oil immersion)

Fig. 35: Lymph node with hemosiderin-laden histiocytes
HE 280x



Fig. 38: Detail of a lymph node from the control population after 18 months of experiment,
HE 1125x
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3.3  Results of Chemical Analyses

3.3.1 Detection of Heavy Metals in Flameless Atomic Absorption Spectrometry

Whereas aluminum quickly accumulates in the lung and has reached steady state after 18 months
of experiment (Fig. 39), the values in the liver are highly variable.

@wqm

i ©
WL !
!‘1 TaTe
Honteatie @
101961
= -~ —]

mﬂ
5004
Fri.
KWl

1 ) ' 8 raon @

Fig. 39: Aluminum analysis in the lungs (average values)

Key: 1 ug/g ash
2 Experimental animals
3 Control
4 18 months

In places, the control animals have a greater accumulation of aluminum than the experimental
animals (Fig. 40).
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Fig. 40: Aluminum analysis in the livers (average values)

Key: 1 ug/g ash
2 Experimental animals
3 Control
4 18 months

On the other hand, the kidneys show high retention values of aluminum and rapidly diminishing
values during the experiment, which correspond to those of the control animals (Fig. 41).
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Fig. 41: Aluminum analysis in the kidneys (average values)

Key: 1 ug/g ash



2 Experimental animals
3 Control
4 18 months

Chromium shows a rapid rise at the beginning of the experiment in the lungs and a continuous
drop during the experiment, but the control animals show a similar trend, so that an assertion

concerning the accumulation and excretion mode is not possible (Fig. 42).
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Fig. 42: Chromium analysis in the lungs (average values)

Key: 1 ng/g ash
2 Experimental animals
3 Control
4 18 months

In the lver after 30 days of experiment time, high retention of chromium is found, which has

dropped to normal values already after 8 months (Fig. 43).
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Fig. 43: Chromium analysis in the liver (average values)

Key: 1 ng/g ash
2 Experimental animals
3 Control
4 18 months

In the kidneys, the chromium analyses show scarcely usable results, since the control animals
always gave higher analysis values than the experimental animals.

However, a mechanism is conceivable here that could influence excretion of chromium and
another element in parallel (Fig. 44).
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Fig. 44: Chromium analysis in the kidneys (average values)

Key: 1 ug/g ash
2 Experimental animals
3 Control
4 18 months

Nickel also shows no tendency toward accumulation in the lungs. While the maximum retention
is observed after 3 months of experiment, the control values after 18 months show twice the
content of nickel as the experimental animals (Fig. 45).
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Fig. 45: Nickel analysis in the lungs (average values)
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In the liver and kidneys, nickel is already detectable one month after the beginning of the
experiment in high concentrations and continuously drops during the experiment. After 18
months, the nickel content has reached the level of the control animals (Figs. 46, 47).
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Fig. 46: Nickel analysis in the livers (average values)
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2 Experimental animals
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4 18 months
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Fig. 47: Nickel analysis in the kidneys (average values)

Key: 1 ug/g ash
2 Experimental animals
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Lead, with a special affinity for bone substance, accumulates in the femur in delayed fashion,

experiences a steady state and appears to be excreted again immediately (Fig. 48).
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Fig. 48: Accumulation of lead in the femur (the graph represents the average values)

Key: 1 ng/g ash
2 Experimental animals
3 Control
4 18 months

The fact that the animals treated with dust show lower concentrations of individual elements at

the end of the experiment than those of the control animals might be due to an overshoot reaction

of the body to eliminate greater potential of foreign substances.

The average values (x) and the standard deviations (s) of the individual elements and the

corresponding organs during the experiment, both of the experimental animals and the control

animals, are shown in Tables 5 and 6 in the Appendix.
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3.3.2 Hydroxyproline Content

The hydroxyproline content of the sample was extrapolated to 1 g dry weight of the entire lung
and gave an average fraction of x = 18.8 mg hydroxyproline per gram of lung dry weight, with a
standard deviation of § = 3.5 mg/g of lung dry weight after 18 months of experiment. The
control population shows only slight deviations (x = 15.8 £ 5.4 mg/g).

A conclusion concerning connective tissue proliferation cannot be clearly drawn from this result,
since even the contro! animals show an increase in hydroxyproline content relative to the
previously found values (Rosmanith 1984). In the histogram (Fig. 49), the average values are
graphed with the highest and lowest determined hydroxyproline value.
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Fig. 49: Average hydroxyproline content of lungs after 18 months of experiment

(average values with highest and lowest determined hydroxyproline value)
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4. Discussion

For an understanding of dust-related lung diseases, it must always be kept in mind that a stage
generally precedes them in which the body attempts to eliminate the inhaled dust in different
ways. There are two possibilities for the lungs to free itself of penetrated dust particles; the
nature of the dust then dictates which mode of lung cleaning is applied: elimination via the
bronchial tree or transport out via the lymph.

In this context, some comments will be made on the self-cleaning mechanism of the lungs.

The objective of self-cleaning of the lungs is to keep free the alveoli and alveolar wall, which are
important for gas exchange (Otto 1970).

The bronchial mucosa lies on a mucus film, which originates from the mucus glands and deeper
cells of the bronchial wall. This mucus is guided toward the mouth by the cilia of the ciliated
epithelium of the bronchial mucosa and can then be removed via the intestinal tract or
expectorated. With diminishing size of the dust particles and at maximum dust load, which
exceeds the capacity of the self-cleaning mechanism, more dust arrives in the deeper layers of
the respiratory tract, in which case the particles larger than 60 pm can penetrate into the bronchi
of the lower lobe and the very fine particles (0.5-5 um) tend to deposit in the basal parts of the
upper lobes of the lung (Kdnn et al., 1983). The actual transfer mechanism of dust particles into
the pulmonary interstitium is still very disputed. On the other hand, it is undisputed that
transport occurs. According to Klosterkotter (1936) and Spencer (1977), groups of alveolar
cover cells should form the base and induce an “alveolar ulcer” on this account. At this point, a
direct contact between the dust particles and the interstitial tissue would be present. In the repair
phase, increasingly more macrophages should appear here, which are covered by the reformed
alveolar cover cells. Part of the absorbed dust remains here in the interstitium of the lungs and
part is phagocytized by the macrophages and eliminated via the mucus film on the bronchi.
Another part is suspended in the lymph. This cleaning means transfer of dust from the lungs to
the lymph nodes. Depending on the nature and concentration of the dust, changes can occur here
(Konn et al., 1983; Strumeliev 1978).

In examining the technical literature, no publications are found concerned with the tolerability of
flue gas desulfurized gypsum. On the other hand, we are better informed concerning the inert
nature of natural calcium dusts (Delbeck 1972). However, the results can be compared only
conditionally with the results presented here, since the dust used here can have significant
contaminants, because of its industrial production, for which a fibrogenic or carcinogenic effect
is sometimes known or assumed.
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The histologic changes in the lungs and mediastinal lymph nodes presented different pictures
during the experiment: whereas after one and three months of experiment, the changes in the
lungs were primarily a picture of nonspecific, lymphocyte inflammatory reaction and moderate
alveolar septal widening, in the lymph nodes additional of histiocytes with hemosiderin storage
was found. Phagocytized dust was no longer detectable. Preparations of this fraction showed no
distinct differences relative to the control animals, so that these changes are considered to be a
nonspecific foreign body reaction.

The hemosiderin accumulation, both in lung tissue and in lymph nodes, however, suggests
bleeding that might be attributed to endothelial cell damage of the capillaries.

In the eight- and eighteen-month fraction, progression of the aforementioned changes is found
with distinct differences relative to the control group. Tendencies toward fibrosis are found in
isolated cases, mostly in the subpleural area with involvement of the visceral pleura. The
presence of subpleural emphysema changes, in addition to atelectatic lung tissue, was also
conspicuous.

Whether the outlined morphological changes represent a specific reaction of the elements
contained in the dust, like Al, Ni and Cr, cannot be stated with final certainty. It must also be
assumed that the aluminum can be assigned a protective effect with respect to development of
fibrosis. Aluminum aerosols in animal experiments showed a good prophylactic and therapeutic
effect in lungs altered by anthracosilicosis (Weller 1984). However, whether the concentration

in the administered dust is sufficient for a protective effect also remains an open question.

There are contradictory opinions in the literature concerning the pathogenetic significance of
nickel in interstitial pneumonia. Wehner (1979) could not find any significant histopathological
changes in fly ash aerosol concentrated with nickel in an animal experiment, whereas Wiernick
(1983) was able to demonstrate a change of alveolar macrophages after exposure to dissolved
nickel in an animal experiment.

To summarize, it can be stated that the flue gas desulfurization gypsum administered
intratracheally triggered a nonspecific inflammatory reaction that corresponds to an alveolitis.
However, the basic scheme that will justify a diagnosis of chronic interstitial pneumonia can be
recognized only with difficulty.
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Tn the florid stage, a cellular reaction and edematous widening of the alveolar septa can be found,
probably at the bottom of a capillary permeability disorder. However, distinct areas, in which
the alveoli are covered with pneumocytes II, cannot be detected. This change of the alveolar
epithelium, described as cuboid transformation, however, is evaluated as a characteristic
morphological substrate of interstitial pneumonia (Crystal et al., 1978).

However, there are other important characteristic changes during development of chronic
interstitial lung diseases that are similar to the changes found in animal experiments.

Interstitial lung diseases are characterized by chronic changes in the pulmonary parenchyma and
alveolar interstitium. According to Crystal (1981), alveolitis might be assigned a pathogenetic
key position here. A number of etiologically known and unknown toxins can lead to
inflammation of pulmonary alveoli in disposed organisms. The type, extent and progression of
subsequent lung tissue damage, however, are probably largely dependent on the number, cell
type and activation stage of the effector cells that cause the alveolitis (Crystal 1981). The
effector cells include macrophages, lymphocytes and granulocytes, which maintain homeostasis
of pulmonary tissue in the healthy organism. However, they can be stimulated and activated by a
wide variety of etiological toxins and, because of this, might have a direct effect by cytotoxicity

and an indirect effect by liberation of mediators and enzymes that cause damage to lung tissue.

T-lymphocytes, activated by antigen content, mediate migration of monocytes from blood
vessels into the pulmonary interstitium and their transformation to macrophages. Gadek et al.
(1980) was able to demonstrate that these activated macrophages can liberate a chemotactic
factor for neutrophil granulocytes. This causes accumulation and activation of neutrophils in the
pulmonary interstitium. Neutrophil granulocytes have high phagocytosis capacity and are rich in
hydrolases, like elastase and collagenase. If one starts from the idea that during a surface defect,
an imbalance can develop between macrophages and granulocytes in favor of granulocytes,
according to Hunninghake et al. (1979), the antiproteolytic system of the macrophages (bes-ot
antitrypsin) cannot compensate for the overshoot reaction of enzyme release from the
granulocytes. Owing to this relative o anti-trypsin deficiency, the destructive effect of elastase
can lead to destruction of the contractile elements of the intercellular substance. An
emphysematic change would be the consequence.

Activation of the complement system, as well as release of vasoactive substances, like serotonin

and histamine, cause throttling of capillary blood flow by edema and therefore tissue acidosis,
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which results in reduced cell synthesis performance. Less anti-atelectasis factors form, so that
atelectatic changes would be explained.

Since invasive diagnosis has been supplemented by less invasive methods, a larger patient group
has also been included with pulmonary framework diseases. With bronchoalveolar lavage
(BAL), a method became available that makes it possible to quantify cells that are striking in the
histologic preparation. Hunninghake et al. (1979) was able to demonstrate that in the BAL rinse
liquid in healthy persons, 90% of all cells represent alveolar macrophages, 7% lymphocytes and
fewer than 1% granulocytes are present. In patients with interstitial pneumonia, this cell picture
was characteristically altered. Relative to healthy subjects, a distinct drop in macrophages and a
distinet rise in lymphocyte population were found. Maller et al. (1984) were able to confirm
these results. In their study, three different disease pictures with known and unknown etiology
of interstitial pneumonia were investigated. Like Hunninghake, Méller observed a shift in favor
of lymphocytes in the differential cell count. The values of the cells in the BAL rinse liguid
were contrary to the results in peripheral blood.

The pathomechanism of lung framework disease might run according to the mechanism

described above, However, a prerequisite would be a permanent or an intermittent stimulation of

effector cells, so that alveolitis could be produced or maintained. Depending on the type,
duration and extent of the stimulus, as well as the immunologic reaction of the body, alveolitis
can have different quality and intensity. According to this concept, the degree of alveolitis
would dictate the magnitude of the lung tissue damage.

From this standpoint, the lymphocyte infiltrations detected after dust administration in animal
experiments in extensive areas of the pulmonary parenchyma must be devoted particular
attention, especially since the changes were detectable even after a single dust administration.
The development of chronic interstitial lung disease must therefore not be fully ruled out during
long-term exposure.

However, the extent to which these relations between alveolitis and the development of chronic
interstitial lung diseases can be confirmed is still a subject for future research.

R
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5. Summary

Large combustion plants, during combustion of fossil fuels, generate flue gases with sigmficant
amounts of sulfur dioxide. This is an environmental pollutant that must be removed from the
flue gases before they enter the atmosphere. Several methods are available to do this. In the
Federal Republic of Germany, the lime washing method has gained acceptance, in which the
sulfur dioxide is bonded to calcium and precipitates as gypsum. This so-called flue gas gypsum
finds extensive use as raw material in the construction industry.

[Two sentences illegible]

The medical aspects of possible pulmonary toxic effects are demonstrated in animal experiments.

All experimental animals were administered once a dust concentration of 25 mg in 0.5 mL
isotonic sodium chloride solution intratracheally. The animals were investigated at intervals of
one day, and one, three, eight and eighteen months.

The right upper lobes of the lung and the mediastinal lymph nodes were evaluated histologically
and the rest of the lungs, the liver, right kidney and right femur were analyzed chemically for
heavy metals, and a lung, after eighteen months in experiment, was investigated for increased
collagen formation.

With a light microscope, the dust was already no longer detectable after 24 h. During the
experiment at 18 months, no distinct pathological reaction could be delimited relative to the
control animals.

Overall, the histologic pictures of the lungs showed massive lymphocyte infiltrates with
disseminated, partially confluent foci of alveolar septal widening, consistent with a picture of
nonspecific alveolitis. These changes were detectable, both in the experimental animals in
pronounced form and in the control animals in weakened form.

Signs of granuloma development or even connective tissue reproduction in the sense of incipient
pulmonary fibrosis were not detectable in any of the histologic preparations.

Chemical analysis by flameless atomic absorption spectrometry also did not find increased
components of aluminum, chromium and nickel in the parenchymatous organs, like the lungs,
kidney and liver; lead showed a rapid accumulation tendency in the femur at the beginning of the
experiment and elimination after 18 months of experiment time.
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In the Ames mutagenicity test, the administered dust could not be clearly classified as mutagenic.

The dust that was used here can therefore be largely referred to as inert. However, this does not
mean that this dust is fully safe in terms of health, since the risk of permanent or intermittent
exposure is not considered in this work.

Should this dust be capable of supporting alveolitis over a certain time, the development ofa
chronic interstitial lung disease, as well as the hazard of malignant transformation, should not be

underestimated.

P
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Table 1: Global emission of SO, in 10°1 S/a
Source: Méller (1982)
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Table 2:

SO, annual emissions according to emitter groups in the Federal Republic of

Germany

Source: Federal Ministry of the Interior, 1984
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Table 3; Emission limit values of the 13™ Federal Immission Control Ordinance
Source: Federal Environmental Office 1983
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Other solid fuels
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Table 4: Temperature-time program during flameless atomic absorption spectrometry for
the elements being investigated
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Drying

Temperature

Ramp time

Hold time

Step 2

Thermal decomposition
Temperature

Ramp time

Hold time

Step 3

Thermal final treatment
Temperature

Ramp time

Hold time

Step 4

Atomization
Temperature

Ramp time

Hold time

Recording

Read

Gas flow (mL. Ar/min)
Step 5

Self-cleaning
Temperature

Ramp time

Hold time

Sample amount

Number of measurements

Absolute
Continuous
Low platform
Normal tube
Pyro tube
Printer
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Table 5: Aluminum, chromium, nickel and lead content in investigated organs one, three,

eight and eighteen months after dust administration. Average values and standard
deviations are stated.
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8 Lead
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10 Liver
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Time
Elements [illegible] mg/g of ash
Organs
Months
Aluminum
Chromium
Nickel
Lead

Lung
Liver
Kidneys
Femur
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1 INTRODUCTION

In coal power plants, various kinds of solid wastes arise. A significant portion of the amount of
the wastes is in the form of fly ash, which is separated with electric filters. In Finland, the
amount of fly ash produced is about 400,000 tons per year. Fly ash is used in the construction
industry, among other things, in the production of cement as an additive and filler for concrete.

When the emission restrictions set by the Desulfurization Law took effect in Finland in 1994,
several desulfurization plants were placed in use. Several hundred thousand tons of solid waste
are formed annually as their final product. The composition of desulfurization products varies
according to the technique used. The final product of desulfurization based on the wet method is
pure gypsum in the best case, with which the use of natural gypsum can be replaced, for example
in the production of plasterboards for the construction industry. The product from the semi-dry
method contains more sulfite, unreacted calcium compounds, and other impurities; it can be
used, e.g., in earth construction and in the production of concrete. The final product from the
Lifac method in use in the Inkoo power plant also contains the formed fly ash; in other words, it
consists of silicon, aluminum, and iron compounds in addition to sulfur and calcium compounds,
The use of the Lifac product has been studied, for example, in road beds.

Solid wastes formed in power plants can cause problems because of their large quantities. The
products must be stored, transported, and sorted. In all phases, the health and safety of workers
must also be taken into consideration, as well as not damaging the environment. This should be
guaranteed by investigating the chemical and physical characteristics of fly ash and
desulfurization products and by studying the health risks caused by different exposure methods
with the aid of toxicity tests. By using this information, correct handling and dumping methods
can be developed that are as risk-free as possible.

The purpose of this investigation was to study the toxicity of coal fly ash and various
desulfurization products by using results found in the literature and having toxicity tests made on
the samples obtained. The object of interest was especially the environmental damage in the
form of seepage waters caused by dumping materials.

2 DESULFURIZATION PRODUCTS AND FLY ASH



2.1 Origin and composition of desulfurization products
Desulfurization by the wet method

In the wet or gypsum method, a calcium-based wash sludge is sprayed into smoke gases in the
washer. The sulfite-sulfate sludge formed in consequence of reaction of limestone and sulfur
dioxide is acidified with air in such a way that the product is pure gypsum, calcium sulfate. The
gypsum is washed of chlorides, etc., and dried. In the process implemented in the gypsum
method, there is an effective separation of fly ash and possibly other additional cleanings. The
so-called wastewater removed from the water arising from washing gypsum and recycled wash
water is treated in wastewater purification plants, in which solid materials are removed,
including heavy metals. Desulfurization gypsum corresponds to natural gypsum in its chemical
characteristics.

[figure not in source document]
Other (CaS0;, CaCOs, Fe, Al, Si, etc.), 5%
Calcium sulfate, 95%

Figure 1. Composition of gypsum by the wet method.
Desulfurization by the semi-dry method

In the semi-dry method, a finely divided alkaline sludge is sprayed into the hot gas mixture in a
separate reactor; a calcium-hydroxide sludge prepared from calcium oxide and water is used
most commonly as the sludge. The amount of sludge is adjusted so that the entire quantity of
water contained in it has time to evaporate, in which case the reactor has a so-called dry base.
The product formed is separated by an electric or bag filter. In the method, there is often a
pre-separation of fly ash. The product of the semi-dry method is finely divided.
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Figure 2. Composition of final product from the semi-dry desulfurization method

Key: 1 Calcium sulfate, 5-15%
Other (Fe, Al, Si) 5%
Calcium chioride, 0.5-3%

3 Calcium carbonate 5-10%
4 Calcium hydroxide, 5-20%
5 Calcium sulfite, 50-70%

Desulfurization by the Lifac method (injection method)

In the Lifac method, finely ground limestone is injected into the combustion chamber of the
boiler. The calcium oxide formed reacts with sulfur dioxide, at which time calcium sulfite and
calcium sulfate are formed as a result of acidification. The injection product travels along with
the smoke gases through an air preheater to an activation reactor, in which the smoke gases are
moistened. At this time, unreacted calcium oxide from the combustion chamber is quenched to
calcium hydroxide, which reacts with remaining sulfur dioxide. The final product is separated
with an electric filter
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Figure 3. Composition of the Lifac product
Key: 1 Calcium sulfate, 8-15%
2 Calcium sulfite 1-3%
3 Calcium hydroxide, 10%
4 Calcium carbonate, 1-7%
5 Fly ash, 60-80%

2.2 Composition of fly ash

In Finland, about 350-400,000 tons of coal fly ash are formed annually. Fly ash consists mostly
of spherical particles of various sizes and of small needle-shaped crystals. The grain size of fly
ash varies between 2 and 400 um, which corresponds most closely to silt from mineral soils,
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-
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Figure 4. Composition of coal fly ash
Key: Si0,, 45-55%
evaporation loss, 1-10%
NaxO, 0-2%
K,0, 1-2%
MgO, 3-5%
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6 Ca0, 4-7%
7 Fez()}, 8-11%
8 AlLOs, 20-30%

2.3  Comparison of elements in various samples

The final products from the different desulfurization methods contain varying amounts of heavy
metals and other trace elements. The materials derive from the coal used as fuel and the
absorbent used, limestone or quicklime. Depending on the process, the elements leave in
different phases. For example, in the wet method, trace elements leave mainly along with the
sludge, wastewater, and gypsum formed in the wastewater-treatment plant. A significant portion
of boron, bromine, iodine, selenium, and mercury leaves in the gas phase into the atmosphere. In
Table 1, the element content of final products and fly ash from the desulfurization methods are in
parallel. For example, the heavy-metal and trace-element contents of gypsum are below 10 and
usually below 1 mg/kg; an exception is fluoride, which is below 100 mg/kg (R. Meij 1989).
Based on these results, the gypsum does not contain these elements in toxic concentrations.
According to the Dutch chemical-waste classification, the sludge formed in wastewater treatment
would be classified as a chemical waste, because of its selenium and fluoride concentrations. The
heavy-metal concentrations of fly ash are clearly higher than those of desulfurization products. If
the concentrations are compared with the maximum concentrations give for purification plants
used in agriculture (guideline 4/1991 of the Environmental Protection Section of the Ministry of
the Environment), there are excesses in the mercury concentration of the sludge and nickel in the
second Lifac [product].



Table 1. Elemental concentrations of various desulfurization products and fly ash

1§

GYPSUM | SLUDGE | LIFAC SEMI-DRY FLY
METHOD ASH
I 1 I I
| Ca% 24 23.9 10.7 13.7 30 26 2.5
S% 17.2 17.5 2.3 2.6 15.1 17.8 -
Si% 0.2 3.74 19.6 13.2 - 0.6 24
Al% 6.14 1.58 11.6 6.7 1.0 0.3 7.4
Fe% 8.37 1 0.77 5.4 34 0.6 0.2 5.3
| K% - - L6 12 = 0.08 1.7
Na% 1.34 0.14 4.1 0.6 1.2 1.2 0.8
Mg% 2.14 0.09 1.8 0.7 - - 1.0
Ti% 0.62 0.1 0.5 0.4 - - -
Cl% <0.50 0.1 0.3 1.1 0.3 2.6 -
F% 0.73 0.67 - - - - -
Asmgkg | 1.9 26 120 - 10 1 21
B mg/kg <3 79 - - - - -
Bamgkg |- o 1100 80 190 <100 1600
Bemgkg | <1 2.7 - - — - -
Brmg/kg | <0.19 7 - - - - -
Cd mg/kg | <0.05 0.3 <0.5 0.76 <5 0.5 <5
Comgkg |~ - 42 - 10 <4 39
Crmgkg | <3 33 150 77 <80 <100 170
Cumgkg |06 40 - 105 - - -
Hg mg/kg | <0.5 6 - - - - -
Mnmgkg | <2 276 420 200 430 100 430
Mo mg/kg | - - 17 8 30 <1 30
Nimgkg | <0.5 16 < 100 105 <50 < 100 110
Pbmgkg | 5.7 57 110 56.3 15 <1 80
Sbmg/kg | 0.12 3 7 - 1 <1 10
Scmg/kg |0.19 7.3 - - - - -
Semg/kg | <2 111 17 - 4 16 5
V mg/kg < 10 100 200 202 14 7 140
Umgkg <0.3 3.7 8 - 1 1 12
Znmgkg | <10 49 280 138 — 27 —
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- not analyzed
Samples:
0 Gypsum and sludge (from wastewater-treatment plant): R. Meij 1989
o Lifac I: Inkoo power plant, J. Ranta et al. 1990, Lifac II: Inkoo power plant, IVO
0 Semi-dry method [: Sédertiilje power plant, J. Ranta et al. 1990
Semi-dry method II: Salmisaari power plant, J. Ranta et al. 1990
0 Fly ash: Salmisaari power plant, J. Ranta et al. 1990

3 TOXICITY AND VARIOUS TEST METHODS IN GENERAL

31 Concepts of toxicology

Toxicology is a branch of science that studies substances foreign to living organisms and their
effects. By toxicity is meant the substance’s own ability to cause damage in the organism even in
small dosages.

There are various kinds of poisons. The are divided into acute, delayed, and chronic poisons. In
acute poisoning, exposure is brief and the poisonous substance is absorbed rapidly, upon which
the symptoms also appear rapidly. In a delayed poison, it takes several days or weeks for
symptoms to appear after one or more doses of the poison. Chronic poisoning covers repeated
exposures over a long period of time.

A poisonous substance has a local effect if it affects only the place where it comes into contact
with the organism, for example, skin, eyes, digestive tract, respiratory tracts. A substance has a
general or systemically acting effect when the toxic effect appears elsewhere than the place
where the substance first came into contact with the organism.

The reactions caused by a poisonous substance in the system are affected by physical and
chemical characteristics such as solubility, vapor pressure, ionization constant, chemical activity,
stability, and grain size. Factors connected with the test arrangement (absorption path, dosage,
administration rate, solvent, state, etc.), and biological factors, such as absorbance, distribution,

metabolism, excretion, animal species, and etc., also affect the organism’s reaction.

A toxic substance can travel into organisms through the digestive tract, respiratory tract, skin,
eyes, and blood-circulation system.
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The toxicity of substances can be evaluated with various limit values. EDsg (effective dose 50)
means the quantity of the substance (mg, g, mI/kg) that causes a particular effect on half of a
group of test animals, on average. The variable studied does not have to be mortality, as is
defined for LDs; (lethal dose 50), but, for example, vomiting, seizures, and changes in muscle
tension can be chosen. Limits causing toxicity can also be expressed as concentrations of
substances, in which case ECs and 1.Cs; values are used.

3.2 Test method for toxicity of seepage water

The toxicity-testing methods for wastewaters have been applied to toxicity testing of seepage
waters obtained from carbon fly ash and desulfurization products.

3.2.1 Various shaking and leachability tests

The leaching behavior of fly ash and desulfurization products is investigated by shaking, column,

and lysimetry tests. Seepage waters obtained by these methods are used in various dilutions as
test solutions in toxicity tests,

In a shaking test, a certain amount of solid matter is mixed with a certain amount of water in a
closed container, which is shaken. The composition of the leach solution (e.g. distilled water,
acidified water) and its quantity with respect to solid matter varies according to the shaking test
used. After shaking, the mixture is filtered, and the dissolved substances are determined from the
filtrate. In Table 2 there is a summary of the best known and most used shaking tests.

Some tests are connected with concentration standards with which the concentrations of harmful
substances in the test solution are compared. These guideline values are used, among other
things, in classifying problem waste and other waste and in evaluating the suitability of the
wastes for landfill. The concentration standards of different countries are not comparable to one
another, due to differences among methods and sample handling and test goals and application
targets.

The situation of a landfill is described best by a column test, in which the [each solution filtered
through the substance being studied and the seepage-water fractions formed are collected and
analyzed. In a lysimetry test, the substance being studied is placed in an outdoor vat, in which

case weather conditions are taken into account. Water samples can be taken from seepage water
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at the bottom of the vat, capillary water, and overtlow water. Column and lysimetry tests take

months, even years; shaking tests take hours or days.

Table 2. Shaking tests of various countries (L. Laitinen 1990)

GERMANY UNITED STATES SWEDEN
DEV-84 California EPA/EP EPA/TCLP | ENA
Liquid/solid 10:1 10:1 20:1 20:1 1.
ratio 4.8.12.16:1
2.1:1
Leach liquid Dastilled Citric acid Acetic acid 1. Acetic acid | Distilled
deionized + NaOH or water
water 2. Acetic acid
pH not set 4.5 5 not set (If the | 4
pH of the
dissolved
substance is
< 5, leach
solution 1 is
used,
otherwise 2.)
Number of 1 4 1 1 1 1
leachings 2. 4
Leaching time |24 h 2,6,14,and |24 h i18h 24h
30 days
Mixing not defined not defined | rate: 40 rpm | rate: 30 rpm | not defined

Effect of the solvent used in the shaking test on toxicity

Various leaching solutions can be used in the shaking tests, for example, ion-exchanged or

distilled water, sodium-acetate solution, and water acidified with sulfuric acid. The composition

of the leaching solution affects, along with the shaking method and time, the amount of

substances leached and thereby the toxicity of the solution. S. A. Peterson et al. (1990) studied

the toxicity of leached shaking solutions from municipal and industrial waste with

sodium-acetate solution and ion-exchanged water. The shakings were performed following the
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TCLP (Toxicity Characteristic Leaching Procedure) shaking test, in which a sodium-acetate
solution was used specifically as the leach solution. The toxicity of the leaching solutions alone
was also tested. The test species used in the toxicity tests were the green algae Selenastrum
capricornutum, the water flea Daphnia magna, the lettuce Lactuca sativa, and the bacterium
Photobacterium phosphoreum. The sodium-acetate solution, the pH of which was 5.0, was very
toxic to all test organisms; for example, an LCsg value of 7.6% was obtained for D. magna, and
an ECsg value of 0.5% was obtained for green algae. The tolerance values for pH in the test
species are between 6 and 10. Changing the pH to 7.0 (with 0.1N NaOH) reduced the toxicity by
about 2.5 times for both the green algae and lettuce, and about 6 times for the water flea. Taken
generally, the toxic effects of TCLP leach solutions were much greater on the algae, water flea,
and lettuce than those of solutions obtained with seepage water. The increased toxic effect is
difficult to explain, since toxicity due to the leach solution itself and toxicity to the test species
caused by the substances leached from the waste cannot be separated from each other. The more
acidic sodium-acetate solution dissolves certain metals better. According to the study, the use of
water as a leach solution would reduce possible positive toxicity results as compared to the
TCLP leach solution.

In the EPRI study (1. P. Murarka and D. Friedman 1988), differences in dissolving substances
were compared for two shaking tests, EP and TCLP. It was noted in the study that concentrations
are generally greater in TCLP shaking than in EP shaking. This is presumed to be due to
differences in the leach solutions (acetic acid in EP and either acetic acid or an acetate buffer in
TCLP) and to the lack of pH regulation during TCLP shaking. In another study (L. P. Jackson
and S. Sorini 1987), in which the results given by these shaking tests were also compared, it was
observed that TCLP shaking dissolved larger concentrations of silver, arsenic, and chromium
from the same wastes, whereas with the EP test, larges concentrations of barium were obtained.
Mentioned advantages of TCLP shaking were better reproducibility, easier performance of the
work, and shorter shaking time compared to the EP test (Electric Power Research Inst. 1986).

3.2.2  Toxicity of waters

Poisonous substances appearing in wastewaters rarely cause direct toxicity in humans, but they
can cause damage to the human environment. Toxicity is usually due to the combined effect of
many compounds, so in addition to chemical analyses, biological testing methods are also to be
used in testing wastewaters. Toxicity tests of wastewaters can be divided into lethal and
sub-lethal tests.
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In lethal tests, the mortality of test organisms is usually proportional to the poison concentration
of the wastewaters and to the length of the exposure time. Fish, animal plankton (water fleas),
clams, shrimp, etc., can be used as test organisms in lethal tests. In sub-lethal tests, we generally
strive to investigate the nature of the toxic effect and to look for the concentration at which toxic
effects are not longer observable (safe concentration). Sub-lethal tests are generally done in a
laboratory with fish. These tests include biochemical, physiological, histochemical, growth,
behavior, activity, and life-cycle testing, as well as studying the danger of taste errors and
nutrients. The toxicity of wastewaters can also be studies with algae tests, which are often
so-called short-term tests, and bacterial tests (decomposition bacteria).

Ecosystem models have been used in investigating travel through the food chain. Poison
enrichment in the food chain can be observed with the aid of chemical analyses. In addition to
this, however, we should always also study the biological effects of the observed poison
concentrations.

3.2.3 Daphnia magna test

With this test (SFS 5062), the acute toxicity of substances in the form of aqueous solutions is
studied on the water flea, Daphnia magna. The goal of the water-flea test is to determine the
ECsy (24 h) value of the solution being studied (effective concentration 50%). This is the
concentration that makes half of the test animals unable to move within 24 h. If necessary, the
concentration that makes half of the test animals unable to move within 48 h, in other words
ECsy (48 h), can also be determined.

In the tests, a series of dilutions of the aqueous solution to be studied is prepared in test tubes.
Water tleas are pipetted along with the last dilution water. The test is performed at the same
lighting and temperature (20-22°C) as where the water fleas were raised. Their ability to move is
considered to have been lost when they do not move in 15 sec in spite of the test containers being
swung carefully. To calculate the ECsg values, dilutions are used in which the proportion of
moving water fleas is between 10% and 90%. A so-called graphic method can also be used to
determine the ECsp value.

3.2.4 Rainbow trout test

With this test (SFS 5073), we are able to determine the acute lethal toxicity of a sample being

studied on rainbow trout. The result obtained cannot be generalized to other fish species, because
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of metabolic differences. This is generally used for a rough characterization of the toxicity of a
substance and as a preliminary test for longer-term tests.

In the test, a static or semi-static test arrangement is used. In a static arrangement, the solution
being studied is not changed during the test. This method is applied only to samples that are
constant over the entire test period. In a semi-static test, some of the solution being studied is
replaced daily.

In the test, a dilution series is made in aquariums, in such a way that there is at least 1 L of test
solution per kilo of fish. In each dilution there are 10 rainbow trout. With the static method, the
48-hour LCsg value is determined for the solution being studied that kills half of the test fish
within 48 h. In the semi-static method, the concentration is determined that kills half of the test
fish within 96 hours (LCs; 96 h).

3.2.5 Toxicity test and with algae-free cultures

Algae have been observed to be sensitive indicators of toxic effects. With this test (SFS 5072),
the toxic effect on green algae is measured. A growing one-cell green-algae culture is added to
chemical and wastewater dilutions of a nutrient solution or water-system water and to a control
solution, the growth or carbon absorption of which is monitored under constant conditions for 3
(4) days. A reduction in the growth or carbon absorption of algae in comparison to the growth of
a control culture growing under the same conditions without the wastewater or substance being
studied is called inhibition. Growth is measured in volume units of growth in the number of cells
and absorption is measured by the binding of radioactive carbon. The result of the algae test is
also atfected by factors other than actual toxic compounds. The color and particles of the
wastewater or substance being studied can slow the growth of algae. On the other hand, nutrients
in the wastewater being studied, for example, can increase growth. In this case the ratio of

inhibiting and stimulating factors is measured in practice in the test
3.2.6 Mutagenicity with the Ames test

By mutagenicity of the substance being studied is meant a change caused by the substance in the
hereditary population. The best known short-term test of mutagenicity is the Ames test, In it,
strains of the bacterium Salmonella typhimurium, which needs histidine as a growth factor, are
used as test organisms. In the test, the substance to be studied, a bacteria suspension, and a liver
homogenate are pipetted into agar tubes, mixed, and poured into agar cups with a minimum of
glucose. The cups are grown for 2 days at +37°C, Then the revertant sites are counted and

compared to the controls. A dosage-response curve is drawn from the results, the slope of which
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can be used as a measure of mutagenicity. Results from water samples are expressed as the
number of mutation sites (revertants/mL of water).

Other microorganisms used in testing mutagenicity include Escherichia coli bacteria and
Sacharomyces cervisiae yeast. A pure microbe test is not sufficient to demonstrate gene toxicity
of chemicals, but several different in vivo and in vitro tests have been developed for this purpose
with mammals and isolated mammalian cells.

3.3 Other methods used in testing the toxicity of wastes

Evaluating the soil effects of organic and inorganic substances contained in wastewater
with earthworms

The fauna in soil are varied, which makes it difficult to evaluate the effects of wastes on the
ecosystem of the soil. The earthworm (Eisenia fetida) is very common in soil, and it is easy to
grow large numbers of them. For this reason, it has been used in evaluating the biological effects
of wastes on soil. There are two test forms: the contact test and the artificial-soil test. The contact
test lasts 48 h, and in it, we use adult worms, a small glass dish, and filter paper, onto which the
chemical or waste to be tested is placed. The purpose of the test is to achieve close contact
between the worms and the chemical, as in soil. With this method, the relative toxicity of the
chemical or waste can be evaluated rapidly on the basis of skin absorption.

[n another test method, a mixture of sand, kaolin, peat, and calcium carbonate is used as an
artificial soil. The test material in various concentrations and adult earth worms are added to this
mixture, and the survival of the worms is evaluated after two weeks. In this, exposure occurs
through skin absorption and food digestion.

On the basis of these studies, the following can be noted:

- earthworms can be used to classify different chemicals with great precision,

- with the earthworm test, the biological effects on soil of chemicals contained in wastes
can be evaluated,

- earthworms can be used to classify the effects of chemical groups and certain chemicals,
- with these tests, a relative toxicity for the chemicals can be obtained that is comparable to
that of rat tests.

(E. F. Neuhauser et al. 1986)
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4 LEACHABILITY OF DESULFURIZATION PRODUCTS AND FLY ASH

Environmental damage from desulfurization products and fly ash derives from substances
leached from them that are spread along with rainwater into the environment of the storage site,
especially into surface and groundwaters. Dissolved concentrations can have especially harmful
effects on the environment. Damage caused to humans derives mainly from the danger of
polluted groundwaters. The size and number of injuries depend on both the leached substances

and special features of the storage site and its environment.

In estimating the environmental effects that may be caused by fly ash and desulfurization
products, the following are to be taken into account:

- substances that are leached from the waste and their concentrations in seepage water,
- quantity of seepage waters,

- transport paths of seepage waters,

- possible binding of harmful substances contained in seepage waters to soil or rock,

- dilution of seepage waters in surface and groundwaters,

- locations of water intakes,

- largest permitted concentrations in drinking water, and

- tolerance of the environment.

Many different leachability tests have been conducted for desulfurization products and fly ash,
about which much information is found in the literature. There is not much researched
information on the effects of leached substances on the environment. Because desulfurization
products are fairly new, no longer-term experience exists with placing them in the ground.

The amount of substances leached into water depends, among other things, on the structure of
the {ly ash and desulfurization product and the chemical bonds contained in them and the
chemical environment of the leaching event. In general, loosely bound compounds such as
oxides, carbonates, halides, and sulfates probably dissolve from the surface at the beginning of
leaching, along with metals and trace elements bound to them. Leaching then continues with the
break-down and decomposition of the more resistant phases. The pH of the water is one of the
most important factors affecting leaching: leaching increases as acidity increases. As the particle
size of ash goes down, in which case the free surface of the particles increases, leaching also
increases (E. Panula-Nikkild and M. Aijild 1986: from various sources).

For example, in Denmark, the quality of seepage waters from waste has been investigated by the
semi-dry method and substances leaching from gypsum have been investigated by both the
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column and lysimetry methods and the wet method. With the same L/S (liquid/solid) ratios, the
results obtained varied between the column and lysimetry methods, which is presumed to be due
to pozzolana hardening reactions. In long-term lysimetry tests, the sample has time to harden,
whereas in column tests, seepage events lasting up to thousands of years are simulated in a few
months, in which case the pozzolana reaction does not have time to occur. Higher concentrations
were indeed measured in seepage waters in column tests than from seepage waters in lysimetry
tests. In Table 3, there are estimates of the quality of the first seepage waters formed at the
storage site (J. Ranta et al. 1987, Hjelmar 1983).

Table 3, Substances leached from desulfurization products and fly ash and their

concentrations
| CONCENTRATION | GYPSUM FROM, PRODUCT FROM COAL FLY ASH,
RANGE, mg/L WET METHOD, L/S | SEMI-DRY L/S 0.03-0.07
0.00-0.1 METHOD, L/S (lysimetry test)
(colamn test) - 0.08-0.12
(lysimetry test)
> 100 SO4%, CI, Na, Ca, Mg | SO47, CI', Na, K, NOy | SO4*, CI, Na, K
+NOy
10-100 K Ca, Cr, Mo, V Cr, Mo
1-10 NOy +NOy, F NH,", Mg B,Ca,V
0.1-1 NH;", B, Zn F,B,Ba NH;", NO3™+ NOy,
PO, F, Mg, As,
Ba, Se
0.001-0.1 PO4*, Ba, Cr, Mo, Se, | As, Ni, Se, Zn
Vv
0.001-0.01 A, Cd, Cu, Ni, Pb PO, Cu
<0.001 Hg Cd, Co, Hg, Pb Hg, Cd

In these estimates, the largest concentrations were of sulfates, calcium, chlorides, sodium and
potassium. Of the substances harmful to the environment, such as arsenic, chromium, selenium,

and molybdenum, the concentrations were small in the first seepage waters, and no significant
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amounts of other heavy metals were found. The concentrations of harmful metals were smaller in
seepage waters from desulfurization products, especially gypsum, than in seepage waters from
fly ash. Also in shaking tests (Kol-Hilsa-Milj6 project 1983), larger concentrations were found
for fly ash than for desulfurization products.

Hjelmar has estimated the average compositions of desulfurization products during the first
hundred years from when seepage waters start to form at the storage site (Table 4). In these, the
seepage-water product from the semi-dry method contains larger concentrations of arsenic,
chromium, molybdenum, and vanadium, etc., than seepage waters from desulfurization gypsum,
which is due to the different total amounts of the substances in question in the products.
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Table 4. Estimated quality of seepage waters during the first hundred years of formation of

seepage waters (O. Hjelmar)

Product from semi-dry

Desulfurization gypsum from

mg/L method (contains about 60% | dry method
fly ash)
pH 12% 7
Solid-matter content 7000 3300
Alkalinity, meg/L 50%* 0.8
Sulfate 2600 1700
Fluoride 1.7 9
Chloride 280 350
Total nitrogen 280 1.5
Boron 0.4 0.2
Sodium - 1800* 180
Potassium 190 18
Calcium 820* 640
Magnesium 150* 90
Arsenic 0.01 0.0009
Barium 0.36 0.06
Cadmium 0.00007 0.006
Chromium & 0.01
Copper 0.06 0.005
Mercury <0.0001 <0.0001
Molybdenum 7 0.05
Nickel 0.007 0.002
Lead <0.005 0.0007
Selenium 0.08 0.01
Vanadium 6 0.1
Zinc 0.006 0.07

* value uncertain
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Comparison of results of leachability tests

The results obtained form the leachability tests can be compared, for example, with

corresponding concentrations from pure natural waters or with concentrations of surface and
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groundwaters at the storage site. Limit values for household water are also used for comparison.

In comparing these values, it is to be noted that seepage water from wastes was not intended to

be used

Table 5. Quality requirements for houschold water and landfill-suitability criteria in

different countries

Household | Household GERMANY USA | SWITZERLA | Limits
mg/L water, water, landfili-suitability criteria for wastes EPA/ | ND, landfill for water
FINLAND | GERMANY EP classification fauna
i1 If2 I3 spec. If | and If'i 1£2
TCLP
pH 6.5-8.8 6.5-9.5+0.1 | 55-10 | 5.5-1 | 55-12 | 4-13 - 6-11 6-11 | 6.5-8
2
conductivity - - <100 | <300 |- 10 - —~ - 150
{mS/m)
CODe, 3.0% (Mn} | - 20 30 - - - - o 10
| (mg Ox/L)
permanganate 2% - - - - - - - - -
number,
KMNO,
Water-soluble - - - - - 10% - 0.5% 5% |~
portion
aluminum 0.2% 0.2 - - - - - 1.0 10 -
ammonia - - 0.08 4.1 - - - 0.5 5 -
{mg N/L)
ammonium 0.5% 0.5 - - - 1000 - - - £.02
antimony - - 0.05 0.1 1.0 - - - - -
arsetic 0.03 0.04 0.05 0.1 1.0 - 50 0.01 0.1 0.05
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barium - - 1.0 1.0 5.0 - 106 0.3 5.0 1 0.001
beryilium - - 0.004 | .005 | 0.05 - - - - -
boron - - 1.0 1.0 10.0 - - - - -
mercury 0.001 0.001 0.001 | 0.005 | 0.05 0.1 0.2 0.003 0.0t | 10"
fluoride 1.5 1.5 1.5 5.0 20.0 50 - 1.0 10 -

- phosphate 0.1 (P)* - 1.6 33 - - - i 16 0.1 (P)
silver - - 0.01 0.1 0.5 - 5.0 0.01 0.1 0.01
cadriium 0.005 0.005 0.005 ;005 0.3 0.5 1.0 0.01 0.1 0.2
chloride 100* - 200 350 - 6000 - - - -

Household | Household GERMANY USA | SWITZERLA | Limits
mg/L water, water, landfill-suitability criteria for wastes EPA/ | ND, landfili for water

FINLAND | GERMANY EP classification fauna

If1 1f2 If3 spec. | and ifl If2
if TCLP

cobalt - o 0.05 0.3 2.0 - - 0.05 0.5 -
chromium 0.05 0.05 0.05 1.0 16.6 0.5 5.0 0.01 0.1 0.04
{total) Vi Vi VI \2
copper 0.3% - 0.1 1.0 10.0 10 - 0.2 0.5 0.005
lead 0.05 0.04 0.05 0.5 2.0 2.0 5.0 0.1 1 0.03
manganese 0.1* 0.035 0.5 1.0 - - - - - 0.2
molybdenum - - - — - — - - - -




25

sodium 150* - - - - - - - - -
nicke! 0.05 0.05 0.05 0.5 10.0 2.0 - 0.2 2.0 0.0253
nitrate 25 50 113 22.6 - - - - . 5
nitrite 0.1 - 0,15 0.3 - 30 - 0.1 1.0 1
iron 0.2* 6.2 1.0 2.0 - — — - - 0.3
zine 3.0% 20 0.1 3.0 10.0 10 - 0.5 5.0 0.03
selenium 0.01 - 0.0l | 0.05 0.5 - o |- - 0.005
sulfate 100* 240 250 500 - 5000 | — - - -
sulfide - - - - - - — 0.01 0.1 0.02
sulfite = - - - - - - 01 1.0 -
cyanide (total) | 0.05 0.05 0.05 0.5 20.0 Pvap. | — 0.01 0.1 0.005
vap. vap.
thallium - - 0.01 0.1 2.0 — - - - -
tin - - 0.5 0.5 10.0 - - 0.2 2.0 -
vanadium - - 0.05 0.2 2.0 - - - - -~
carbon 0.003 - - - -~ 0.07 - — - -
tetrachloride,
CCly
chlorophenols 0.01 - - - - - - - - 0.601
pesticides WHO — - - - — - 0.005 | 0.005 | -
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guidelines
mineral oils 0.05% - - — -
quantity of 3.5% 200 20 50 -
organic carbon,
TOC
* quality goals

- limit value not defined
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Sources:

0 Household water, Finland (General letter No. 1977, Drug Administration, 1991)

0 Household water, Germany

0 Landfill-suitability criteria for wastes, Germany (D. von Fischer and W. Schenkel 1990);

according to DEV-84 shaking

0 USA EPA/EP and TCLP (L. Laitinen 1990)

0 Switzerland landfill-suitability criteria (D. von Fischer and W. Schenkel 1990: If' 1,
landfill for inert wastes, If 2 landfill for residual materials. Shaking solution: carbonated water,
2 x 24 h, average of solution concentrations (24, 48 h)

0 Concentrations of substances contained in water favorable to water fauna: Environment
Canada. 1980. References to the quality of waters. Guide to water-quality parameters.
Environment Canada. General Department of Interior Waters, Ottawa.

as household water. In some countries, concentration standards and guidelines connected with
shaking tests for wastes have been given. The values of different countries are not comparable to
one another, because, among other reasons, test methods and sample handling differ among
themselves. Landfill-suitability guidelines have also been used according to the danger of the
wastes. In Table 5, quality requirements in Finland and German given for household water and
limit values used in various countries in interpreting the results of shaking tests have been
collected. In addition, guidelines given in Canada to protect water fauna are there.

4.2 Results of leachability tests
4.2.1 Desulfurization products

In a German study (FL. J. Einbrodt and D. Prajsnar 1988), substances leaching from natural
gypsum and desulfurization gypsum were studied. Solubility tests were performed at 40°C from
dried samples according to the German shaking test (DEV-84). In it, 100-g samples were mixed
into a liter of ion-exchanged water and shaken for 24 h. In another shaking test, water acidified
with carbonic acid was used as the leaching solution (pH 4.1-4.5). The results are in Table 6. The
solubility of the samples varied between 2.2 and 2.4%. Differences between natural and
desulfurization gypsum are in the quantity of dissolved fluoride, which exceeds the limits given
for household water in shaking tests of desulfurization gypsum. Quantities of soluble sulfate are
large in both samples, which, according to the German classification, would lead to the gypsum
being placed in a special landfill (limit: < 5000 mg/L). Concentrations of heavy metals were

small and stayed below the limit values. Mercury quantities were near the limits in this study,
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however. Manganese concentrations also exceeded the limits clearly, but this was not considered
dangerous in the study, because manganese is important for humans as an enzyme activator.
Based on the study, it can be noted that leachable substances from natural gypsum and
desulfurization gypsum do not cause damage to soil and drinking water according to present
knowledge, and thus they are not harmful to humans.
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Table 6. Concentrations of substances leachable from natural gypsum and desulfurization

_gypsum compared to household-water standards (H. J. Einbrodt and D. Prajsnar, 1988)

NATURAL GYPSUM | DESULFURIZATION HOUSEHOLD-WATER
mg/L GYPSUM STANDARDS, mg/L
mg/L

Averag | Range Average Range FINLAND | GERMANY
) |

pH 6.61 <6-7.62 6.63 <6-17.51 6.5-8.8 6.5-95+0.1

SO4& | 1466 1362 — 1534 1411 1351 - 1470 | 100* 240

CN {0.01 n.n. —0.06 0.01 n.n. — 0.08 0.05 0.05

F 2.7 0.2-5.0 6.3 0.5-11.0 1.5 1.5

NO;y |55 <5.0-12.0 3.7 0.3 13.6 25 50

PO | 0.15 <0.15-021 | <0.15 <0.15-0.18 | 0.1 (P)* -

cr 3.6 <2.0-226 93 n.n. - 20.0 100* -

NH; 106 <0.1-5.5 0.3 0.1 ~0.6 0.5* 0.5

Al 0.002 |~ 0.12 - 0.2* 0.2

Fe 0.001 - 0.001 - 0.2* 0.2

K - 0.11 -0.30 - - 12

Mg | 0.004 |- 0.007 0.77-1.23 - 50

Mn (0.01 - = 0.40 - 0.82 0.1* 0.05

Na - 1.24 - 2.25 - 1.24 225 150* 150

Pb - n.n. —0.002 0.006 n.n. —0.019 0.05 0.04

Cd - nn, —<0.001 | 0.002 nn. —0.006 | 0.005 0.005

Ni - nn. —<0.001 | 0.018 0.001 - 0.058 | 0.05 0.05

Cr - <0.001 - 0.005 | 0.005 0.001 - 0.013 {1 0.05 0.05

Zn - 0.043 - 0.130 | 0.290 0.037 - 0.692 | 3.0* 20

Hg = <0.001 0.001 nn —0.002 | 0.001 0.001

As - n.n, 0.001 0.001 - 0.002 } 0.05 0.04

* recommendations

- result not reported/Limit value not defined

nn  below limits of determination

In Table 7, results of leaching tests of desulfurization products taken from the literature have

heen collected.
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In Sweden, the product from the semi-dry desulfurization method (A1, A2 in the table) and a
stabilized product (A3, A4) have been studied. The solution obtained as a result of shakings was
alkaline. Chloride concentrations were high in solutions of desulfurization prodﬁcts, and they
even exceeded the limit value (100 mg/L) set for household water by four thousand times.
Chloride appears in the product as easily soluble calcium chloride.

The chloride quantities that leached from a mixture of fly ash and desulfurization product (A3,
A4) were significantly smaller. The concentrations of soluble sulfate were small from the
semi-dry desulfurization product compared, for example, to the concentrations in cement and fly
ash (3000 and 1000 mg/L). Heavy-metal concentrations were low, instead.

The effect of stabilization on the leachability of substances appears good from the product of the
semi-dry method (B1, B2) in the EP shaking test performed (E. Jons 1984: EPRI). Trace-element
concentrations were 5-10 times smaller in the stabilized product than in the plain desulfurization
product. Concentrations are small, in general.

Table 7. Results of desulfurization leachability tests collected from the literature

product from semi-dry method product from semi-dry { Product
mg/L. method from dry

Al A2 A3 A4 Bl B2 method, C
pH — - — - — - 12.5
aluminum | - — - — 1.3 <0.05 -
antimony | — - - - <().2 <(0.03 -
arsenic 0.057 <0.15 <0.030 <0.15 <().003 <0.003 <(.001
barium 1.1 1.6 0.19 0.75 0.93 0.47 2.4
beryllium | 0.001 <0.01 <0.001 <0.01 <(0.003 <0.0005 |-
boron — - — — 1.4 0.82 4.2
mercury - - — — 0.0017 0.0003 <0.0002
fluoride - ~ - - - - 1.4
phosphate | 260 (P) | 44 (P) 0.8 (P) 1.7(P) - — -

 silver - - - - <0.01 <0.002 | <0.0005

cadmium | 0.010 <0.03 <0.005 <0.03 <0.0005 | <0.0005 | <0.0002
chloride 12800 36900 440 385 - - 49.9
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product from semi-dry method product from Product
mg/L | semi-dry method from dry
Al A2 A3 Ad B1 1 B2 method,
C
cobalt 0.009 <0.02 <0.003 0.03 <(0.03 <0.006 -
chromium 0.073 <0.04 0.10 0.25 <0.005 <(0.011 0.1
copper 0.78 <0.03 0.16 <(0.03 0.019 <0.001 <0.1
lead 0.12 1.8 <(.050 1.8 <0.002 <0.002 —
manganese | 0.002 (0.013 0.003 0.02 4.1 0.09 -
molybdenum | 0.025 002 |13 0.28 0.52 0.056 |-
nickel <0002 0.10 <0.02 | <0.10 0.10 0.006 -
nitrate - — — - - - 0.1-6 (N)
nitrite - - ~ - - - 0.004 (N)
iron 0.17 5.7 0.04 0.045 0.084 0.019 <0.1
zine 0.01 <0.01 0.04 <0.01 <0.02 <{(.003 -
selenium — — — - 0.01 <0.003 0.012
sulfate 430 168 1260 312 - -~ 1250
cyanide — - - - - - <0.02
thallium - - - - <0.4 <(.09 -
tin — — — - <(0.6 <0.1 -
vanadium — 0.09 - 0.12 0.70 0.12 —
calcium 7300 9900 1360 1034 2300 110 -
potassium 540 503 70 89 9.5 2.3 -
lithium 0.20 0.19 1.2 2.3 - — —
magnesium | 0.46 1015 0.16 0.83 0.002 3.2 -
sodium 60 68 52 71 17 10 -
strontium 9.3 16 3.5 3.8 16 1.5 -
titanium - — - — <0.02 <0.005 -

- not determined/not reported

Sources:

oA I Hartien, et al. 1986: Maximum concentrations, shaking test.

Final products 1 and 2 from semi-dry method, Sodertélje.
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Stabilized final products 3 (80% FGD/20% FA) and 4 (70% FGD/30% FA), Niro
Copenhagen.
0B E. Jons 1984: EP shaking test (EPRI). Final product from semi-dry method.

I not stabilized, 2 stabilized.
o C  Z.Zhouand R. Dayal 1990: water as shaking solution, L/S 10. Product from dry method
{LIF), Ontario.
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Zhou and Daval have studied the product of the dry desulfurization method (C) with a
leachability test that corresponds to the German DEV-84 shaking test when the leaching solution
was water. These values were compared to the Canadian limit values for dangerous wastes (for
example, As <5 mg/L, Cd <0.5 mg/L, Cr <0.5 mg/L), which they were clearly below. The
product can thus be considered not dangerous within the framework of these criteria.

The VTT [Technical Research Center of Finland] has studied substances leachable from the
desulfurization product of the semi-dry method with column and shaking tests (J. Ranta et al.
1990). The samples were from the Salmisaari power plant and from Sédertilje. Leachability tests
were make with a mixture of the product from the semi-dry method and fly ash (ratios 65:35 and
50:30). The pH of the seepage waters varied between 10 and 12.5, and the main components
were calcium), sulfate, chloride, and nitrite/nitrate. Their concentrations clearly exceeded the
limit values permitted for household water, for example. The concentrations of harmful metals
were small, generally below 1 mg/L and below the household-water standards, except for
chromium in a few sample solutions. More chromium and molybdenum also leached from the
desulfurization product than from the usual construction materials used as comparison materials.
Leaching of metals decreased clearly over time as the material hardened.

In a broad American study of solid wastes, the leachability of solid wastes arising from
fluidized-bed combustion and desulfurization (G. M. Kaszynski and S. T. Helm 1987) was
studied. On the basis of the results of numerous leachability tests (including EP), no large
amounts of harmful substances leached from the samples, and the concentrations were below the
limits of the RCRA (Resource Conservation and Recovery Act). RCRA has given limit values
for either heavy metals (As, Ba, Cd, Cr, Pb, Hg, Se, and Ag) that are 100 times the concentration
of the drinking-water standard. Also according to another study (R. D. Achord et al. 1990), ashes
arising from fluidized-bed combustion and desulfurization can be classified as not dangerous. In
it, leachability of the samples was studied with the EP, TCLP, and ASTM shaking tests.

In the chemistry laboratory of Imatra Power, substances that leach from gypsum from the wet
method were also studied with shaking tests. The samples were obtained from the Netherlands
and Denmark. Shakings were done on the Dutch sample according to the ENA test. From the
Danish sample, the maximum concentrations were determined with the ENA test (1/S 1:1).
Shaking was done on both according to the German DEV-84 shaking test (L/S 10:1, Ix24 h). In
all shakings, water acidified with carbon dioxide (pH about 4) was used as the leach solution.
The results of the shakings are in Table 8.



Table 8. Results of shakings of gypsum from the wet method (IVO)
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Gypsum from the wet method (Dutch) (Danish)
mg/L L/S L/S

1:1 4:1 8:1 12:1 16:1 16:1 1:1 10:1
pH 7.7 6.2 6.0 5.8 5.6 6 7.3 6.9
conductivity | 276 243 236 236 232 263 320 250
(mS/m)
aluminum 1.02 9.82 17.9 7.97 5.47 8.2 0.413 | 0.100
ammonium | 0.07 0.37 0.45 0.47 0.43 0.30 0.14 0.28
arsenic <0.005 |~ - - - <0.005 | <0.005 | <0.005
barium 0.051 0.073 0.074 |0.063 |0.049 <0.7 <0.5 <(.5
mercury <(.0001 | ~ - - - <0.0001 § 0.0005 {0.0001
fluoride 7.4 - - - - 12.5 5.1 4.8
phosphate 0.016 0.037 0.046 {0.05 0.019 <0.1 0.02 0.06
cadmium <0.0001 | <0.0001 | 0.0003 | 0.0001 | 0.0002 | <0.0003 | <0.0003 | 0.0015
chloride 47.6 10.9 0.63 0.29 0.41 10.0 335 23
chromium 0.015 0.017 0.019 ;0.019 |0.008 0.006 0.002 <0.001
copper 0.005 0.009 0.013 | 0.021 |0.024 0.008 0.037 0.031
lead 0.001 0.001 0.002 }0.002 |0.001 <0.005 | <0.005 | <0.005
manganese | 0.87 0.80 0.43 0.31 0.15 0.37 0.23 0.19
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molybdenum | 0.0037 | 0.0013 | 0.0008 |0.0006 | <0.0005 | <0.003 | 0.006 | 0.003
nickel <010 | <010 1010 <010 |<0.10 |0.006 |0.010 |<0.005
nitrate 0.1 0.03 <0.001 | <0.001 | <0.001 |0.15 2.9 0.13

nitrite 0009 |0007 [0.006 |0.008 {0002 |<0.1 0.03 0.05

iron 0.88 222|266 |286 092 199 023 0.027
zinc 0023 10107 |0076 {0047 (0032 {018 |0.08 [0.10

sulfate 1490|1540 | 1600 |1560 | 1690  |1550 {1406 | 1395
vapadium  10.020 | 0020 10018 |0.024 10011 |<0.02 |<0.02 |<0.02
bromine 0.26 <0.1 <01 |<01 |<01 <0.1 2.6 | <0.1

total calcium | 699 699 681 | 666 | 644 755 730 665

potassium | 6.29 3.83 275 1185 092 |29 400  |049

magnesium | 24 7.25 168 |071 1034 5.1 207|235

sodium 38.1 9.62 157 055 035 8.6 18.8 1.54

total 0.02 0.04 005 1006 |002 |0034 |02  }0.02

phosphorus

In evaluating the results of the shakings, the limit values given for household water can be used,

for example, as comparison values. For the Danish gypsum, the concentrations exceeded the

household-water limits clearly in the 1:1 shaking for chloride (limit 100 mg/L), sulfate (limit

100 mg/L), and fluoride (limit 1.5 mg/L), and slightly for manganese, total phosphorus, and iron.

In the second 10:1 shaking, there were excessive concentrations of fluoride, sulfate, and

manganese. In evaluating the landfill classification in use in Germany and the results based on its
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concentration limits, the gypsum would be classified in the lowest landfill class. Values for
fluoride and conductivity are in the second landfill class, and the sulfate concentration is in the
special landfill class. In the shaking tests on the Dutch gypsum, for aluminum, manganese, iron,
and sulfate concentrations are clearly excessive. The quantities of leached chloride are clearly
lower than those of the Danish gypsum, for example. The heavy-metal concentrations are clearly
even below those of the household-water standards.

4.2.2 Sludge arising in the purification of wastewaters

In the wet method, the quality of the gypsum formed is important. In order obtained gypsum that
is as pure as possible, gypsum and water into which chlorides and other soluble impurities have
teached are removed from the wash-sludge cycle. This mixture goes through a purification:
neutralization, flocking, precipitation, sedimentation, and water removal. The solid product
formed in the purification consists mainly of calcium sulfate, calcium fluoride, and silicon,
aluminum, iron, and magnesium compounds. In Table 9, composition information has been
collected from two different sources, and concentrations of the so-called filter cake studied at
IVO have been added. The range of heavy-metal concentrations of the samples from sources 1
and 2 is quite large, and concentrations in the upper values can cause them to be classified as
problem wastes. The values from source 1 were compared to the limit values given for
agricultural land in Germany, which they were always below, however. In Germany, for
example, about 115,000 tons of this kind of sludge was formed in the year 1989, of which 55%
was used as a cement additive and filler material Recycling Plan for Residues from Coal Power
Plants, Part I11: Residues from Water and Wastewater Treatment. Vol. 70, 12/90, pp. 1033-1041.
(Verwertungskonzept fiir Reststoffe aus Kohlekraftwerken, Teil H1: Rucksténde aus der Wasser-
und Abwasseraufbereitung).

The concentrations of wastewater sludge determined at IVO are placed in Table 9 next to the
values from the sources. Exceptions, however, are the significantly higher concentrations of
arsenic, cadmium, nickel, and lead. If the heavy-metal concentrations obtained are compared
with the limit values proposed for purification-plant sludge in Finland, the concentrations were
exceeded for many substances. For example, cadmium, lead, and mercury concentrations are
about ten times and those of nickel and zinc 2-3 times the limit values. The concentration of
chromium was the only one that stayed clearly below the proposed limits. The sludge that was
studied would not be suitable for spreading onto agricultural land within the framework of these
limits. The so-called filter cake obtained for study was derived from Germany.



Shaking tests were also made on a sample received from IVO, the results of which are in Table
10. The concentrations measured from the shaking solutions are high for chloride, nitrate,
calcium, and sodium, for example. The leachability of trace elements, such as lead, arsenic,
manganese, and zinc is surprisingly small compared to concentrations of these substances in the
solid product. This is probably due to saturation of the solution and the general low solubility of
trace elements. Of the trace elements, lead, zinc, selenium, copper, and chromium had
concentrations clearly below the Finnish household-water standards. Concentrations clearly
above the limit values were obtained for arsenic, mercury, fluoride, cadmium, and nickel.
According to the German landfill classification, the so-called filter cake would be special landfill
waste based on the chioride and sulfate concentrations, in landfill class 3 for mercury and
fluoride, and in landfill class 2 based on the arsenic, cadmium, nickel, and vanadium

concentrations. The concentrations of other substances are in landfill class 1 or below it.
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Table 9. Composition of sludge from the wastewater-purification plant of a desulfurization

plant
Unit Source 1 Source 2 Analyzed at
IVO

Solid-matter % 25-35 - -
concentration, 105°C
Evaporation loss, % 19-32 - -
1000°C
Si0, % 11-32 0.5-55 22.5
Fey 03 % 2-5 0.5-7 5.43
ALOs %o 6-12 0.1-16 13.0
Ca0 % 13-15 30-50 16.6

' MgO % 3-24 1-35 5.86
NapO % <1 1-10 0.76
TiO; Y% - - 0.83
K0 Yo <1 1-10 2.09
SO % 7-10 - not detected
SOy mg/kg - 25-45 total S, 5.48%
CO;y %o — - 1.75
Cl % 2-4 0.5-8 2.14
F % 1-4 0.1-10  0.007
total P, P,Os % - - <(.05
As mg/kg 20 1-240 1370
Ba mg/kg 300 - <300
Cd mg/kg 3-5 2-15 39.0
Cr mg/kg 100 3-210 190
Ni mg/kg 100 20-110 290
Pb mg/kg 40-60 2-360 1854
Hg mg/kg 5-10 5-70 30
Se mg/kg 50-150 - -
Sr mg/kg 80-400 - -
Zn mg/kg 200-300 50-4000 2730
Cu mg/kg - [-305 681
Mn mg/kg - - 3092
Mo mg/kg - - 136
\ mg/kg — — 460




- not analyzed

Source 1: F. von Burgmann 1986

Source 2: Verwertungskonzept fiir Reststoffe aus Kohlekraftwerken, Teil III: Riicksténde
aus der Wasser- und Abwasseraufbereitung
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Table 10. Results of shaking tests on sludge formed in the purification of wastewaters
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Results of shakings of so-called filter cake

mg/L L/S 1:1 4:1 8:1 12:1 16:1 10:1
pH 8.8 8.4 8.4 8.2 8.3 8.2
 conductivity 3150 1120 538 372 330 692
(mS/ml) _
aluminum | 1.53 0.66 0.92 0.50 0.42 -
ammonmum 43 15.5 4.0 1.6 1.2 -
arsenic 0.075 0.066 0.130 0.096 0.094 -
barium 2.35 0.83 | <0.5 <0.5 <0.5 —
mercury 0.0265 0.0260 0.0233 0.0122 0.0064 -
fluoride 7.3 10 15 13 12 -
phosphate 0.30 0.02 0.13 0.02 0.01 —
cadmium 0.063 0.027 0.016 0.015 0.014 -
chloride 12200 3210 602 92 15 —
chromium 0.005 0.004 0.004 0.004 0.005 —
copper 0.12 (.15 0.059 0.052 0.045 —
lead 0.07 0.03 0.04 0.02 0.02 —
manganese 0.16 0.42 0.51 0.49 0.54 —
molybdenum 1.9 1.2 1.1 0.7 0.5 -
nickel 0.44 0.47 0.27 0.37 0.32 —
nitrate 1230 395 121 35 8.6 —
| nitrite 0.77 0.01 0.03 0.25 0.23 —
iron 0.34 0.13 0.41 0.21 0.18 —
zingc 0.1 0.05 0.05 0.04 _<0.03 —
selenium 0.008 0.004 0.003 0.003 0.003
sulfate 840 1426 2374 2620 1990 —
vanadium 0.16 0.13 0.12 0.11 0.11 —
bromine 78 21 4.2 0.61 0.11 E
total calcium 5810 git 672 593 580 -
potassium 104 313 9.10 4,38 2.67 —
magnesium 344 509 417 281 226 —
sodium 332 88.0 14.5 3.68 1.38
total phosphorus 0.1 0.05 0.13 0.05 0.07 —




not analyzed

41
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42.3 Flyash

It is not possible to evaluate possible toxicity of fly ash to the water ecosystem by just analyzing
the chemical composition. Most fly ash consists mainly of aluminum-silicate glass balls that are
only slightly soluble in water. There may be bound substances on these particles, however,

which are soluble in water and which can have toxic effects. It is possible to estimate possible

contamination of ground and water by making solubility tests.

In Table 11 there are percentages of soluble substances for various fly ashes. In the studies (H.

A. van der Sloot et al. 1984), it was noted that there is a dependency between solubility behavior
and ash aikalinity when the ratio (CaO + Mg0)/(5O; + 0.04A105) is used to define alkalinity.
At a high L/S ratio, all possible substances dissolve from the ash particles, but at smaller ratios,

solubility is determined by the pH of the solution, which depends in turn on the ash itself.

Finnish fly ash is generally alkaline.

Table 11. Solubility percentages (L/S ratio; 5) for various fly ashes

Yo Acidic fly ash Neutral fly ash Alkaline fly ash
aluminum 0.001-0.1 0.001-0.1 0.001
antimony 5-10 0.02-5 0.02
arsenic 1.5 0.1-2 0.1
boron 30 1-30 1
cadmium 0.1-20 0.01-0.05 0.05
calcium 10-15 5-15 10-15
chromium 0.05 0.05-1 i

| copper 0.01-10 0.005-0.01 0.01
lead 0.005-0.5 0.005-0.1 0.01
magnesium 1-2 0.001-2 0.001
molybdenum 10-100 70-100 70-100
silicon 0.01 0.005-0.01 0.005
Zine 0.01-5 0.005-0.1 0.01
scandium 10-50 0.5-50 0.5
sulfate 50-100 50-100 50-100
uranium 0.05 0.;01-0.05 0.02
vanadium 0.5 0.005-0.5 0.005
tungsten 20 1-20 1

e
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Acidic fly ash R=0-1.25
Neutral fly ash R =1.25-2.25
Alkaline fly ash R=>2.25

R = (CaO + Mg0)/(S0s + 0.04A1,03)

Trace elements are generally attached by chemical bonds to the matrix structure of the “bulk
phases™ of the ash. The most important of these phases are the amorphous, mullite, magnetic,
and coal phases. For example, mullite does not dissolve in acid or base, so any metals it contains
do not dissolve easily. Metals dangerous to the environment derive from surface layers of
particles or from non-mullite phases, which are formed at low burning temperatures. Quartz is
also a very inert material, so metals attached to it are practically insoluble. (E. Panula-Nikkild
and M. Aijald 1986: from various sources)

In Table 12, results from solubility tests of fly ash have been collected from the literature. In
Hartien’s shakings, in which maximum concentrations were sought, the concentrations are
higher than in the other two, in which the L/S ratio was 10. Concentrations were excessive in
these shakings for chrome, boron, selenium, sulfate, and cyanide, etc., which would cause them
to be placed in a special landfill according to the German landfill classification.
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Table 12. Results of solubility tests on fly ash collected from the literature

mg/L A, L/IS1:1 B, L/S 10:1 C,L/S10:1
pH — — 11-12
arsenic 0.07 0.070 - 0.03-0.04
barium 0.38 <0.1 0.5-0.9
beryllium <0.001 - —

boron - — 4.9-9.6
nmercury — <(.001 -
phosphate 1.5 (P) — —

silver - <0.001 <(.0001
cadmium <().005 (.0001 -
chloride 21 <0.01 4-16
cobalt <0.003 - —
chromium 0.36 0.138 0.14-0.22
copper 0.16 <(.01 <0.0001
lead <0.05 (.0056 —
manganese (0.002 0.00075 -
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mg/L A, LIS 1:1 B, L/S 10:1 C,L/S10:1
molybdenum 2.2 - -
nickel <(.02 - —
nitrate — - 0.01-0.34 (N)
iron 0.08 0.060 <0.05
zinc 0.02 <(.1 —
selenium — <0.05 0.03-0.16
sulfate 1020 1275 515-986
cyanide - - 140
calcium 1300 - —
potassium 110 — -
lithium 2.8 - —
magnesium 0.12 - —
sodium 111 - -
strontium 7.3 — -

PCB - - 0.0001
- not analyzed
Sources:
A J. Hartien et al. 1986: maximum concentrations, shaking test

B E. Jons 1984: DEV-S4 shaking test
C 7. Zhou and R. Dayal 1990: water as shaking solution, L/S 10

In Table 13, there are resulis

of shakings of fly ash according to the German shaking test with

leaching solutions with various pH values. The concentrations are almost the same; in other

words, for the metals determined here, no differences can be detected in s

the leach solution changes. The concentrations

table permitted in wastewaters.
In Table 13, metal concentrations of solutions obtained for fly ash by both EP and TCLP shaking

tests have also been collected. There are not many difference

shaking, the quantities are generally

olubility as the pH of

are clearly below the comparison amounts in the

s in the concentrations; in TCLP
a little higher. [f concentrations connected with these

shaking tests are compared with the defined limits, the highest concentrations of arsenic and

cadmium are over these limit values. When compared to household-water standards (Finland),




for example, there are excesses fo

Rai 1987).
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¢ chromium, fluoride, and selenium. (C. C. Ainsworth and D.

Table 13. Metal concentrations DEV-84, EP, and TCLP) compared to permitted amounts

(H. von Maier 1990) (C. C. Ainsworth Permitted
DEV-S4 shaking and D. Rai 1987) concentrations
leach solution (guidelines for
pH4 pH7 EP shaking TCLP reducing wastewater
shaking emissions, Austria)

As | 0.0535 0.0549 0.001-16.4 0.01-2.68 0.1

F |- - 0.28-7.45 0.29-6.05 -

Cd | <0.0001 <{(.0001 <0.01-0.548 <0.01-0.564 0.1

Cr | 0.0646 0.0633 <0.02-0.43 <0.01-4.64 0.1

Hg | <0.0001 <(.0001 <(.0001 <(.0001 0.01

Pb | <0.0001 <0.0001 <(.2-1.80 <0.2-2.78 1.0

Se |- - <0.001-0.112 | <0.001-0.15 -

Zn | 0.00035 0.0005 <0.002-111.0 | <0.02-103.0 3.0

— not analyzed/Limit value not defined

The VIT (M. Wahlstrom and V. Pohjola 1987) has studied the leachability of fly ash from both
coal and peat. In a shaking test (L/S 25), mostly sodium, potassium, calcium, sulfate, and

dissolved portion of the total amount was generally below 10%.

In Germany (P. von Winske et al. 1
effects 0
Tn the lysimeters used in the study,
the surface, and below this there was a layer of soil

chloride and smaller amounts of molybdenum, iron, zinc, barium, and arsenic leached. The

991), the leaching behavior of fly ash and granulate and their
n various soil types and groundwater near the surface were studied with lysimetry tests.
there was a layer of fly ash and granulate of about 20 ¢m at
about 50-60 cm thick. The lysimeters were

moistened with artificial rainwater, the pH of which was 4.2. The composition of the water that

seeped through was compared to the composition of seepage water that had only passed through

the soil. The flow-through had large amount of granulates, but small &
measurements, it was noted that the conc

lower than the dri

mount of fly ash. In the
entrations of substances that had seeped through was
nking-water standards for heavy metals, except for chromium. Aluminum
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leached extensively; the highest concentration with granulates was 28 mg/L AI**. The aluminum
concentration and the amount of nitrate were found to correlate with each other. But all reactions
were dependent on the soil type. Soil acts as a mechanical filter, and it has buffering effects.
Compounds contained in the soil can also react with substances seeping through it, so that

attachments occur.

In Danish studies (O. Hjelmar 1990), the leaching behavior of fly ash has been studied with
lysimetry, column, and shaking tests. The results of the column and lysimetry tests correlate well
with each other. The main components of seepage water filtering from alkaline and neutral fly
ash are calcium, carbonate, sulfate, sodium, and potassium ions. Of the trace elements, arsenic,
chromium, molybdenum, selenium, and vanadium were present in significant amounts, all of
which form anionic compounds under alkaline conditions (for example, AsOF, CrOg).
According to Hjelmar’s equation describing leaching, it can take 250 years for the first seepage
water to come from a fly-ash pile with a thickness of 10 m and a seepage rate of 200 mm/year.

43  Summary of leachability

Different amounts of materials leach from products, depending on their total concentrations and
the leachability test used. Concentrations of harmful metals vary greatly, depending on the
quality of the sample and the liquid/solid ratio used. The leachability of desulfurization gypsum
was small in shaking tests; the composition of shaking solutions was even below the
household-water standards in general.

When concentrations are compared directly, the concentrations of substances leaching from fly
ash were somewhat higher than those of desulfirization products for chrome, for example.

5 TOXICITY OF DESULFURIZATION PRODUCTS AND FLY ASH
5.1 On the occurrence of metals in nature and their effects in general

In order to be able to estimate the effects of various substances contained in seepage water on the
environment, the action of these substances in systems also has to be known. For example, metal
concentrations vary in natural cycles, and some metals are even important nutrients and are thus
necessary for plants and animals. A change in normal concentrations, either up or down, can
effect the environment negatively. The form in which metals appear affects how they are

transported, change chemically or biologically, and how they accumulate in various organisms.

o e PR
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Metals can be bound to oxides, hydroxides, or carbonates, they can be bound organically, or they

can be in separate mineral phases.

Substances from ash or desulfurization piles spread into the environment by means of water.
Water fauna, which are generally more sensitive than land fauna, suffer most from elevated
concentrations. Variations in the pH, hardness, humus content, and particle quantities of water
greatly affect the chemical form of metals and thus their biological accumulation and toxicity.
The toxicity of metals is often inversely proportional to water hardness, which is due to the fact
that calcium and magnesium reduce the permeability of biological membranes to metals. If the
concentrations of many metals are high, the effects are often synergistic; in other words, the
combined toxicity is greater than that of one individual metal. The mobility of metals increases
as they bind to humus, which acts as a carrier and transports metals in the ecosystem (F. Norman
1991).

5.2  Toxicity of a solid product
5.2.1 Desulfurization products

We try to make use of solid products formed in desulfurization in road and ground construction,
production of cement and concrete, etc., and generally in the construction industry. Gypsum
from the dry method can replace natural gypsum. Desulfurization gypsum is also very suitable
for the construction-material industry, ctc., such as in the production of plasterboards and
cement. Comparison of the chemical composition and other characteristics of natural gypsum
and desulfurization gypsum is important in order to be able to estimate the health effects.

When gypsum is used in the construction industry, for example in the production of
plasterboards, a human being can be exposed to gypsum in several phases, such as:

- the production phase, in which the construction material is produced,

- the processing phase, especially at the construction site,

- the usage phase, where the construction material is placed in walls,

- at the dump site, where construction wastes are collected.
A human being can be exposed to gypsum through the skin, respiratory tracts, and digestive
tracts. One way of exposure through the skin is, for example, the use of gypsum in casts for bone
fractures, from which no harmful effects have been observed. People are exposed through

breathing mainly in the processing phase of construction materials, such as drilling, grinding, and

T
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sawing. Knowing the proportion and composition of dust that can be inhaled is essential in
evaluating heath effects. In Germany, the maximum dust concentration for fine dust is

6 mg/mm”. Exposure through the digestive tract can occur when gypsum dust is swallowed or
when water is drunk into which substances have leached from the dump through the soil.

To map the health effects in Germany (J. von Beckert et al. 1991), the chemical composition of
natural gypsum and desulfurization gypsum were studied, in particular the concentrations of
substances that could have health effects, with special attention paid to investigating the use of
gypsum in construction materials. Calcium, carbonate, chloride, iron, potassium, sulfate, and
various trace elements such as arsenic, lead, cadmium, chromium, and mercury, etc., were
analyzed from samples. Radioactivity, dioxins, and furans were measured from the samples, as
were PAH compounds. In none of the samples were medically significant quantities of dioxins,
furans, or PAH compounds found. Concentrations of mercury and selenium were clearly higher
in desulfurization gypsum than in natural gypsum, while beryllium and cadmium quantities were
larger in natural gypsum. Concentrations were small for all trace elements. On the basis of the
values in Table 14, the danger of health risks can be excluded in the production and processing
of products using both natural and desulfurization gypsum as raw materials. Metal
concentrations were generally thousandths of the work-hygiene values in effect in Finland for the
metals. Users of construction materials are exposed to substances that may possibly evaporate
from boards 24 h a day and 7 days a week, and the group of exposed persons also includes
children and the elderly. Even in the usage phase, there is no health harm from random exposure
to gypsum dust.




Table 14. Comparison of maximum concentrations of metals contained in gypsum dust
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with Finnish work-hygiene limit values (8 h) and German guideline values (J. von Beckert

et al. 1991)

Maximum concentration Maximum Finnish Maximum MAK TRK value

NATURAL  DESULFURIZATION conceniration | work-hygiene gypsum-dust | value pg!m3

GYPSUM  GYPSUM in gypsum limit values concentration | pg/m’

me/kg mg/kg dust pgim®, 8 h from

pgim’ work-hygiene
value

arsenic 4 3 0.024 10 1/400 - 100
beryllium | 0.7 0.6 0.004 2 1/500 - 2
lead 21 22 0.130 100 1/800 100 -
cadmium | 0.5 0.3 0.003 20 1/7000 - -
chromium | 25 10 0.150 50 1/300 - 100
cobalt 4 2 0.024 50 1/2000 - 100
copper 14 9 0.084 1000 1/12000 1000 |-
manganese | 130 200 1.200 1000 1/800 500 -
nickel 13 13 0.078 100 1/1300 - 500
mercury 0.09 1.3 0.008 50 1/6000 100 -
selenium 0.5 16 0.096 100 1/1000 100 -
tellurium 0.2 0.3 0.002 100 1/50000 100 -
thallium 0.2 0.4 0.002 100 1/50000 100 -~
vanadium | 26 g 0.156 500 (V20s5) | 173000 50 -
zinc 40 50 (0.300 5000 1/17000 5000 |-

MAK Maximum workplace concentration value, GERMANY
TRK Technical guideline concentration value, GERMANY
* No MAK or TRK value is given for cadmium

The health risk from gypsum or plasterboards that enter dumps or landfills was estimated in the

German study by comparing concentrations of trace elements with concentrations that usually

appear in agricultural land. The concentrations contained in natural and desulfurization gypsum

are significantly lower for the substances studied than the limit values given for agricultural land

(Table 15); an exception is mercury, the concentration of which in desulfurization gypsum




exceeds the maximum values given for agricultural land in effect in Finland. Because there are

no chemical differences between natural and desulfurization gypsum, the effect of

desul furization gypsum on groundwater is comparable to the effects of a natural gypsum pile.
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Table 15. Comparison of total concentrations of trace elements in gypsum samples with

general concen

given for trace elements in agricultural land (J. von Beckert et al. 1991)

trations in agricultural land and limit values of the European Community

_ Total concentrations of trace Total concentrations of trace elements
mg/kg elements, mg/kg in AGRICULTURAL LAND, mg/kg
NATURAL | DESULFURIZATION | General Finnish EU limit
GYPSUM | GYPSUM values limit values | values for
min max | min max (Germany) | for agricultural
agricultural | land
land
arsenic 0.22-3.79 0.21-2.70 2-20 o
lead 0.46-21.40 {0.27-22.00 0.1-20 150 50-300
cadmium | 0.03-0.30 0.003-0.29 0.1-1.0 0.5 1-3
chromium | 0.65-24.90 | 1.02-9.72 2-50 200 100-200
fluorine 0.01-0.06 0.01-0.07 50-200 -
' nickel 0.3-13.40 0.3-12.90 2-50 60 30-75
mercury 0.006-0.05 | 0.03-1.32 0.1-1 0.2 1-1.5

Radioactivity was also determined in the study. The maximum concentrations determined from
the gypsum samples for substances with natural radioactivity were 370 Bg/kg for potassium-40,
30 Bg/kg for radium-226, and 20 Ba/kg for thorium-232. The average concentrations for
construction materials were 40 Bg/kg for radium and 30 Bg/kg for thorium. The values for the
gypsum sample studies were smaller than these, so the use of gypsum materials in construction
materials does not cause radiation-hygiene problems.

Summarizing the German study, there is no difference in terms of health between natural
gypsum and desulfurization gypsum in chemical composition and trace-element composition.
Desulfurization gypsum can be used in the production of construction materials without harm to
health, according to the study.

Mutagenicity

In a German study (U. H. Cremer et al. 1988), desulfurization gypsum and natural gypsum were
compared. Mutagenicity tests were conducted with the Ames test.

et e e R R B T T R T Y S R R



53

The test organisms were Salmonella typhimurium mutants that use histidine: TA 1535-1338, TA
98, and TA 100. 25 g desulfurization gypsum and natural gypsum were leached separately in a
Soxhlet with 300 mL dichtoromethane. After drying in a rotary evaporator, 5 ml dimethyl
sulfoxide was added. From this solution, dilutions were made with five different levels. Test
otganisms were incubated in each dilution, both with and without addition of a liver enzyme, in
three parallel series. Revertants were counted automatically with a computer. Averages were
calculated from parallel samples, and the average rate of spontaneous mutation was calculated
from these.

A substance is mutagenic if in one test with a Salmonella typhimurium strain a double rate of
spontaneous mutation and a clear dosage-response connection is found, independent of the
known substance concentration.

However, no increased number of revertants was found in any of the selected strains of
Salmonella typhimurum as the sample concentration increased. According to this study, neither
desulfurization gypsum from the wet method nor natural gypsum can be considered mutagenic
when measured by the Ames test.

The toxicity of desulfurization gypsum in exposure through the respiratory organs has been
studied by the German Barman (1986). In the study, test animals were given 25 mg gypsum dust
‘0 the trachea in an isotonic sodium-chloride solution. After the test period (24 h and 18 months),
no clearly pathological reactions were observed and no signs of incipient lung fibrosis were

found. Also, in this study, desulfurization gypsum was found to be non-mutagenic.
Toxicity of gases released in burning gypsum

Gases released when natural gypsum and plasterboards produced from desulfurization gypsum
are burned were compared in a German study (H. J. Einbrodt 1989a). However, no significant
differences could be observed in the composition of the gases. In the study, plasterboards were
kept at 400 = 2°C for one hour. Air was introduced into the space, which was mixed with gases
evaporating from the boards. This air was directed into an exposure chamber with a volume of
260 L, in which there were 5 white rats. The test arrangement was according to DIN 53436.
Gaseous decomposition products, such as carbon monoxide and carbon dioxide, were either
measured continually or else individual samples were taken at intervals of 30 and 60 min. The
samples were analyzed by photometry and gas chromatography. The behavior of the test animals
was monitored for the entire 60-min test period. After this, blood samples were taken from the
animals for determination of carbon-monoxide hemoglobin (COHb).
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With this method, it was only possible to obtain an estimate of acute respiratory toxicity. In both
gypsum plates, clear darkening was observed after the test. The smoke gases introduced into the
exposure chamber contained, one hour after start of the test, 0.035 and 0029 vol% carbon
monoxide, 0.10 and 0.08 vol% carbon dioxide, and 3.8 and 3.7 mg/m3 sulfur dioxide, of which
the first mentioned resulted from natural gypsum and the last from desulfurization gypsum. No
sulfur, fluorine, or hydrogen cyanide was found in the smoke gases. Concentrations of
formaldehyde and other aldehydes were below the detection limits for the method used. Both of
the samples generated large amounts of smoke gases, but the test animals could still be observed
well. The animals behaved normally. One hour after the end of the test, the measured values of
blood carbon-monoxide hemoglobin were 22-24% COHb for rats exposed to smoke from natural

gypsum and 16-18% for desulfurization gypsum, while the critical limit value is 35%.

Based on the results of the test, it can be noted that no high toxic concentrations of toxic
components were found in the gaseous decomposition products formed at a temperature of
400°C. Also, the fluoride contained in desulfurization gypsum was not released as hydrogen
fluoride. Replacing natural gypsum with desulfurization gypsum in the production of
plasterboards does not affect the toxicity of gases formed in a burning situation, based on this
study.

Summary of studies made on desulfurization gypsum

The desulfurization gypsum formed in a desulfurization plant has been frequently studied in
Germany, because there are dozens of desulfurization plants based on the wet method there, and
the efforts are being made to have it used primarily.

On the basis of the studies, desulfurization gypsum contains only small amounts of trace
elements, as does natural gypsum. The same amount of exposure to acutely toxic compounds is
connected with handling desulfurization gypsum as in handling natural gypsum.

Substances that leach from desulfurization gypsum and natural gypsum did not cause danger to
groundwaters. Quantities of trace clements in the solutions were below the drinking-water
standards. The amount of sulfate and fluoride 1ons exceeded the limit values in some cases, but
similar excesses in natural gypsum have not caused any danger to health.

According to the grain-size distribution of desulfurization gypsum, only a small part of the
particles are below 30 um; in other words, particles that are blown from a desulfurization pile by

the wind do not travel into human lungs. Also, material spread by wind does not cause danger to
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agricultural operations, because the heavy-metal concentrations contained in the product are
smaller than the concentrations in soil, according to the studies.

Tt was noted in mutagenicity tests made with the Ames test that neither desulfurization gypsum
nor natural gypsum contains substances that cause mutations. In long-term animal tests, it was
also observed that desulfurization gypsum does not contain components that increase connective
tissue, in other words, fibrosis. Thus pneumoconiosis cannot follow respiratory exposure. Other
respiratory diseases were also monitored, but no malignant growths or growth formations were
observed.

Gases evaporating from construction boards are not toxic, according to the study. There were no
differences between boards using desulfurization gypsum and natural gypsum as the raw
material.

These results are valid only for desulfurization gypsum that derives from the desulfurization
plant of a coal power plant (H. J. Einbrodt 1989b).

5.2.2 Flyash
Mutagenicity

Mutagenicity studies of coal fly ash have been made with the Ames test, in which it has been
found to be non-mutagenic. According to the tests, fly ash can be considered similar to inert dust
in biological activity. According to the classification at that time, 10 mg/m’ was given as the
limit value in industrial areas (A. R. Reid 1984). Completely different results have been obtained
in more recent studies in which fly-ash particles and seepage waters have been found to be
mutagenic (D. El-Mogai et al. 1988),. The cause of the mutagenicity has been proposed to be
organic nitrogen compounds and some unidentified inorganic compounds.

Estimating the toxicity of fly ash with the earthworm test and plants

The growth and metal-binding of the earthworm Eisenia fetida and the plant Cyperus esculentus
were studied in fly-ash samples, among others. In the study, samples were homogenized and dry
fly ash was mixed with water. The pH of the mixture can be lowered from 8.5 to 7.4 with acetic
acid, so the pH value would be about the same as in the comparison samples (Rhine-tiver
sediment and sand sediment). The mixture was placed in plastic cylinders. The mixture was
allowed to stabilize for a day before lettuce was planted. Earthworms were also added to the
mixture (biomass 0.02 kg). The earthworms were removed after 31 days and washed, weighed,
cleaned, and placed on filter paper for 48 h. The paper was replaced after 24 h, at which time the
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carthworms were again weighed, counted, and frozen. Leaves were cut from the plants after 43
days, about 5 cm about the ground surface. The green leaves and stems were washed, weighed,
and frozen. Metal concentrations were determined from the samples. The metal concentrations
determined from the fly ash and sediments are in Table 16.

Table 16. Metal concentrations (ug/g) in fly ash and sediments (distribution according to
ASTM D3683; Cr, Cu, Ni, Zn ICP-AES; As, P'b, Sb, Se HG-AAS)

Material Zn Ph Cu Cr Ni As Se Sh

Rhine-river sediment 920 290 120 240 70 27 <5 5

Sand sediment 120 36 22 84 50 12 <5 <3

Fly ash 120 88 156 150 142 42 17 13
145 15 190 155 130 48 13 13

The growth of the plant that was the object of the study was very small, which was according to
expectations. The growth difference between sediment and ash was not considered to derive
from differences in toxicity but from the lack of nutrients, especially nitrogen compounds, in the
fly ash. Metal concentrations in the plant were fairly small, except that arsenic, selenium, and
antimony were slightly larger in plants grown in fly ash.

The earthworms lost weight during exposure to fly ash, which was normal in a test where food
was not offered. No additional signs of toxicity were observed. Metal concentrations increased in
comparison to background concentrations. Earthworms in fly ash accumulated more arsenic,
selenium, and antimony.

Based on the study, fly ash cannot be considered toxic as such: in earthworms, no increased
toxicity was observed after 32 days of exposure to 100% fly ash (J. M. Marquenie et al. 1988).

In Japan (J. Kohno et al. 1990), the effects of coal fly ash on the growth of various plants and the
accumulation of trace elements were studied. On the basis of tests of the spreading of fly ash, no
visible damage was observed to have developed in the plants. Based on the study, it was noted
that fly ash does not cause any direct damage in the field. With large amounts of fly ash,
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however, fading and dropping of leaves was observed in the plants, and growth was prevented,
which was due to excessive accumulation of boron in the plants.

Plants that had grown in soil containing fly ash accumulated increased concentrations of several
substances. Arsenic, molybdenum, and selenium were in concentrations that might be toxic to
cultivated plants. Also, animals that ate plants grown in soil containing fly ash accumulated high
concentrations of selenium (D. El-Mogazi et al. 1988).

Exposure to fly ash through breathing

The effects of coal fly ash through respiratory tracts exposed to it have been much studied.
According to information collected from the literature (P. K. Srivastava et al. 1987), fly-ash
particles contain many cytotoxic and genotoxic metals and polycyclic aromatic hydrocarbons. In
studies in which alveolar macrophages and hamster egg cells were used, it was noted that fly ash
is cytotoxic, and the toxicity is affected by increasing the concentration and decreasing the
particle size. Fly ash has also been observed to cause changes in the fine structure of the lungs,
reducing the quantity of white cells, red cells, and hemoglobin, causing alveolar lipoproteinosis
and pneumoconiosis. These effects were found to derive from chemical characteristics of fly ash
and not from the particle shape. According to another source (G. Ferraiolo et al. 1990), the
concentration of crystalline silicate particles (0-quartz) that cause pneumoconiosis is so small
that there is no risk of getting pneumoconiosis while working in an environment within the given
dust limits. Fly ash getting into the lungs through the trachea travels to the liver, causing harmful
effects. It has been found to increase the activity of liver oxidase enzymes (P. K. Srivastava et al.
1987). Fly ash given through the trachea did not increase the dry or wet weight of lungs
significantly. The collagen content of lungs increased significantly over time, depending on the
dust concentration used (J. L. Kaw et al. 1989). The effect of fly-ash particles on the
immunotoxicity of the lungs has been studied (D. E. Bice et al. 1987). Fly ash formed in dust
combustion and quartz caused significant cellular changes in lungs and in pulmonary lymph
nodes, whereas fly ash formed in fluidized-bed combustion had hardly any effect. Quartz and fly
ash reduced the immune action of the pulmonary lymph nodes.

5.3 Toxicity of seepage water dissolving from products
Studying the toxicity of seepage leaching from fly ash from desulfurization products and coal is

timely when we want to know about the possible effects of liquid seeping from a dump pile on
the surrounding nature, plants, and soil.
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5.3.1 Desulfurization products

In Denmark, a toxicity test has been performed on the lysimetry of the final product of the
semi-dry method for seepage water. In it, the liquid/solid ratio was 0.36-0.42, at which an L.Csp
(24 h) value > 30% was obtained for Daphnia magna (M. Wahlstrtém and V. Pohjola 1987). Ata
liquid/solid ratio of 0-0.19, the LCs; value for D. magna was 5-10% for a product of the semi-dry
method which contained about 60% fly ash. When compared to the fly-ash toxicity results
obtained in the same study, the acute toxicity of desulfurization waste was smaller or of the same
size as the toxicity of fly ash. The VT'T (J. Ranta et al. 1987) studied the toxicity of the seepage
water of a stabilizate made from a semi-dry desulfurization product. In the water-flea test, the
seepage-water stabilizate was more toxic than the corresponding seepage water from fly ash
(Stabilize L/S 1.6 18%, fly ash L/S 1.2 66%). The seepage-water stabilizate contained
significantly larger concentrations of cadmium, nitrite, and nitrate. On the Ames test, the seepage

waters were not mutagenic.

Placing wastes formed in the burning of coal into the sea and the toxicity caused thereby has
been studied (H. Rose et al. 1985). Here, the samples to be studied were leach solutions of a
mixture of fly ash and desulfurization waste and a mixture of wastes formed in fluidized-bed
combustion. A sea diatom (Thalassiora [sic; Thalassiosina] pseudonana) was subjected to leach
solutions, and its growth by photosynthesis was monitored by measuring the quantity of
suspended cells, chlorophyll concentration, and quantity of absorbed MC. The algae were
subjected to even higher concentrations (10), but no significant effect was observed. Solutions of
mixtures of products from one power plant inhibited the growth of algae for 1-2 days after the
start of exposure.

Toxicity tests were performed in the Keskuslaboratorio [Central Laboratory] (KSL) on shaking
solutions of desulfurization gypsum. The solutions studied were shaking solutions of Dutch and
Danish gypsum, the liquid/solid ratios of which were 1:1 and 10:1 (Table 8). All leach solutions
were found to be non-toxic according to the acute-toxicity test made according to SFS standard
5062: in other words, the 1.Csg values of the solutions were over 100%. When the concentrations
of the various substances in the shaking solutions of Appendix 1 are compared to the existing
extreme limit values, it is observed that the concentrations of the solutions are generally clearly
below the toxicity limits for the substances determined. An exception is aluminum, the
concentration of which when the Dutch gypsum is shaken (10:1) exceeds the LCs; value for

Daphnia magna. The zinc concentration is also slightly higher.
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A toxicity test has also been made on the final product of the Lifac desulfurization method with
the water flea. As a result of the acute-toxicity test, an LCsy 24 h of 54% was obtained for the

Lifac product. The solution studied was a shaking solution whose liquid/solid ratio was 1:1.

5.3.2 Sludge arising in the purification of wastewaters from desulfurization plants (filter
cake)

IVO had an acute-toxicity test of leach solutions of shakings of so-called filter cake done for
Daphnia magna. In the toxicity test, the liquid/solid ratios used for the leach solutions were 1:1
and 10:1. The chemical composition of the 1:1 shaking is in Table 10. In the test, it was noted
that a shaking solution (L/S 1:1) approaching maximum concentration was toxic; 11.8% was
obtained as its LCso value. According to another German shaking method (L/S 10:1,24 h of
shaking), a toxicity result of 92.4% was obtained for the solution. In evaluating the cause of the
toxicity, we can compare the concentrations of various substances with the L.Csq values
determined for the water flea (Appendix 1). Of the 1:1 solution substances the concentrations
were clearly excessive for cadmium, copper, mercury, magnesium, and nickel. The quantity of
leached chloride is also high. No clear single cause of the toxicity can be stated, but the toxic
effect is probably the combined effect of many substances. The large difference between the
toxicity of the shakings is due to the difference in the shaking methods and thus the
concentrations of the leached substances. Closer examination of the substances, that affect the
toxicity difference and their concentrations is not possible, because the chemical composition of
one of the shakings (L/S 10:1) was not analyzed.

5.3.3 Fly ash
Toxicity tests of coal fly ash done on fish

Toxicity tests have been done on fish. In an American study (D. S. Cherry et al. 1987), the test
fish were rainbow trout {(Salmo gairdneri) and the bluegill (Lepomis machrochirus). The
substances studied were base ash and fly ash from a coal power plant and, as a comparison
material, salts of metals common in ash as mixtures with known concentrations were used. The
structure of ash particles and the distribution of metals were examined with an electron
microscope, on the basis of which it was observed that the metals are either in one pile or evenly
distributed on the surface of the fly ash. It was observed that cadmium, copper, chromium,

nickel, lead, mercury, titanium, arsenic, and selenium were enriched on the surface.
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Base ash was not acutely toxic to either of the fish species studied at ash concentrations up to
1500 mg/L at various pH values (5, 7.5, and 8.5). Fly-ash particles were not acutely toxic to
bluegill at concentrations up to 1360 mg/L. Rainbow trout was very sensitive to fly ash at ash
concentrations of 4.3-20.5 mg/L when there were leached metals, but it was not sensitive at
higher concentrations when there was only a little dissolved metal. When the metals had been
acid-leached before testing, no deaths of rainbow trout were observed even at high
concentrations (2350 mg/L). On the other hand, when the proportion of leached metals was large
{50-90% of the total amount), fish mortality increased. Of the fish species studied, rainbow trout
was twice as sensitive to exposure to a mixture of cadmium, chromium, copper, nickel, lead, and
zinc as bluegill. In the sensitivity of the species, there were no differences between acidic (<4)
and alkaline (9.1) pH values. If the pH of the carbon fly-ash solution is between 6.0 and 9.0,
acute toxicity to fish is considered to be due to some of the leached trace elements in the fly ash.

In an American investigation (J. J. Sulaway et al. 1983), an acute toxicity test was done on coal
fly ash with flathead minnows (Pimephales promelas) and a bioaccumulation test was done on
flathead minnows and green sunfish (Lepomis cyanellus). The solutions studied were the
solutions of the EP shaking test. All samples were acutely toxic to flathead minnows. In the
study, the toxicity of fly ash to fish was considered to be connected with the high pH, aluminum,
ion-strength, and zin¢ values. On the basis of the study, it was not possible to identify a clear
cause of the toxicity because of the complex composition of the solutions and the unknown
antagonistic and synergistic effects.

In the bioaccumulation tests, fly-ash extracts were diluted to concentrations that were assumed to
be at the sub-acute level. No significant differences in growth were observed between fish that
were exposed to these solutions and control fish. Flathead minnows and green sunfish
accumulated the same substances from the fly-ash extracts, that is, aluminum, boron, cadmium,
manganese, molybdenum, and nickel, of which cadmium is probably the most important because
of 1ts toxicity.

The VTT (M. Wahlstrém and V. Pohjola 1987) have studied substances that leach from fly ash
and the toxicity of seepage water. In Table 17, results of a toxicity test made on seepage waters
with various solubility tests have been collected. The sample solutions were not very toxic,
because the LCsq values for Daphnia magna varied between 65 and 100%. The solutions were
also not toxic to fish after neutralization. Chronic toxicity was evaluated in an algae test, but
none was found.



Table 17. Results of toxicity tests of coal fly ash (sample from Denmark) (M. Wahlstrom

and V. Pohjola 1987).
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WATER FLEA L/S dm’/kg LCso 24 h,% ECs 24 h,%
Daplinia magna
Column test 0-0.38 65 60

9.1-9.5 98 66
Lysimetry test 0-0.021 80 48

0.46-0.51 100 89

0.46-1.2 100 84
FISH Rainbow trout L/S dm’/kg LCs 96 h,%
Lysimetry test 0-0.44 100

(.89-2.33 100

ALGAE
Selenastrum L/S dm’/g LCs¢ 96 h,% ECs 96 h,%
capricronutum Printz
Lysimetry test <0.5 >25 >25

i > 25 > 25

The same joint project also includes analyses of Danish coal fly ash. In these [analyses]

significantly higher toxic values than the above were obtained. For Daphnia magna, the toxicity
limits (LCsy 24 h) varied from 1.2 to 34% and for fish (L.Csg 96 h) from 25 to 100%. In Table 18,
the compositions of the fly-ash solutions studied in Denmark and in Finland are compared. The

differences in toxicity values are considered to be due to the larger calcium and chromium

concentrations in the seepage water obtained in the lysimetry test in Denmark. In the tests done

in both countries, fly ash was more toxic to Daphnia magna than to fish.




Table 18. Composition of toxicity-test solutions (fly-ash lysimetry of seepage water)
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' mg/L Done in Denmark Done in Finland
pH 9.7-12.1 8.7-9.1
sulfate 1600-6800 8100
sodium - 130-830 160
potassium - 110-1000 370
calcium | 570-5300 3100
arsenic 0.028-2 16
cadmium <(.0003 0.0004
chromium 3.1-9.4 0.42

| mercury <0.0006 -
lead <0.003 0.066
molybdenum 1.4-8.4 23
selenium 0.014-8.1 2

6 MODELS FOR ESTIMATING TOXICITY

In estimating the harm caused by dumping solid waste, the following should be taken into
account:

- the nature of the waste itself and especially the possible binding of toxic components,
- environmental conditions (temperature, moisture, microbe activity, pH, etc.) where the
waste is placed, and

- possible instability, variability, and toxicity of the waste.
Estimation models for harm caused by dumping

A decision-making model has been developed by assignment from the EPR (Electric Power

Research Institute) of by-products arising from burning coal, with which an attempt is made to

estimate the health and environmental effects of by-products, especially fly ash and base ash, and

costs required to reduce the harm (D. Amaral, 1986). The model concentrates on the risks of

exposure to substances that get into drinking water along with soluble trace elements and

groundwater from the products. The purpose is to compare alternative means of improvement in

regard to costs and reducing human exposure.

In Figure 5, there is a diagram of the principle of the model from which the dependency between

the costs of the means of improvement and benefits to be obtained can be seen.
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Figure 3. Evaluation model for harm caused by dumping and costs of improvement steps
(D. Amaral 1986)

in the source model, the amount of waters seeping from a dumping area and their chemical
compositions are estimated. In the chemical transport model, the seepage of the concentration of
each chemical compound is estimated in various phases. The transport of chemical compounds is
regulated by the movement of ground an surface waters and by chemical interaction occurring
with the soil. In the human and environmental exposure model, exposure to the various
chemicals is estimated. A person can be exposed at any point where drinking water is taken.
Exposure levels are compared with the concentrations that require purification steps. In the
purification model, the costs and effects of purification steps are estimated. Steps can include
covering the area, building a clay barrier, removing ash and reconstructing the area, and pumping
and treating groundwater. With this model it is possible to combine the information necessary to
estimate the risks caused by wastes from power plants with the costs required to reduce these
risks.

J. R. Kramer (1989) has developed a model for estimating the metals that leach from waste and
their toxicity in general. In it, the elemental composition of the sample to be studied 1s first

determined, the concentrations of which are compared to certain limit values (Table 19).
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Table 19. Comparison values of the elemental analysis of waste in cvaluating its danger (J.
R. Kramer 1989)

mg/kg Elemental analysis of the waste, Concentration values of the soil,
limit values average range
arsenic 10 100 6 <1-93
barium 200 2000 554 15 - 5000
boron 1000 10000 34 <20 -300
mercury 0.2 2 0.08 0.01-5
fluoride 480 4800 200 <10 - 4000
silver 10 100 - o
cadmium 1 10 | 0.45 1-10
chromium 10 100 33 1-1500
lead 10 100 16 <10 - 700
selenium 2 20 0.03 <0.1 -4
uranium 4 40 3 <2 -4

If the concentrations of the waste to be studied are below these limits, there is no problem with

regard to them. If the concentrations exceed them for one or more metals, we move to the next

phase.

The second phase contains a series of different tests, depending on the quality and composition

of the waste, which include, for example, studying the solubility of the metals at various pH

values and investigating their nature. If the solubility values exceed the limits and the waste is

thus classified as dangerous, the waste continues to be studied in a third phase. In it we try to

connect the chemical characteristics of the waste with its toxicity. Toxicity can be studied, for

example, according to the EHP (Environmental Hazard Profile) test method. It contains

bioconcentration tests of algae, fish, and active sludge, investigations of storage, spreading, and

excretion in rats, decomposition, and change with active sludge, and photochemical

decomposition and mineralization. The main purpose of phase 3 is to determine the nature of the

toxic material and to estimate what kinds of effects can be expected.

7 SUMMARY

Large amounts of desulfurization products and fly ash are produced annually in power plants

which should be taken into consideration from the viewpoints of the environment, economics,

R R
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and society. In general, the purpose of studying and analyzing harmful waste is to evaluate the
health risks of appropriate placement and to identify certain effects caused by compounds, in
order 1o be able to reduce the amount of toxic substances. Identification of the most harmful
components would be a precondition for developing an appropriate waste-handling method. In
this way, it would be possible to implement correct storage, transportation, and dumping
procedures by which general health and safety and freedom from environmental damage could
be guaranteed.

The composition of solid wastes produced in power plants is affected to a great extent by the
quality and composition of the coal that is burned. For desulfurization products, the purity of the
limestone or quicklime used as absorbent is also significant.

Of the desulfurization products, the concentrations of substances that leach from gypsum from
the wet method are small, so there is no harm to the environment from this product, even when it
is dumped. More problematic may be the sludge that remains from treating wastewaters from
desulfurization, into which larger concentrations of various substances accumulate. This may
require that the sludge be dumped into a special landfill. The amount of substances leaching from
coal fly ash is generally larger than those that leach from desulfurization products.

According to most studies, seepage water from fly ash is acutely toxic to crustaceans and fish.
Seepage water from desulfurization gypsum is not toxic. Seepage water from the sludge
remaining from treating wastewaters in desulfurization plants has been found to be toxic to

crustaceans.

The use of natural gypsum can be replaced completely with desulfurization gypsum. This has not
been found to cause harmful characteristics in plasterboards, for example. Desulfurization
gypsum has also not been found to have effects in exposure through the respiratory tracts. It is
not mutagenic.

Coal fly ash has been found to be mutagenic in most studies. It had not been found to be directly
harmful to plants. According to certain studies, fly ash has been found to be cytotoxic and to

cause changes in the lungs.

Additional objects of study could be investigating the composition and leachability of the sludge
arising in the treatment of wastewaters from desulfurization plants and their dependency on the

powet-plant and wastewater-treatment processes. With longer-range leachability studies, such as
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lysimetry tests, it would also be possible to estimate the substances that leach and their quantities

better. Determination of chronic toxicity could also be necessary to obtain a broader picture.
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ABBREVIATIONS AND EXPLANATIONS

METHODS OF EXPOSURE

ihi inhalation nengitysteitse
ipr intraperitoneal  vatsaonteloon
orl oral suun kautta
ukn unknown ei tiedossa

SPECIES EXPOSED (ABBREVIATIONS)

gpg  guinea pig marsy..
hmn  huyman ihminen
man man mies
mus  mouse hiirt

rat rat rotta . .
rbt rabbit ~ kaniin

OBJECT OF STUDY

grw  growth kasvu

mbt mobility fikkuvuus

rpd reproduction lis3antyminen
srv survival henkiinjdaminen

DURATION OF EXPOSURE

act  acute akuutti -
schr  semichronic sermikrooninan

ABBREVIATIONS FOR TOXICITY

IDsy = dose that kills 50% of the test organisms
LCsg = concentration that kills 50% of the test organisms during the test period
LDLy = smallest dose that has been found to increase mortality

I.CLy = smallest concentration that has been found to increase mortality
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TDLy = smallest concentration that has been found to cause toxic effects in humans or
carcinogenic, neoplastigenic, or teratogenic effects in test animals or humans

TCLy = smallest concentration that has been found to cause the effects mentioned in the
preceding point

ECsy = concentration that causes some separately defined toxic effect in half of the test
organisms during the test period

LOEC = smallest concentration that causes some separately defined toxic effects during the
test period

NOEC = concentration at which no toxic effects are found



SPECIES EXPOSED

Fish

Alburnus alburnus
Branchydanio rerio
Carassius auratus
Colisa fasciata
Cyprinodon variegatus
Cyprinus carpio
Lepomis machrochiru
Mystus vittatus

Perca fluviatilis
Platichthys flesus

Salmo garidneri

Crustaceans

Algae

Asellus

Daphnia magna
Gammarus pulex
Macrobrachium lamarrei
Nitocra spinipes

Procamparus clarkii

Chiorella pyrenoidosa

Navicula

Selenastrum capricornutum

SOURCE:

E. Nikunen, R. Leinonen, and A. Kultamaa 1990. Environmental Characteristics of
Chemicals. Ministry of the Environment, report 91/1990, VAPK, Helsinki, 1096 pp.

bleak

zebra fish
goldfish

banded gourami
sheepshead minnow
carp

bluegill

striped catfish
perch

flounder
rainbow trout

water lice

water flea

river shrimp
freshwater prawn
harpacticoid copepod
red swamp crayfish

green algae
diatom

green algae
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ATTACHMENT G

HEALTH EFFECTS OF GYPSUM DUSTS FROM
OCCUPATIONAL EXPOSURE



The

OMS..

Occupational Medicine Specialists

300 West Adams Street, Suite 835, Chicago, IL 60606
Tel: (312) 762-295%  (800)359-1979 x 362 Fax:(312)551-2287

Shirley A. Conibear, M.D., M.P.H. Raja K. Khuri, M.D., M.P.H. Brian C. Svazas, M.D., M.P.H.
Occupationat Medicine Occupational Medicine Occupational Medicine
Toxicology Internal Medicine Certified Medical Review Officer
Certified Medical Review Officer Certified Independent Medical Examiner DOT Physicals

Fravel Medicine Certified Medical Review Officer Travel Medicine

Travel Medicine

May 5, 2006
To Whom It May Concern:

My name is Shirley Conibear, MD, MPH. I am a licensed medical doctor and am Board Certified
in Occupational Medicine. I have practiced in my specialty for over 30 years. I have served as
medical consultant to USG Corp for over 25 years. In this position, 1 have designed and
implemented a medical surveillance program for over 5000 of USG’s production workers, about
half of whom mine, quarry and manufacture gypsum wall hoard. Medical monitoring of these
workers includes pulmonary function testing (PFT), PA chest x-ray read byaB
Reader/radiologist, and medical history. Testing is conducted annually although x-rays are taken
at less frequent intervals. 1 personally review all the medical findings of employees with
abnormalities of PFTs and chest x-rays and respiratory complaints.

I have not observed an excess of lung disease, a pattern of x-ray abnormalities indicative of
fibrotic changes or a pattern of symptoms suggestive of occupational lung disease. There is no
discernable difference between the findings in workers in the plants that use synthetic gypsum
versus the plants that use mined or quarried gypsum. I have not observed a pattern of health
effects on any other organ systems based on other medical testing conducted as a part of the
medical surveillance program which includes complete blood count and blood chemistries.
These findings are consistent with the medical literature regarding exposure to gypsum dust in
the United States.
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ATTACHMENT H

COMPARISION OF NATURAL GYPSUM AND FGD GYPSUM
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1 Topic of investigation

Samples of natural gypsum and gypsum obtained from the desulphurization of flue gases in coal-fired power
plants (FGD gypsum) are to be analyzed as the basis for a comprehensive assessment of the heatth im-
pact of gypsum when used as an input material for the manufacture of building materials. Particular attention
is to be dedicated to investigating whether there is any difference in terms of health impact between natu-
ral gypsum and FGD gypsum.

2 Basic considerations

2.1 Building materials

The practice of classifying building materials according 1o whether they are of natural or synthetic origin is
unsuitable as a criterion for assessing their potential impact on human health. The crucia! factor determin-
ing the health impact of building materials is the substances present as constituents in the input materials
and how those substances may affect the human organism. Of particuiar importance in this context are the
concentration in which the substances act upon the organism and the duration of exposure. In the holistic
consideration required of such studies today, four leveis can be distinguished for the purposes of assess-
ing the health impact of the substances in question. These four assessmeant levels refer 10 the following ex-
posure environments:

-~ production, in which the building material is manufactured,
— processing, especially on the construction site,

- application, in which the building material is used in the construction of enclosed living or working areas,
and

— digposal, in which the bullding materials remaining after demolition of a structure are consigned to ulti-
mate storage as building rubble (dumping) or are utilized {e.g. by thermal waste incineration).

This holistic consideration calls for an exhaustive analysis of all the component substances that are pres-
ent in the building rnaterials and that may be of relevance to human health, and for studies to determine the
concentrations of these substances which could affect the skin, the respiratory or the digestive tract of the

human organism.

22 Gypsum-based building materials

Gypsum — dihydrous calcium sulphate (CaSQ, - 2H,0) - is one of the oldest raw materiais used in the
manufacture of bullding materials. Gypsum occurs extensively in mineral form in the crust of the earth. This
form is known as natural gypsum. However, gypsum is also obtained as a by-product of certain chemical
and technclogical processes. A particularly prominent example of this type is the gypsum formed in the flue
gas desulphurization facilities of coal-fired power plants, known for this reason as FGD gypsum.

When dihydrous calcium sulphate, also known as crude gypsum, is exposed to certain thermal processes,
caiciurn sulphate phases with little or no water of crystallization are formed, and these later combine with
free water 1o form again dihydrated set gypsum. These processes, known as dehydration and rehydration,
form the basis of gypsum technology; they are indispensabie to the use of gypsum in the production of build-
ing materials, whether in the form of waltboards or plasters {30, 33].

Gypsum-based buiiding materials were already in use in classical times, and large-scale use of gypsum
epitomnized the baroque and rococo periods. Since the 19th century, the demand for gypsum has been on
the rise in many parts of the globe, worid-wide consumption attaining about 78 million tonnes per year (1984
data) [34]. In Germany, nearly 3 million tonnes of raw gypsum was used in the manufacture of building ma-
terials in 1987, about 2.5 miliion tonnes of that figure processed by the gypsum industry and 0.5 million

tonnes by the cement industry [31].



Natural gypsum

Natural gypsum deposits occur in many parts of the world, having been formed in early geological ages as
sedimentary rock left behind by the evaporation of ocean brine. In line with their marine origins, natural gyp-
sums also contain small quantities of those substances that are normally present in solution in seawater.
Centuries of experience have shown that natural gypsum is a versatile and unproblematic raw material that
can be used to manufacture building materials for finishing the interiors of residential and business prem-
ises of all kinds.

FGD gypsum

The combustion of sulphurous fossil fuels such as hard coal, lignite (and fuel oif) produces sulphur dioxide
(SO,) which, if it is not removed in a flue gas desulphurization plant, escapes into the atmosphere with the
flue gases. To preserve the quality of the air and to protect man and his environment from harmful effects
of SO, and its derivatives, the German authorities in 1983 passed the Grossieuerungsaniagenverordnung
{28}, an ordinance governing combustion of fossil fuels in industrial-scale facilities, which established the
legal basis making it compuisory for fossil-fueled power plants to be fitted with flue gas desulphurization
(FGD) facilities. As of 30th June 1988, all industrial-scale combustion instaliations intended for long-term
operation have been required to be equipped with flue gas desulphurization facilities that retain at least 85
%, in many cases even more, of the SO, entrained in their flue gases.

Of ali the flue gas desulphurization processes available, limestone-based scrubbing processes have proved
most popular in Germany, accounting for 87 % of the total desulphurized power plant capacity [13]. These
processes use imestone (CaCOg) or quicklime (Ca0) to convert the sulphur dioxide present in the flue gases
into gypsum (CaS0y - 2H,0). This end product of the desulphurization process is known as FGD gypsum.
Currently, about 2.2 million tonnes of FGD gypsum per year are produced in hard-coal-fired power plants
and about 1.1 million tonnes per annum in lignite-fired power plants [17].

The reason why the limestone-based scrubbing processes enjoy such widespread acceptance is that they
afford at one and the same time a high desulphurization efficiency, a high fevet of reliability in operation, and
as a rule also the best economic viabifity by comparison with other processes. Also, Germany has large de-
posits of high-quality limestone, which means that the input materials used in the flue gas desulphurization
process are of a quality conducive to producing FGD gypsum that is suitable for use in economically mean-
ingful applications [24].

The desulphurization process itself takes place in scrubbing towers in which the flue gases are brought in-
to contact with an agqueous suspension containing powdered limestone or slaked quickiime as its alkaline
component. The SO is washed out by the water, oxidized to sulphate 50,42~ in the aqueous solution, and
precipitated with calcium from the imestone/quicklime into dihydrous calcium suiphate (CaSO, - 2H20),
gypsum. The gypsum crystals are separated out of the suspension as a moist, fine crystalline powder with
the aid of centrifuges or filters.

in all flue gas desulphurization tacilities, the solids in the flue gases (the fly ash) are separated out by means
of electrostatic fiters before the flue gases enter the scrubbing tower. The gases are then either passed di-
rectly to the SO, absorber or are first treated in a pre-scrubbing stage. In the latter case, post-scrubbing of
the gypsum at the centrifuging stage can be dispensed with, otherwise it is common practice to wash out
the water-soluble components - in particular chiaride ~ during centrifuging or filtering, if the FGD gypsum is
intended for commercial use.

High-purity powdered limestone or quicklime will generally produce FGD gypsum with a purity in excess of
95 %, the remaining fraction consisting almost entirely of surpius fimestone and non-water-soiuble inert ma-
terials. This high level of purity is assured by the process steps of electrostatic filtering and possibly pre-
scrubbing of the lue gases and post-scrubbing of the gypsum in the centrifuge. The quality of the FGD gyp-
sum is the subiect of contractual agreements with the purchasers and processors to ensure that the gyp-
sum is suitable for further processing into high-quality products for the construction materials industry [12].
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3 Subjects of investigation

3.1 Analyses and quantitative determinations to be performed

it was specified that a quantitative determination should be performed for ali parameters of relevance to hu-
man heaith and characteristic of the origin of the respective gypsum.

Chemical analyses

ammoniumn, calcium, carbonate, chloride, water of crystallization, cyanide, fiuoride, iron, magnesium, nitrate,
pH value in the suspension, phosphate, potassium, sodium, sulphate, sulphite.

Trace elerents
Arsenic, beryilium, cadmium, chromium, cobalt, copper, lead, manganese, mercury, nickel, selenium, tel-
{uriurn, thallium, vanadium, zinc.

Radioactivity

Natural radioactive substances.
Man-made radicactive substances.

Dioxins and furanes

Polycyclic aromatic hydrocarbons.

3.2 Possible effects on the human organism

An analysis of the substances present does not in itsalf permit any assessment of their implications for hu-
man health. These wili depend primarily upon how those substances act upon the human organism. The
areas in which environmental factors can act upon the human organism are known as contact zones. For
the purposes of assessing the potential health impact of gypsum, there are three contact zones that must
be taken intoc account:

The skin

Gypsum can be used as a raw material or as a building material. The long history of the successful use of
gypsum in medicine, e.g. to assist in the healing of broken bones, proves that detrimental effects on heaith
due to skin contact can be ruled out.

The respiratory tract

Gypsumn can affect the respiratory tract, that is to say the bronchial tubes and the pulmonary alveoli, only in
the form of inhalable dust. Exposure o gypsum in this formn is possible in the production environment, in the
processing environment, and in the application environment when work is performed on the finished gyp-
sum product, e.g. when drilling holes or when sawing or cutting gypsum boards, as the user of a building
may occasionally have to do. However, since driliing and sawing of gypsum boards is not common practice
at the appiication end, users will be exposed to gypsum powder only by way of rare exceptions.

The digestive tract

Contact with gypsum and its component substances in the digestive tract may come about it inhaled gyp-
sum particles are swallowed in the saliva and especially if they find their way into the drinking water, How-
ever, the latter is possible only if the soluble components of gypsum deposited in a landfill find their way un-
changed through the soil and into the groundwater, which is then used as drinking water.



3.3 Quantification of exposure to gypsum and its active components

An assessment of the health impact of gypsum must focus on the concentrations of the gypsum component
substances to which the organism is exposed in the various environments in which it may come into con-
tact with gypsum.

The production and processing environments

The gypsurn concentrations occurring here relate o the fine dust which can enter the lungs. In Germany,
there is a statutory limit on the amount of airbome dust present in production and processing facilities dur-
ing continuous operation. This limit is known as the maximum workpiace concentration {(MAK) and is set at
6rmg fine dust/m? air {8]. If the dust concentration in any working area is higher, suitable safety measures
such as the wearing of masks or the provision of forced extraction equipment must be implemented. Thus,
the statutory dust limit can be taken as the highest concentration that can possibly be encountered at the
workplace during continuous operation.

The application envitornrent

Once the gypsum products have been built into a structure, it is the dust concentrations that can occur when
the building products are drilled, cut or sawed that are the determinant health factor. Experimental dust
measurements have been performed to determine the dust concentrations occurring under normal con-
ditions [27] and in exceptional circumstances.

The disposal environment (landfills)

Knowledge of the compenent substances present in the gypsum does not in itself permit conclusions to be
drawn as to the extent to which these components will be leached out by environmental influences, pass
unchanged through the soil, and find their way into the groundwater. For this reason, the health assessment
must be based on such related parameters as are available for comparison, 2.g. existing statutory fimits for
concentrations in the soit [15] or concentrations that are known and accepted as {olerable in cultivated soils
[16].

4 The investigations

4.1 Selection of the samples and sampling

The study was intended to yield the broadest possible overview of the parameters on which fo base an as-
saessment of the health impact of the natural and FGD gypsums available and commer-cially marketable at
the time the study was commissioned. With a view to achieving this aim, the sampling locations and con-
ditions were selected to ensure that the gypsum samples taken were representative in terms of their geo-
logical and chemical origin and other relevant circumstances. Furthermore, gypsum boards made of cal-
cined natural gypsum and FGD gypsum were included in the study for the analyses for dioxing and furanes.

Natural gypsum samples

Samples of natural gypsum were taken from different geological formations at 12 separate active mining io-
cations in northern, central and southem Germany. The samples taken are representative, from both the
regional and the geological points of view, of the natural gypsums processed by the gypsum industry in Ger-
many. Specifically, the sampling locations were

— 5 deposits in younger and older Zechstein (Lower Saxony, Hesse)
- 6 deposits in Keuper (Bavaria, Baden-Wueritemberg)
— 1 deposit in Muschelkalk (shelly marl) (Baden-Wuerttemberg).
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The natural gypsum samples were taken at the minehead or in the gypsum processing works after com-
minution {grain size £ 30 mm)} but before entry into the conditioning or calcinating process, For the sampling
procedure, seaied polyethylene containers of 10 litre capacity with record sheets and a polyethylene shovel
of 500 m# capacity were sent to 12 active natural gypsum mines. The samples were taken in the presence
of officially appointed witnesses.

FGD gypsum samples

Samples were taken at a total of 15 coal-fired power plants (12 using hard coal, 3 buming lignite fuel). The
power plants were representative of

— the entire territory of the Federal Repubiic of Germany, from Bavaria in the south to Lower Saxony in the
north,

— all major flue gas desulphurization processes used in Germany that produce gypsum as their end prod-
uct, and

- the absorbents used, i.e. imestone (CaCQ4) and quickiime (Ca0).

The FGD gypsum samples from lignite-firing power plants came from the Rhineland lignite mining region
and represent about 95 % of all FGD gypsum produced in lignite-fueled power plants in Germany.

in paraliel with the FGD gypsum sampie, a sample of the abscrbent used for flue gas desulphurization in
the same power plant was taken. The FGD gypsum samples were taken after the centrifuge or vacuum fiter
{depending on which was present) at the start of the settling belt over a period of about one hour of continu-
ous production. The absorbent sample {limestone or quicklime) was taken from the on-site inventory.

Each of the 15 power plants was sent two sealed polyethylene containers of 10 fitre capacity, one for the
gypsum sample and one for the absorbent sample. These were accompanied by polyethylene shoveis of
500 ¢ capacity as sampling tools and a speciaily designed sampling record sheet. The samples were taken
on site in the presence of a sworn sampler or a withess appointed by the cognizant heaith or local authori-
ties.

Retum of the gypsum samples

The filled and sealed sample containers were returmned to the Institut fir Hygiene in LObeck in the period
from January to November 1888. Ali were accompanied by the sampling record sheets, duly filled in and
signed by the person taking the sample and the officially appointed witness.

On receipt at the institut fir Hygiene in Libeck, the gypsumn samples were assighed coded laboratory
numbers, with separate series for natural gypsum ang FGD gypsum samples. The identity of the samples
is known only to the institute,

Further to the natural gypsum and FGD gypsum samples taken, 8 mm thick calcinated natural gypsum and
FGD gypsum boards (without cardboard lining) were obtained from two manufacturers for analysis for di-
oxin,

The measurements of gypsum dust concentration during sawing and drilling were performed on commer-
cially available gypsum boards.

4.2 Preparation of the samples

Natural gypsum samples

All the natural gypsum samples (grain size up to 30 mm) were dried for 60 hours at 40 x 2°C. The individ-
ual samples weighed between 8000 and 12000 g. After drying, the entire natural gypsum sample was ground
10 a grain size of below 0.2 mm in a centrifugal crusher with zirconium oxide grinding gear. Lumps were
broken up by pushing through a sieve with the aid of a brush. The sieved gypsum was first mixed 20 times
by coning for division into laboratory and retention specimens. The gypsum cone was then spread out over
an area of about 1 m2. This area was divided into 16 segments, and the contents of each segment were
successively filled into the prepared specimen conainers by means of a 20 m¢ polyethylene scoop.



FGD gypsum samples

All FGD gypsum samples (weighing between 8000 and 12000 g each) were dried for 80 hours at 40 + 2°C
and then sifted through a plastic sieve with a mesh size of 0.2 mm. The subsequent worksteps were the
same as for the natural gypsum samples.

Similar analysis conditions were observed for the calcinated natural gypsum and FGD gypsum boards.

4.3 Proof of homogeneity

The homogeneity of each gypsum specimen was demonstrated by means of tests performed on material
from the laboratory and retention specimen containers (10 containers) using iron as indicator element.

Test for hormogeneity of the gypsum specimens

The laboratory and retention specimens were tested for homogeneity in repeat determinations performed
according to the following analysis procedures:

Weighed quantities of about 2 g each were mixed with 100 m¢ distilled water and 50 m¢ hydrochloric acid
(concentrated superpure) and digested by heating for 15 minutes on a hotplate. After digestion, each speci-
men and the filtrate were topped up to 1000 m¢ with distilled water, mixed and filtered. 20 m¢ of this solu-
tion were transferred by pipette into a 100 m¢ graduated flask. 30 m# of 1% sodium hydroxide, 5 m¢ am-
monium acetate soiution and 2 mé hydroxyl ammonium chioride solution were added in succession. The pH
value was required 10 be between 3.4 and 5.5. After mixing, 2 m¢ phenanthroline sclution was added and
the mixture was topped up to 100 mé. After about 15 minutes, spectrophotometric measurement against
water was performed at a wavelength of 510 nm in a 5 em cell [7]. Homogeneity was determined statisticaily
by means of the “F test” procedure.

Calibration

The calibration procedure was repeated before each day's analyses commenced. Standard solutions con-
taining 0.25, 0.5, 1.0, 2.0, 4.0, 5.0 and 6.0 mg of iron per litre were prepared. 20 mf of each of these solu-
tions were transferred by pipette into a 100 m/{ graduated flask, and the same volumes as above of sodium
hydroxide, ammonium acetate solution, hydroxyl ammonium chleride and, after mixing, phenanthroline so-
fution were added. After about 15 minutes, spectrophotometric measurement against water was likewise
performed at a wavelength of 510 nm in a § cm cell. The calibration function and then the iron contents of
the specimens to be analyzed were determined by computer, The homogeneity was calculated with the aid
of a statistical program. Once the homogeneity of the specimens had been ascertained, the specimen con-
tainers were sealed.

4.4 Submission of the laboratory specimens

The natural gypsum and FGD gypsum specimens were sent to the following institutes for analysis:

- Ingtitut fir Hygiene der Medizinischen Universitdt zu Labeck (Hygiene Institute of Libeck Medical Uni-
versity) (Professor Beckert),

— Institut fr Hygiene und Arbeitsmedizin der Rheinisch-Westfalischen Technischen Hochschule, Aachen
{Hygiene and Occupational Medicine Institute, RWTH) (Professor Einbrodt),

~— Institut fir Wasser-, Boden- und Lufthygiene des Bundes-gesundheitsamtes, Berlin {institute for Water,
Soil and Air Hygiene at the Federal Health Office, Berlin) (Professor Fischer),

— Institut fir Strahlenhygiene des Bundesgesundheilsamtes in Neuherberg (Institute for Radiology at the
Federal Health Office, Neuherberg) (Professor Schmier),

— Institut far Wasser-, Boden- und Lufthygiene des Bundes-gesundheitsamtes in Langen (institute for
Water, Soil and Air Hygiene at the Federal Health Office, Langen) (Dr. Christmann).




4.5 Trace elements

Round-robin analyses

Round-robin analyses were performed by the following institutes for the purpose of harmonizing the analy-
sis procedures used:

— Institut §r Hygiene der Medizinischen Universitit zu Libeck,

-~ Institut {0r Hygiene und Arbeitsmedizin der Rheinisch-Westialischen Technischen Hochschule, Aachen,
— Institut far Wasser-, Boden- und Lufthygiene des Bundes-gesundheitsamtes, Berfin,

— TUV Hannover (technical inspection agency),

— VGB TECHNISCHE VEREINIGUNG DER GROSSKRAFTWERKSBETREIBER e.V. (association of
large power plant operators),

— Vereinigte Elektrizititswerke Westfalen AG, VEW {power utility},
— VEBA Kraftwerke Rubr AG, VKR (power utility).

All participants were sent homogenized specimens. The first round-robin analysis focused on the elements
arsenic, cadmium, chromium, lead, mercury and nickel. The second round-robin analysis encompassed ali
16 elements to be covered by the study: arsenic, beryllium, cadmium, chromium, cobalt, copper, iron, lead,
manganese, mercury, nickel, selenium, tellurium, thaliium, vanadium and zinc.

in addition to the specimens for analysis, each laboratory was provided with one digested gypsum sample
and one reagent blank. The same 16 elements were determined in this digestion. In the round-robin analy-
sis, 4 pressure digestions were made from each specimen and 2 digestions for the reagent blanks.

Pressure digestion procedure

1 g of gypsum was weighed out on an analytical balance and transferred to the Tetion receptacie (50 ms)
of the pressure digestion vessels, where it was mixed with 10 mZ HNO; (concentrated superpure) and 1 mé
HF {concentrated superpure) and digested for 16 hours at 180 °C. After cooling, the vessels were opened,
20 m¢ saturated boric acid solution (about 4 % superpure) added, and the vessels closed again and the con-
tents digested for 2 hours at 120°C. After cooling again, the contents were quantitatively transferred to a
100 m¢ silica glass graduated flask, attention being paid to ensuring that all solids (precipitates) were like-
wise transferred, leaving no residue behind. This suspension was placed in a drying cabinet at 80°C until
a clear solution was obtained (after about 4 hours). After cooiing, the solution was topped up to 100 mé# with
demineralized water. The individual elements in this solution were then measured by means of the additive
method (matrix modification) with the aid of an atomic absomtion spectrometer. On conclusion of the round-
robin analyses, the circle of analysts met to discuss the results obtained. After the second round of analyses
the results were found to be adequately similar, so that agreement was reached on the methodoiogy to be
used for the further analyses.

Determination of the elements

Unlike in the round-robin analyses, only two digestions of each gypsum specimen were prepared. Two
reagent blanks were prepared, as in the round-robin analyses. Otherwise, the analysis procedure was the
same as in the round-robin analyses.

46 Chemical parameters

Water of crystaliization

The water of crystallization content was determined by weighing out 30 10 50 g of gypsum and dehydrating
it at 360°C until the weight remained constant.



Procedure for investigating the waler-soluble components

5 g of gypsum + 250 ml H,O were boiled for about 10 minutes. The mixture was allowed to cool and then
fitered, and the filter residue was washed with hot distilled water. The sodium and potassium in the filtrate
were determined by Hame atomic absomption spectrometry. Chloride, nitrate and cyanide were determined
in accordance with the standard DEV procedure [7] and the results checked by ion chromatography. The
pH value of the same fiitrate was also determined.

Total digestion

1 g of gypsum + 10 m¢ HCi (concentrated) were heated at 100 to 110°C, then 50 m¢{ of hot, diluted HCI (2 n)
was added and the mixture boiled. While siill hot, the mixture was fiftered and washed five times more with
2 n HC! and then twice with hot water. The components in this digestion that had not been dissolved in the
hydrochioric acid were simultaneously determined. The calcium and magnesium in the filtrate were deter-
mined by a complexometric procedure and checked by ion chromatography. The SO, content in the diges-
tion was determined and the SO; content derived from this result. The iron was determined by means of
flame atormic absorption spectrometry, NH; and P05 by the standard DEV procedure, and the fluotide con-
tent by ion chromatography.

Determination of sulphites (stated as SQp)

210 5 g gypsum were mixed with 10 m¢ HCI (concentrated). The SO, was passed into a receiver with siight-
ly alkaline water by boiling for 10 minutes. The solution was oxidized with hydrogen peroxide 30 % and boiled
once before the SO, was determined by gravimetry in the forrn of SO,

Determination of carbonates

2 g of gypsum were put into a two-neck round-bottomed flask. H,S0,4 was added via a dropping funnel un-
til the CO, reaction was completed. Then the contents were bolled for 10 minutes. The gas was absorbed
in 0.2 n sodium hydroxide and the CO; content determined by back titration; allowance was made for the
S0, content by means of a calcutation factor.

4.7 Radioactivity

The procedure used to determine the specific radioactivity of the natural and man-made radioactive sub-
stances was as follows.

Preparation of the specimens

The specimens 1o be investigated were first homogenized and then filled into a measuring vessel (of maxi-
mum volume 350 cm3) to the height required by the calibration of the test device. The weight of the speci-
mens was determined and the beakers henmetically sealed. Based on the assumption that the sampling
procedure and/or the preparation of the specimens might have upset the radioactive equilibrium between
radium 226 and its decay products, the specimens were first allowed to stand for 4 weeks to restore equi-

libriurm,

Determination of radicactivity

Measurements were performed on the specimens for 8 hours in the low-level test facility. The test facility
consisted of 2 exira-pure germanium detectors (energy range 0.01 ~ 3.0 MeV) which are positioned within
lead chambers {walls 7 cm thick) to shield them from ambient radioactivity. The measurement data from
each of the two detectors over the period of observation were stored in a multichannet! analyzer. On com-
pletion of the measurements, the data were evaluated on an on-line computer. The computer accessed a
nuclide library based on PTB (German federal physics authority) publication Ra-16/2, July 1986. Calibration
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was performed with a mixed radium 226, thorium 232 and potassium 40 preparation. The nuclides were
identified

for potassium 40 via yenergy 1.460 MeV

for radium 226 via y energies 0.609 MeV and 0.352 MeV and

for thorium 232 via y energies 0.583 MeV, 0.338 MeV and 0.911 MeV.

if any of these y energy levels was not identified, no activity calculation was performed.

The following further y energies were aiso used in the aclivity calculations for radium 226 and thorium 232: '

radium 226
0.186 MeV, 0.242 MeV, 0.295 MeV, 1.120 MeV and 1.764 MeV

thotrium 232
0.239 MeV, 0.300 MeV, 0.785 MeV, 0.860 MeV, 0.96% MeV and 2.615 MeV.

4.8 Dioxins and furanes

An exiract was made from 100 g of gypsum by boiling three times for one hour each with 300 m¢ n-hexane
in reflux. 10 different ¥3C-marked PCDD/PCDF were added to the extract, which was then concentrated by
turther boiling and cieaned of interfering escort components by passing through a three-stage chromato-
graphic column systern. Identification and quantifica-tion were performed by means of gas chromatography-
mass spec-trometry (GC-MS). The GC-MS system HP 5890 A/HP 5370 B (carrier gas helium, delivery pres-
sure 0.5 bar) was equipped with an on-column injector, a retention gap (2 m x 0.32 mm i.d. disact. silica
gas capillary tubes), an open tubular column SP 2331 (50 m x 0.25 mmi.d. x 0.2 umf.d.} and a silica glass
transfer capillary tube (0.5 m x 0.25 mm i.d.) for direct entry into the mass spectrometer [4].

The following temperature program was used:

130°C, 1 min; 30 °C/min; 200°C; 4°C/min; 240°C, 52 min; 5°C/min; 250°C, 33 min. The electrical energy
was 70 eV, the transfer capiliary temperature 280 °C. Two characteristic ions (M*, M+2*, M+4* at dwell times
of 40, 50 and 100 ms) were used by means of the SIM mode,

The quantitative determination was performed internally via the admixed '3C standards subject to the con-
dition that within the hormologous group the sensitivity to the isomers is identical. The reproduction rate was
85-102 %.

The limits of quantification were set at 0.3 to 8 ng/kg {15 ng/kg for OCDF only), depending on the chlorina-
tion level and structure (Kongener). These fimits were chosen in the light of the usual dioxin and furane con-
tents in our normmal environment including the atmospheric air [22]. Neither dioxins nor furanes were de-
tected above these limits. Subsequent investigations performed on gypsum specimens have shown that di-
oxins and furanes can be detected if the limits of quantification are lowered, At such low concentrations,
which are lower than the known concentration levels in cultivated soils and the atmospheric air, the origin
of the dioxins and furanes cannot be positively identified. The defined limits of quantification at 0.3 to B ng/kg
are appropriate for assessment of the health impact of the gypsums studied.

49 Polycyclic aromatic hydrocarbons

An extract was made from 100 g of gypsum in 100 m¢{ of cyclohexane in a one-hour ultrasonic bath. The
cyclohexane was decanted and extraction repeated. The combined cyclohexane phases were dried in a ro-
tary evaporator. The residue was absorbed in 5 m¢ isopropanoi. The quantitative determination was per-
formed by means of high-pressure liquid chromatography (HPLC). 20 ¢ of the isopropanol mixiure were
used for the analysis.
HPLC conditions:
— wavelangths: emission: 460 nm

excitation: 360 nm
- @luate: 80/20 v.iv., acetonitrile/water, 1 mé/min

— column: HCODS, C 18.5 u,125 mm x 4.6 mm, Perkin Elmer



S 3
g

' fﬁ.ﬁo Maximum dust concentration during sawing and drilling of gypsum products |

for the construction industry

To measure the maximum possible gypsurm dust concentration that could occur under exceptional circum-
stances in the application environment, the foliowing operations were performed in about half an hour of net
working time on 8 mm thick gypsum boards:

e 20 gimple drilled hoies

e, 5 cut-outs for power sockets and _
"~ 34 cuts of length 60 cm, in total about 20 m.

5 Results of the investigations

The resulis of the investigations and analyses performed are presented in table form. The following abbrevi-
ations are used in the tables:

Gn/88/N natural gypsum specimens

Gn/8a/R FGD gypsum specimens from hard-coal-fired power plants
Gn/BB/RMB FGD gypsum specimens from lignite-fired power plants

M1 mixed natural gypsum specimen

M2 mixed FGD gypsum specimen from hard-coal-fired power plants
M3 " mixed FGD gypsum specimen from lignite-fired power plants
GP1 gypsum board made from calcinated naturai gypsum

GP2/3 gypsum board made from calcinated FGD gypsum

n.d. not detectable (below the limit of quantification)

r.p. not performed

insol. insoluble .

W-5. water-soluble

tot. total

mg milligram = /1000 gram

(Fle] microgram = 1/1000 milligram

ng nanogram = 1/1000 microgram

z sum

5.1 Homogeneity of gypsum specimens
indicator element: iron

The homogeneity of the gypsum specimens was demonstrated with the aid of iron as indicator element as
described in4.3 and listedin Table 1.



Table 1. Homogeneity of the natural gypsum and FGD gypsum specimens.

Natural gypsum ¥ of all measure- Rel. standard “F value*
ments in mg/kg deviationin%
G 1/88/N 11428 2.7 1.2
G 2/B8/N 2589 1.9 1.57
G 383N 308 2.2 138
G 7/88/N 2780 1.0 077
G B/BS/N 49 127 0.96
G 15/88/N 247 4.3 1.06
G 16/88/N 1128 2.3 1.45
G 17/86/N 3844 2.7 1.72
G 18/88/N 8544 31 1.52
G 19/88/N 412 4.7 2.48
G 20/88/N 216 5.6 1.55
G 21/886/N 3834 4.2 1.46
FGD gypsum
G 4/88/R 2 3.8 1.67
G 5E8/R 1028 2.8 0.93
G 6/88/R 194 3.0 0.9
G 9/88/R 432 2.5 2.79
G 10/88/R 1720 4.1 1.29
G 11/88/R 167 2.9 2.13
G 12/88/R 1055 1.0 0.55
G 13/88/R 508 3.0 0.62
G 14/88/R 348 3.9 1.28
G 22/88/R 438 25 2.26
G 23/B88/R 382 2.2 386
G 24/88/R 191 6.0 s
G 25/88/R/B1 2487 1.1 323
G 25/88_»’?!{82 1754 : 1.43 1.38
G 27/88/R/B3 1545 0.51 0.57

. Craticn: . . “ _ _varance 5,2
Statistical homogeneity according to “F test”, F= m



5.2 Chemical parameters

The chernical parameters listed in Table 2 were determined as described in 4.8 to characterize the ma-

terials.

Table 2. Chemical paramelers of natural gypsum and FGD gypsum.

Natural gypsum FGD gypsum
range range
min max mean min max mean

pH value 6.1 8.58 7.38 6.33 8.54 7.21
Water of crystallization Yo 15.21 18.68 16.51 19.83 20.88 2032
CaQ % 30.80 44.41 35.82 31.03 32.06 31.68
S0 % 34.92 4217 37.75 43.95 4557 44.96
{CaS0, - 2H0) from SO % 7507 90.69 81.19 94.52 98.00 896.72
{CaS0, - 2H0)
from water of crystallization % 72.68 86.27 78.62 94.75 99.76 97.07
MgO tot. % 0.01 0.10 0.06 0.01 0.1 0.03
Naz0 w-s. % 0.007 0.056 0.034 0.0003 0.081 0.032
K0 w-s. % 0.002 0.014 0.006 < 0.06001 0.017 ¢.007
FezOs tot. . % 0.02 0.55 .19 0.0003 0.40 0.12
HCi insol. % 0.15 0.33 0.20 o1 0.e8 0.35
NH, % 0.0003 0.008 0.003 0.0003 0.009 0.003
S0, % 0.01 0.05 0.062 0.01 0.08 0.03
P20sg % < 0.0002 0.0006 0.0003 0.0001 0.0007 0.0003
F %o < 0.001 0.006 0.001% < 0.001 0.007 0.002
COs Y . 0.18 0.77 0.53 G.11 0.94 0.45
CN w-s. mg/kg n.d. nd. nd. nd. nd. n.d.
Ci w-S. mgkg 110 288.0 72.0 21.0 213.0 73.3

equivalent to mg/f 1.1 28.8 7.2 2.1 21.3 7.33
NO3 w-s. morkg 130 60.0 32.0 7.0 429.0 89.2

equivalent to mg/t 1.3 6.0 3.2 07 42.9 882




5.3 Trace elements

Quantitative determination was performed as described in 4.5 for 15 trace elements in all, and the results
are presented in Tables 3 and 4.

Table 3. Trace elements in natural gypsum {mg/kg).

Probe areome | Berylium | Lead | Cadmium | Chromium | Cobalt | Copper | Mangenesel
G 1/88/N 1.25 0.71 2141 0.29 249 4.26 14.0 132

G 2/88/N 3.14 0.49 <3 0.05 10.5 1.32 13.3 48.9
G 3/88N 0.47 0.48 0.49 0.52 1.16 o.21 0.65 6.85
G 7/88MN 1.74 0.20 <25 0.35 6.33 0.96 6.75 49.4
G /88N 0.71 0.01 < 2.5 0.07 1.26 0.01 0.8 5.48
G 15/88/N 0.51 0.51 0.58 0.13 Q.85 0.17 2.36 4.08
G 16/88/N 1.87 0.20 2.85 0.16 a.58 0.50 1.84 58.5
G 17/88/N 2.89 0.16 7.582 0.30 10.2 1.98 4.00 86.4
G 18/88/N 3.79 0.66 443 0.10 4.92 4.39 121 185

G 19/88/N 111 .08 <25 0.07 3.53 0.27 3.75 25.8
G 20/88/N 0.22 <1 0.46 < 0.02 Q.65 0.12 0.0% 8.46
G 21/88/N 2.82 0.62 213 0.03 22.0 2.30 6.85 195
Probe Nickel Mercury Selenium Tellurium Thallium Vanadium Zinc
G 1/88/N 11.4 < 0.0 0.11 < 0.1 0.20 264 14.7
G 2/88/N 2.10 0.0t 0.18 < 0.1 0.06 8.30 4.5
G 3/88/N 0.45 <0.03 0.09 <01 < .05 1.31 <3

G /88N 2.60 Q.02 0.08 < 0.2 0.08 6.67 31.0
G 8/88/MN 0.42 < 0.006 0.05 < 0.2 < 0.05 1.64 <3

G 15/88/N 0.40 0.03 0.06 <02 0.07 2.34 <3

G 16/88/N 283 0.02 0.05 <0.2 0.8 24 9.0
G 17/88/N 5.80 «< 0.02 0.07 <02 0.15 113 41.0
G 18/88/N 12.2 0.08 0.04 <0.2 0.19 226 17.0
G 19/88/N 1.43 0.09 n.d. n.d. nd 4.96 n.d.
G 20/88/N 0.30 0.0 < (.46 n.d. n.d. 0.93 2.8
G 21/88/N 13.4 0.05 n.n. n.d. nd 4.18 13.0




Table 4. Trace elements in FGD gypsum (mg/kg).

Probe Arsenic Beryliium Leacd Cadmium | Chromium | Cobak Copper Mangenese!
G 4/88/R 1.15 0.32 22.0 0.29 4.61 1.36 8.56 38.0
G 5/88/R 1.34 .18 8.96 0.03 3.88 0.40 5.44 35.3
G 6/88/R 0.48 0.05 0.49 0.08 102 {028 1.25 3.67
G 9/88/R 0.72 0.04 <25 < 0.02 8.72 0.22 1.20 9.74
G t0/B/R 1.86 .16 2.04 0.21 1.18 2.20 5.83 196

G 11/88/R 0.67 < 0.05 368 0.02 1.68 .21 1.30 9.17
G 12/88/R 1.04 Q.08 <25 0.03 3.32 0.27 1.80 106

G 13/88/R 1.13 < 0.1 3.10 0.02 4.30 0.24 1.65 158
G 14/88/R 0.21 < 0.1 1.19 .02 3.18 0.06 2.38 28.9
G 22/88/R 2.70 .10 2.2 < 0.02 2.31 .17 2.30 8.30
G 23/88/R 0.49 0.65 0.27 0.01 218 0.08 2.37 29.0
G 24/88/R 0.42 .03 <25 0.003 1.80 0.04 3.99 2.04
G 25/88/R/MB1| 2.04 0.24 <3 0.14 3564 0.49 4.65 64.9
G 26/aA/mB2| 220 0.42 111 0.18 2.75 0.53 2.38 §2.7
G 27/88/R/B3 | 2.60 .10 641 <0.02 4.80 0.49 1.10 41.7
Probe . Nickel 1 Mercury Selenium Tellurium Thallium Vanadium Zinc
G 4/88/R 5.20 132 Bg <03 0.42 7.70 53.2
G 5/88/R 0.85 0.66 1.03 <0.1 0.05 3.48 228
G 6/88/R 0.55 0.03 2.69 < 0.1 <0.05 1.22 <3

G 9/B8/R 2.51 0.87 2.67 <02 < 0.05 2.30 <3

G 10/88/R 12.9 1.02 13.3 <0.2 <0.05 5.09 2.0
G 11/88/R 0.30 0.30 0.es <0.2 < 0.05 149 <3

G 1288R 1.02 0.96 6.20 <0.2 < 0.05 423 7.00
G 13/88/R 1.20 0.10 157 <02 < 0.05 2.90 3.00
G 14/88/R 1.27 0.23 1.61 <02 < 0.05 3.57 <3

G 22/88/R 1.10 0.80 1.10 n.d. n.d. 3.30 1.70
G 23/88/R 1.36 0.33 2.27 n.d. nd. 262 4.60
G 24/88/R 0.60 0.27 nd. nd. nd. 4.00 n.d.
G 25/88/R/B1 1.63 0.76 n.d. nd. n.d. 3.55 nd.
G 26/88/R/B2 3.2 0.66 2.30 n.d. nd. 3.92 43.0
G 27/88/R/B3 3.20 0.90 0.70 n.d. n.d. 5.40 24.3




5.4 Radioactivity

The results of the determination of natural radicactive materials performed as described in 4.7 are listed in
Table 5. The statistical errot in the measurements is + 10%. The detection threshold of the procedure
used is 10 Bg/kg. No trace of the man-made radioactive materials cobalt 60, caesium 134 or caesium 137
could be found in any of the natural gypsum or FGD gypsum specimens.

Table &, Natural radioactive materials.

Natural gypsum Potassium 40 " Radium 226 Thorium 232
(Ba'kg) {Bg/kg) {Bgkg)
G 1/88/MN 370 20 20
G 2/88/N 120 20 20
G /B8N 30 20 20
G 7/88/N <10 18 < 10
G 8/88/N 70 10 10
G 15/88/N <10 15 <10
G 16/88/N 120 15 <10
-G 17/88/N 240 25 <10
G 18/88/N 360 30 10
G 19/88/N 85 25 <10
G 20/88/N <10 30 <10
G 21/88/N 370 30 20
FGD gypsum
G 4/88/R 80 20 20
G 588/R 50 20 20
G 6/88R 30 20 20
G 9/88/R 30 20 <10
G 10/88/R 70 : 20 <10
G 11/88/R 40 25 <10
G 12/88/R 55 10 <10
G 13/88/R <10 20 <10
G 14/88/R 60 20 . <10
G 22/88/R _ 60 15 <10
G 23/88/R T <10 20 : <10
G 24/88/R 70 o 20 <10
G 25/88/A/B1 70 S 20 <10
. .G 26/88/R/B2 60 E <10 <10
G 27/88/A/B3 <10 T 20 <10




5.5 Dioxins and furanes

The resuits of the analysis for dioxins and furanes described in 4.8 are lYisted in Table 6. The vaiues given
in parenthesis { ) are the limits of quantification.

Table 6. Dioxins and furanes (ng/kg).

G 1/88/N G 4/88/R GP 1 M1 M3

G 2/88/N [ G 5/88/R GP2 M2

G 3/88/N G 6/38/R GP 3
TeCDD {2,3,7.8) n.d. {< 1) nd. {< 1) n.d. (<05 i nd (<805} nd (< 0.5}
ETeCDD nd. n.d. nd. nd nd.
PeCDD (1,2.3,7.8) nd (<3} nd. {<3) nd. {<71} nd {<1) nd.  (<1)
L PeCDD n.d. nd. nd. n.d, n.d.
HxCDD (1,2,3,4,7.8) n.d. n.d. nd. nd. n.d.
HMxCDD (1,2.3,6,7.8) nd (<38 nd (<35)|nd (<1 nd (<1} nd. {<1)
HxCDD (1,2,3.7.8.8) nd. n.d. nd. n.d. n.d.
I MxCDD n.d. nd. nd. n.d. n.d.
HpCDD (1,2,3,4.6,7.8) nd (<8 nd. {(<8) ad (<358 ind (<35 nd (<35
I HpCDD nd. n.d. n.d. nd. n.d.
ocpb nd. (<8 |nd (<8 |nd (<8 |nd (<8 |nd (<8
TeCDF {2,3,7,8) n.d. {< 1.5} | nd. (<15} nd {(<0.3) | nd. (< 0.3) | nd. {< 0.3}
I TeCDF nd. n.d. n.d. nd. n.d.
PeCDF (1,2,3,4,8) + (7.8) n.d. n.d. n.d. n.d. n.d.
PeCDF (2,3.4,7.8) nd. (<2) nd. {<2) nd. (<05) | nd (<05} nd {<05)
I PeCDF n.d. nd. n.d, n.d nd.
HxCDF {1,2,3.4,7.8} + (7.9) | n.d. n.d. nd. n.d. nd.
HxCDF {1,2,3,6,7.8} nd. nd. n.d. nd. n.d.
HxCDF (1,2,3.7.8.9) n.d. {<25) | nd (<25 | nd. {<1) nd (< 1) n.d. (<1}
HxCDF {2,3,4,6,7.8) n.d. nd. n.d. nd. n.d.
I HxCDF n.q. nd. nd. nd. n.d.
HpCDF (1,2,3.4.6,7,8) n.d. nd. n.d. n.d. n.d.
HpCDF (1.2.3.4,7,8,9) n.d. {(«3.5) | nd. {(<3.5)| nd. (<2} n.d (< 2) n.d. {< 2}
I HpCDF nd. n.d. n.d. n.d. n.d.
OCDF nd. (<15} |nd. (<15} [ nd. (<3) {nd (<3) |{nd (<3)

56 Polycyclic aromatic hydrocarbons
The polycyclic aromatic hydrocarbons were determined as described in 4.9. The resuits are compiled in

Table 7.

Table 7. Polycyclic aromatic hydrocarbons (PAH) (ugkg).

Specimen PAH 1 PAH 2 PAHM 3 PAH 4 PAH 5 PAHB PAHZ
G 7/88/N 57 0.2 n.d. n.d. 01 nd. 6.0
G 9/88/R 1.2 0.1 n.d. nd. n.d. 13
G 11/88/R 0.1 n.d. n.d. nd. n.d. nd. 0.1
G 15/88/N 1.0 nd. na. . n.d. n.d. 1.0
M1 05 0.1 nd. nd. n.d. n.d. 0.6
M2 05 n.d. nd. n.d. nd. n.d. 0.5
M3 02 0.1 n.d. nd. n.d. n.d. 0.3
PAH 1 = tluoranthene PAH 4 = benzo (a) pyrene nd.: < 0.1 pgkg

PAH 2 = benzo (b} fluoranthene
PAH 3 = benzo {k} Huoranthene

PAH 5 = benzo (ghi) perylene

PAH 6 = indeno (1,2,3-cd) pyrene




5.7 Maximum dust concentrations during sawing and drilling of gypsum products
for the construction industry

Measurements of the dust concentrations occurring under normal conditions during the smoothing and drifl-
ing of gypsum boards yielded maximum values of 0.54 mg/m3 for drilling and 4.9 mg/m3 for smoothing/plan-
ing [27].

To take into account uncommon and even improper working conditions in do-it-yourself applications, ex-
tremely high dust concentrations were generated by large-scale sawing of gypsum boards in enciosed areas.
The total dust concentration when sawing work was in progress attained 209 mg/m?>, and this value was
used to caiculate the maximum trace element concentration in the application environment {Table 8).
Table 9 shows the gypsum dust concentrations measured after the work had finished (29 mg/m?).
Because of the cumulative distribution of the dust, a factor of 0.6 was used in the calculation, i.e. 60% of
the total dust concentration is taken as inhalable fine dust (Figure 1),

The quantification of the maximumtrace elernent intake in the application environment assumed a less com-
pact work pattern, with short interruptions o the sawing action and a net working time of about half an hour
(4.10) spread over a period of one hour. To make allowance for this longer exposure time, the total dust
concentration was taken as 100 mg/m® and the inhalable fine dust fraction as 100%.

Table 8. Gypsum dust concentrations measured during sawing work on gypsurn boards (about ¥ hour).

ug/stage %/stage conc./stage pg/m3 % Cum. stage
61330 212 44122 214 1
49990 17.2 35964 384 2
40120 13.8 28863 52.2 3
81220 28.0 58432 B0.2 4
38770 13.4 27964 93.5 5
17470 8.0 12568 99.6 &
9380 0.3 712 99.9 7
130 0.0 94 99.9 8
150 041 108 100.0 9
L 280170 100 208827
{208.8 mg/m3)

Table 9. Gypsum dust concentrations measured after sawing work on gypsum boards.

ug/stage Yo/stage conc./stage ug/m? 2% cum. stage
880 21.2 44 122 . 214 1
2130 17.2 35964 384 2
5420 13.8 28863 52.2 3
26510 28.0 58432 80.2 4
13210 13.4 27964 a3.5 5
7550 5.0 12568 99.6 [
410 0.3 712 99.9 7
150 0.0 94 99.9 a
200 0.1 108 100.0 g
I 56460 100 29405

(29.4 mg/m3}
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Figure 1. Percentage and cumulative distribution of gyspum dust during and after sawing of gypsum boards.
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5.8 Statistical evaluation

Figure 2 compares the means and the associated percentage standard errors of the elernents analyzed
in the 12 natural gypsum and the 15 FGD gypsum specimens. The standard error of each mean is caicu-
lated from:

s = -
¥n
where X = mean of the analysis values
s = standard deviation
n = number of gypsum specimens.

The comparison shows that in the FGD gypsum specimens the means of all elements analyzed ~ except
mercury and selenium - are lower than or are of a similar order of magnitude to the corresponding values
in the natural gypsum specimens. The FGD gypsum contains significantly higher concentrations of mercury
and seleniurn than does the natural gypsum. This finding is confirmed to within an error probability of < 1%
by the test for median differences.

Arsenic, lead, manganese, nickel, tellurium, thailium and zinc impurities are present in comparable orders
of magnitude in both forms of gypsum, while the natural gypsums tend to exhibit higher concentrations of
the elements chromium, coball, copper and vanadium. The beryliium and cadmium contents are significant-
ly higher in the natural gypsum specimens.

6 Assessment of the effects of the various cbmponents
of gypsum on human health

6.1 Basic considerations

The yardsticks used in assessing the health impact of the substances contained in gypsum are the applicable
statutory limits and standards and a comparison with the concentration of those substances occurring in the
natural envircnment. The assessment takes into account the various fields of activity in which gypsum and
gypsum-based building materials are encountered,

The production and processing environmernis

The standards adopied for assessment of the potential health hazarg involved in the production and pro-
cessing of gypsum and gypsum-based buiiding maternials are the maximum workplace concentration (MAK)
and the technological concentration guidelines (THK) issued by the Deutsche Forschungsgemeinschaft
{German research association} comumission for the review of hazardous substances at the workplace [8].
The MAK is the maximum allowable concentration, in the form of gas, vapour or airborne suspension, of
any substance on or with which work is being performed at the workplace, which to the best of modem knowl-
edge will not impair the health of or cause undue discomfort to persons repeatedly or continuously exposed
to that substance for as a rule 8 hours at a time over a working week of on average 40 hours.

Since certain carcinogenic substances are unavoidable in a given technological application and may even
oceour in nature, certain reference standards are necessary to allow practical occupational satety measures
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to be effected in the form of monitoring of workplace conditions and definition of suitable protective actions.
This is the purpose of the technological concentration guidelines (TRK). The TRK value for any hazardous
substance at the workplace is thus that concentration, in the form of gas, vapour or airborne suspension,
which can be achieved under state-of-the-art workplace conditions and which serves as a reference stand-
ard for the protective actions to be taken and the technological monitoring 1o be performed at the workplace.
THK values are issued only for hazardous substances for which no MAK values can yet be defined. Ob-
servance of the technological concentration guidelines at the workplace is intended 1o reduce the health

hazard but cannot eliminate it completely [8].

The application envirornmment

In the application environment, where the gypsum-based building materials are used in practice, the as-
sessment of the heafth impact of the potentially hazardous substances must take into account a completely
differert saction of the population exposed to those substances under completely different conditions than
those pertaining at a workplace in the production or processing environment. in the application environment,
allowance must also be made for elderly and infirm persons and for children, whose resistance to those sub-
stances may be weaker than that of a healthy worker. Also, exposure may continue around the clock and
possibly over a iong period in a person’s lifetime. For this reason, the MAK and TRK concentration values
applicable to workplace conditions are not necessarily suitable as standards in the application environment.
While the MAK and TRK vaiues are based on sound scientific foundations, the basis for defining suitabie
thresholds for the application environment is still extremely deficient.

The potentially hazardous substances identified in the gypsum specimens are in the main non-volatite heavy
retals. Nor do the finished and processed gypsum products release any dust into enclosed areas. Con-
sequently, hazardous component substances can find their way into the air in enclosed areas only if the
gypsum products are machined or drilled or, in a worst-case situation, sawn in an inexpert fashion. The study
investigated even this worst case. The findings are described and discussed in the following.

The present assessment of the health impact of gypsum dust generated by working with gypsum in the ap-
plication environment and the associated intake of carcinogenic trace elements is based essentially on com-
parisons with the amounts of pollutants which we absorb from other sources in our natural environment. The
reference parameters are, in particular, the concentrations of the respective poilutants normaily to be tound
in atmospheric air in clean-air regions. However, these comparisons are to be seen against the background
of the fact that exposures to poliutants from gypsum dust are usually sporadic and of short duration only.
By contrast, the intake of poliutants from the natural environment is as a rule the result of continuous ex-
posure. This difference must be taken into account particularly in the case of the carcinogenic heavy metals,
as the heatth risk is proportional to the product of the concentration of the carcinogenic substance and the

duration of the exposure.

The disposal environment (landfills)

‘The analyses performed to determine the heavy metal content in the gypsum specimens related not to the
elutable fractions but to the total content of these substances, For this reason, the standards used for as-
sessing the impact of the various gypsum components are the existing statutory limits for concentrations in
the soil [15} and the trace element concentrations commonly found and accepted as tolerable in cultivated
soils {16]. Since the health impact of gypsum components in a landfili can be assessed only indirectly via
the exdent to which they polflute the drinking water, this assessment is performed at the end of this chapter,
separately from the assessments for the individual components,

6.2 Terms of reference

‘The following assessments of the effects of the individuai components of gypsum on human health are based
on the results of the analyses performed and, in the case of gypsum dust at the workplace, on the findings
of investigations performed and published elsewhere [27].



6.3 Gypsum dusts

The statutory dust limit of 6 mg of fine dust per m3 air [8] is taken as the maximum exposure concentration
of gypsum dusts during an 8-hour working day in a production and processing environment. The purpose
of this statutory dust limit is to ensure that the proper functioning of the respiratory organs is not impaired
by exposure to ordinary dust. However, even if the statutory dust limit is properly observed, a health haz-
ard cannot be positively ruled out unless it is known with certainty that the dust can have no mutagenic, car-
cinogenic, fibrogenic, toxic or allergenic effects.

The effects of gypsurn dust on human heaith were first investigated at an early stage of research intoc pneu-
moconiosis. Unlike in the case of other activities involving an exposure to dust, such as mine waork, the X-
rays made of workers from gypsum mines arnd processing works revealed no evidence either of reaction-
less retention of dusts in the lungs or of any fibrotic reaction [20]. Both the use of improved X-ray techniques
and examinations performed on the lungs of deceased gypsum workers allowed the conclusion to be drawn
that inhaled gypsum dust does not produce any morbific effects on the lungs [5, 11]. Animal experiments
involving long-term inhalation of gypsum and quartz demonstrated that caicium sulphate is to be regarded
as an antagonist o crystalline silicon dioxide {21, 23]. The property of promoting the elimination of quartz
from the lungs, the unspecific — inert — dust reaction of the gypsum, and its positive effects on {sitico-)tu-
berculosis led to calcium suiphate dust being used as a so-called “shielding dust” to prevent silicosis. How-
ever, this therapeutic use of gypsurmn dust did not go unchalienged, the main arguments raised against it
being the impurities contained in the gypsum, depending on its origin [6, 10, 19]. A more recent clinical study
performed on gypsum mineworkers proves that it is only the silicon dioxide content that is responsible for
changes to the lungs [18].

A comprehensive study to investigate the mutagenic and carcinogenic properties of calcium sulphate dust
was performed at the Institut fir Hygiene und Arbeitsmedizin der Rheinisch-Westfalischen Technischen
Hochschule, Aachen (Hygiene and Occupational Medicine Institute, RWTH) under Professor Einbrodt i2].
This study used FGD gypsum in dust form in animal experiments to clarify the medical aspects of a pos-
sible toxic effect on the lungs. The test animais (young female rats) were exposed to a once-only gypsum
dust concentration of 25 mg in 0.5 m¢ isotonic sodium chloride solution, applied intratrachealiy. The animals
were examined at intervais of one day, one, three, eight and eighteen months. Histological examination of
the lungs revealed signs of an unspecific alveolitis. However, no evidence of granulorna development or en-
hanced connective tissue formation indicative of incipient pulmonary fibrosis was found in the histological
specimens. Parallel chemical analysis by rmeans of flameless atomic absorption spectrometry revealed no
elevated presence of aluminium, chromium or nickel in the parenchymatous organs such as the lungs, kid-
neys or liver. in the early stage of the experiment a build-up of lead in the thighbone was noted, this being
washed out after 18 months. The mutagenity tests to Ames made it possible to classify the applied dust as
positively non-mutagenic. From these findings the conclusion can be drawn that the gypsum dust used in
the experiments can be considered inert.

Like in other highly dust-generating activities, the elevated dust concentrations possible for short times dur-
ing drilling and sawing of gypsum-based buiiding materials in the application environment make it neces-
sary to take protective actions, e.g. wearing a face mask, even if just for comfort. The dust exposure of the
do-it-yourseif amateur is to be considered the “worst case” scenario. The amounts of inert calcium sulphate
dust that can be inhaled or ingested during the limited time period spent engaged in these activities do not
constitute a health hazard.

6.4 Anions and cations

Chemical analyses were performed 1o determing the anion and cation contents in the gypsum specimens.
These components of the gypsum can be of relevance to human health only under certain circumstances
in the context of the disposal of gypsum and gypsum-based building materials in landfilis. For this reason,
this aspect is discussed in the section dealing with the assessment of the health impact of FGD gypsum and
natural gypsum products in landfilis.



6.5 Trace slements

The production and processing environments
The calculations are based on the statutory dust limit (MAK) of 6 mg/m?2. The concentrations of the individ-
ual trace slements are obtained as follows:

max. trace element concentration (ug/m?3) =
dust concentration (mg/m?3) - trace element content {mg/kg) - 10~2;

e.g. for arsenic {maximum arsenic content in gypsum = 4 mg/kg):
max. arsenic concentration = 6 - 4 - 107 = 0.024 pg/m3.

Table 10. Comparison of maximum trace element concentrations in gypsum dust (particles suspended in air) in pro-
duction and processing environments with the maximum allowable concentration (MAK/TRK].

Element Max. content in Max. concen- MAK TRK Max. concen-
natural FGD tration in tration in
gypsum gypsum gypsum dust gypsum dust
(mg/kg) | (mg/kg) (Hg/m?) (g/m®) (bg/m’) | corresponds to:
Arsenic 4 3 0.024 100 174000 TRK
Beryllium 0.7 0.6 0.004 2 17500 TRK
lLead 21 22 0.130 100 1800 MAK
Cadmium” 0.5 0.3 ' 0.003 . . -
Chromium 25 10 0.150 100 1700 TRK
Cobalt 4 2 0.024 100 1/4000 TRK
Copper 14 9 0.084 1000 1/12000 MAK
Manganese 130 200 1.200 500 1400 MAK
Nickel 13 13 0.078 500 176000 TRK
Mercury 0.09 1.3 0.008 100 1112000 MAK
Selenium 0.5 16 0.006 100 171000 MAK
Tellurium 0.2 03 0.002 100 150000 MAK
Thallium 0.2 04 0.002 100 150000 MAK
Vanadium 26 8 0.156 50 1300 MAK
Zinc 40 50 0.300 5000 117000 MAK

No MAK or TRK vailues have been defined for cadmium

In the production and processing environments, the maximum trace element concentrations are 1/300 to
1/50000 of the respective MAK values. Thus, there is no health hazard due 10 the intake of copper, lead,
manganese, mercury, selenium, tellurium, thallium, vanadium and/or zinc from gypsum dust. The maximum
concentrations of the substances thought to be carcinogenic were found to be between 1/500 and 1/6000
of the respective TRK values. Observance of the technological concentration guidelines at the workplace is
intended to reduce the health hazard but cannot efiminate it completely. Since, however, the maximum con-
centrations of the trace elements arsenic, berylium, chromium, cobalt and nicke! in the gypsum dust is three
to four orders of magnitude below the respective TRK values, the health risk due 1o intake of these elements
is negligible. No TRK value has yet been defined for cadmium, which is suspected of being carcinogenic.
For this reason, the concentration of cadmium in the gypsum dust was compared with the IW 1 exposure
fimit (0.04 pg/m?®) prescribed in the German clean air reguiation (TA Luft} [26], which, however, refers not to
workplace concentrations but to concentrations in the atmospheric air. The maximum cadmium concen-
tration in the gypsum dust was only 1/10 of this exposure limit. The health risk due to intake of cadmium is
thus likewise negiigible (Table 10).

The application environment

The calcutations for the application environment were based on the maximum gypsum dust concentration
during sawing as determined in the experiments with allowance for the cumulative distribution of the dust
and the working practices (5.7). However, the assessment is based not on the trace element concentrations
present in the gypsumn dust but on the trace element imtake during a specific period of time.

The following calculations of the maximum intake of trace elements from gypsum dust are based on the as-
sumption that sawing of gypsum boards and the associated high dust concentration, as described in the



worst-case application scenario in 5.7, is a very rare working practice. Accordingly, it is assumed that this
kind of work on gypsum boards will be performed twice over a period of ten years, each time involving one
sawing session of 1 hour per day and an inhaled volume of 1 m3n.

By way of comparison, the trace element intake in clean-air regions and the pollutarit intake by a worker
under conditions determined by the maximum TRK or MAK concentrations over the same {(10-year) period
were calculated and used as the basis for the assessment.

Calculation of the volume of clean air inhaled over 10 years, based on an exposure time of 24 hours per
day:

inhaled volume: 10 m¥/24 h x 365 x 10 = 3.6 x 10%m3,

Calculation of the volume of air inhaled by a worker based on a 40-hour working week and 45 working weeks
per year:

inhaled volume: 10 m%8 h; 50 m3week;

50 m¥week x 45 weeks = 2.25 x 10° m3/year
in 10 years: 2.25 m® x 103 x 10 = 2.25 X 10m3

Table 11. Comparison of a maximumn trace element intake from gypsurm dust (particles suspended in 8ir) in the ap-
piication environment with the maximumn aliowable trace element intake of a worker in the production and
processing environments at the maximurn aliowable dust concentration (MAK/TRK) and with the intake from

clean air {1, 25].

Element Max, concentration Intake over a period of 10 years
of element Max. intake in Max. intake by a worker intake in
at 100 mg/m? an application at max. aliowable clean-air
total dust environment dust concentration regions
{ug/m?) (ug) (MAK/TRK} (ug) Mg
Arsenic 0.40 0.8 225 x 108 365
Beryliilum 0.07 0.14 4.50 % 104 *
Lead 247 4.34 225 x 108 3600
Cadmium 0.05 0.10 = 75
Chromium 2.50 5.0 2.25 x 108 < 365
Cobalt G.40 0.8 225 x 108 365
Copper 1.40 28 2.25 x 107 3800
Manganese 20.00 40.0 1.13 x 107 -
Nickel 1.30 26 1.13 x 107 600
Mercury 0.13 026 2.25 x 108 730
Selenium 1.60 32 2.25 x 108 365
Tellurium 0.03 0.06 225 x 108 .
Thaflium 0.04 0.08 2.26 x 108 -
Vanadium 2.60 5.2 1.13 x 108 .
Zinc 5.00 10.0 113 x 108 7300

" Insufficient data available on concentrations of this substance in clean-air regions
*T No MAK or TRK values have been defined for cadmium

The intake of the potentially carcinogenic trace elements arsenic, cadmium, chromium and nickel in the ap-
plication environment lie between 1/100 and 1/1000 of the intake of the same elements in clean air over the
assumed period of 10 years. The intake of these elements in the application environment is five to seven
orders of magnitude lower than the maximum allowable intake of trace elements at the workplace on the
basis of the applicable limits and standards (MAK/TRK). Thus, there is no health hazard due to the intake
of trace elements in gypsum dust in an application environment (Table 11).

6.6 Radiocactivity

The highest vaiues for radioactivity from natural radioactive substances found in any of the gypsum speci-
mens were:



— potassium 40: 370 Bg/kg
— radium 226: 30 Bg/kg
— thorium 232: 20 Bg/kg

Radiumn 226 and thorium 232 are significant in terms of the exposure of the occupants to radioactivity. Po-
tassium 40 makes only a minor contribution to the overall radioactivity. The arithmetic mean from about 1000
samples of building materials of various types vielded a radium concentration of 40 Bg/kg and a thorium
concentration of 30 Bg/kg [14]. The radionuciide concentration in the natural gypsums and FGD gypsums
studied was thus below the average of other building materials. This supports the conclusion that there can
be no objections from the radiological point of view to the use of the gypsum-based materials studied in the
construction of buildings for residential or other human occupancy purposes.

The man-made radioactive substances cobalt 60, caesium 134 and caesium 137 were not detected in any
natural or FGD gypsum specimens.

6.7 Dioxins and furanes

Dioxin ranks among the most highly toxic organic compounds. For this reason, it is a basic requirement that
building materials should not give rise to any dioxin exposure in enclosed areas. No dioxins or furanes were
detected in any of the natural gypsum and FGD gypsum specimens analyzed, nor in any of the gypsum
boards made of natural or FGD gypsum.

6.8 Polycyclic aromatic hydrocarbons

The natural gypsum and FGD gypsum specimens were also analyzed to determine their polycyclic aromatic
hydrocarbon content. The most common compound posing a potential health hazard in this group is ben-
zo(a)pyrene. The health implications of these substances derive from the fact that statistica! studies have
established a probable link between the occurrence of tumours in human beings and frequent contact with
mixiures of polycyclic aromatic hydrocarbons in an industrial environment.

No benzo{a)pyrene was detected in any of the gypsum specimens analyzed. Thus, adverse effects on healith
due to the presence of benzo{a)pyrene in gypsum dust can be positively ruled out.

6.9 Disposal of natural gypsum and FGD gypsum products on landfills

For the purposes of assessing the health impact of the trace elements, in particuiar of the heavy metals, in
gypsum and gypsum-based building materials deposited on landfilis via the extent to which they can poliute
groundwater and drinking water, Table 12 compares the trace element contents found in gypsum speci-
mens with the statutory limits for allowable concentrations of those elements in the soil {15} and with the
concentrations that are accepted as tolerabie in cultivated soils [16].



Table 12. Comparison of the trace element concentrations in the gypsum specimens analyzed versus the statutory
in-soil concentration limils and with the concentrations frequentily found and accepted as folerable
n cuitivated soils.

Total content of Totatl content of
trace elements : of trace elements
in gypsum specimens in cutivated soils
{mg/kg) (mg/kg)
Element natural gypsum FGD gypsum frequent folerated lirnit
min  max min  max values values values

Arsenic 0.22-3.79 0.21-~2.70 2-20 20
Lead 0.46 - 21.40 0.27 ~ 22.00 0.1-20 100
Cadmium 0.03 - 0.30 0.003 - 0.29 01-1.0 3
Chromium 0.65 ~ 24.90 1.02-972 250 100
Fluorine 10-60 10-7D 50 - 200 200
Nickel 0.3-13.40 0.3-12.90 2-50 850
Mercury 0.006 - 0.05 0.03~1.32 011 2

As this comparison shows, the total content of those trace elements that are significant in terms of poten-
tial effects of gypsum or gypsum products in landfills on the drinking water is considerably lower, both in
natural gypsum and in FGD gypsum, than the generally accepted and tolerated concentrations of those el-
ements in the soil. Nearly all the concentrations measured were within the ranges commonly found in culti-
vated soils {15, 16].

Thus, pollution of the soil, and thus potentially of the groundwater and drinking water, to above-normal lev-
els by the trace element content, and in particular the heavy metal content, of gypsum and building rubble
from products made of natural and FGD gypsum dumped on landfills can be positively ruled out.

The influence of the cations and anions in natural gypsum deposits on the groundwater is known. The ma-
jor contributing factor is the sulphate, with the resutt that the groundwater of soils with a high calcium suiphate
content may have a relatively high sulphate concentration. For the purposes of assessing drinking water
quality [29], separate limits are distinguished for magnesium sulphate and sodium sulphate on the one hand
and calcium sulphate on the other. Gypsum is considered unproblematic in this context, on the basis of the
findings of various studies that demonstrate that sulphate concentrations of up to 1000 mg/¢ in the drinking
water produce no adverse effects even after many years [3]. For the assessment, it can thus be taken for
granted that natural gypsum deposits do not constitute a threat to the drinking water.

No clear distinctions could be found between natural gypsum and FGD gypsum. In alf specimens, the con-
centrations of elutable nitrate were below the allowable concentration of 50 mg/¢ provided for in the Ger-
man drinking water ordinance [29]. The concentrations of elutabie chioride — for which the drinking water
ordinance make no provision — are below the standards given in DIN 2000 (250 mg/¢) [9] and in the WHO
Guidelines (350 mg/¢) [32]. Thus, from the point of view of its health impact, the FGD gypsum analyzed is
just as harmless in landfills as is natural gypsumn in geological deposits.

7 Conclusions and experts’ opinion

7.1 The man-made radioactive substances cobait 60, caesium 134 and caesium 137 were not detected
in any of the natural gypsum or FGD gypsum specimens analyzed. The natural radioactive materiais con-
tent was very low by comparison with that of other trequently used building materials. The medically sig-
nificant potycyclic aromatic hydrocarbon benzo(a)pyrene was not detected in any specimen, Dioxins and
furanes were not detected either in the natural gypsum specimens or in the FGD gypsum specirnen. For
this reason, these parameters investigated in the study are no longer considered in the following assess-
ment.



7.2 In the production and processing environments, contact with gypsum occurs via the respiratory tract.
The statutory dust limit (maximum workplace concentration, MAK) of 6 mg/m® was taken as the maxirnum
exposure concentration, since the inert gypsum dust can be regarded as posing no health hazard. Quanti-
tative analysis for trace elements, in particular heavy metais, showed that the quantities of all elernents for
which analysis was performed — with the exception of mercury and selenium — in the FGD gypsum speci-
mens were below or in the same order of magnitude as their occurrence in natural gypsum. The mercury
and selenium concentrations are considerably higher inthe FGD gypsum than in the natural gypsum. In the
cases of beryitium and cadmium, the concentrations in the natural gypsum are significantly higher than in
the FGD gypsum. The concentrations of all elements are very tow, lying below 1/300 of the respective MAK
or below 1/500 of the respective TRK values, whichever standard was applicable in each case. Thus a health
risk from the production and processing of natural gypsum and FGD gypsum can be positively ruled out.

7.3 In the apptication environment, where gypsum-based building materials are used in the construction
of enclosed kiving or working areas, no gypsum dust is normaliy produced, so that a potential exposure can
be ruled out. Only in exceptional cases, when work is performed on gypsum-based building materials, in
particular by do-it-yourself amateurs, may persons be exposed to gypsum dust for short times. The gypsum
dust concentrations occurring in such cases are as a rule below the statutory dust limit (MAK). The trace el-
ement concentrations occurring in the gypsum dust are, as demonstrated eariier, very low and can be con-
sidered to pose no risk, in particular in view of the short exposure times.

To take into account extraordinary circumstances, too, extremnely high dust concentrations were generated
such as could arise especially if gypsumn boards are inexpertly sawed. These exposuras are considered the
“worst case” scenario for the do-it-yourself amateur. High gypsum dust concentrations, like high dust con-
centrations in any other activities, would make it necessary to wear a tace mask, even if only for comfort
reasons. However, these conditions would apply only very rarely, with the result that the trace element in-
take over a 10-year period would be less than 1/100 of the pollutant intake from clean air. Thus, there is no
health risk in this case, either.

7.4 When gypsum products are disposed of in landfills, their trace element content does not differ sig-
nificantly from the concentrations normally found in cultivated soils. The trace element concentrations in the
natural gypsums and FGD gypsums analyzed are much lower than the applicable statutory limits and the
vaiues normally accepted as tolerable for cultivated soils. Otherwise, there is no significant difference in
chemical composition between natural gypsum and FGD gypsum, so that the impact of gypsum or gypsum
rubble disposed of in landfills on the groundwater is similar to the impact of natural gypsum deposits, deriv-
ing only from their sulphate content, which does not pose a health hazard. A turther factor to note in this
context is that the amounts of gypsum deposited ina iandfill will as a rule be much lower than the amounts
present in a natural gypsum deposil.

7.5 In summary, the analyses demonstrated that the ditferences between naturai gypsum and FGD gyp-
sum in terms of their chemical composition and trace element content are so slight as to be of no relevance
to health. The results of the analyses lead to the conclusion that the naturat gypsums and FGD gypsums
studied can be used without reservation on health grounds in the manufacture of buiiding matenials,

Labeck, 1990 Aachen, 1980 Beriin, 1990
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institut fir Hygiene der Medizinischen Institut fOr Hygione und Arbeitsmedizin {Diraktor wrxd Professor am institut for
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1 Topic of investigation

Samples of natural gypsum and gypsum obtained from the desulphurization of flue gases in coal-fired power
plants (FGD gypsum) are to be analyzed as the basis for a comprehensive assessment of the heakth im-
pact of gypsum when used as an input material for the manufacture of building materials. Particular attention
is to be dedicated to investigating whether there is any difference in terms of health impact between natu-
rai gypsum and FGD gypsum.

2 Basic considerations

2.1 Building materials

The practice of classitying building materials according to whether they are of natural or synthetic ofigin is
unsuitable as a criterion for assessing their potential impact on human health. The cruciai factor determin-
ing the health impact of building materials is the substances present as constituents in the input materials
and how those substances rmay affect the human organism. Of particular importance in this context are the
concentration in which the substances act upon the organism and the duration of exposure. In the holistic
consideration required of such studies today, four levels can be distinguished for the purposes of assess-
ing the health impact of the substances in question. These four assessment leveis refer to the following ex-
posure environments:

- production, in which the building material is manutactured,
— processing, especially on the construction site,

— application, in which the building material is used in the construction of enclosed living or working areas,
and

~ disposal, in which the building materials remaining after dernolition of a structure are consigned to ulti-
mate storage as building rubble (dumping) or are utilized (e.g. by thermal waste incineration),

This holistic consideration calls for an exhaustive analysis of all the component substances that are pres-
ent in the building materials and that may be of relevance to human heaith, and for studies to determine the
concentrations of these substances which couid affect the skin, the respiratory or the digestive tract of the

human organism.

22 Gypsum-based building materials

Gypsum — dihydrous caicium sulphate (CaS0, - 2H.0) — is one of the oldest raw materials used in the
manufacture of building materials. Gypsum occurs extensively in mineral form in the crust of the earth. This
form is known as natyral gypsum. However, gypsum is also obtained as a by-product of certain chemical
and technological processes. A panicularly prominent example of this type is the gypsum formed in the flue
gas desulphurization facilities of coal-fired power plants, known for this reason as FGD gypsum.

When dihydrous calcium sulphate, also known as crude gypsum, is exposed to certain thermal processes,
calcium sulphate phases with little or no water of crystallization are formed, and these later combine with
free water to form again dihydrated set gypsum. These processes, known as dehydration and rehydration,
form the basis of gypsum technoiogy; they are indispsnsable to the use of gypsum in the production of build-
ing materials, whether in the form of wallboards or plasters [30, 33

Gypsum-based building materials were already in use in classical times, and large-scale use of gypsum
epitorrized the baroque and rococo periods. Since the 18th century, the dernand for gypsum has been on
the rise in many parts of the globe, world-wide consumption aftaining about 78 million tonnes per year {1984
data) {34]. in Germany, nearly 3 million tonnes of raw gypsum was used in the manutacture of buikling ma-
terials in 1987, about 2.5 million tonnes of that figure processed by the gypsum industry and 0.5 million

tonnes by the cement industry [31].



Natural gypsum

Natural gypsum deposits occur in many parts of the world, having been formed in early geological ages as
sedimentary rock left behind by the evaporation of ocean brine. In line with their marine origins, natural gyp-
sums also contain srmall quantities of those substances that are normally present in solution in seawater.
Centuries of experience have shown that natural gypsum is a versatile and unproblematic raw material that
can be used to manufacture building materials for finishing the interiors of residential and business prem-
ises of all kinds.

FGD gypsum

The combustion of sulphurous fossil fuels such as hard coal, lignite (and fuel oif) produces sulphur dioxide
{80,) which, if it is not removed in a flue gas desulphurization plant, escapes into the atmosphere with the
flue gases. To preserve the quality of the air and to protect man and his environment from harmful effects
of SO, and its derivatives, the German authorities in 1983 passed the Grossfeuerungsaniagenverordnung
{28}, an ordinance governing combustion of fossil fuels in industrial-scaie facilities, which established the
lega! basis making it compuisory for fossil-fueled power piants to be fitted with flue gas desuiphurization
{(FGD) facilities. As of 30th June 1988, all industrial-scale combustion installations intended for long-term
operation have been required to be equipped with flue gas desulphurization facilities that retain at least 85
%, in many cases even more, of the SO, entrained in their fiue gases.

Of all the flue gas desulphurization processes available, imestone-based scrubbing processes have proved
most popular in Germany, accounting for 87 % of the total desulphurized power plant capacity [13]. These
processes use limestone (CaCO3) or quicklime (CaO) to convert the sulphur dioxide present in the flue gases
into gypsum (CaS0, - 2H;0). This end product of the desulphurization process is known as FGD gypsum.
Currently, about 2.2 million tonnes of FGD gypsum per year are produced in hard-coal-fired power plants
and about 1.1 million tonnes per annum in lignite-fired power plants [17].

The reason why the limestone-based scrubbing processes enjoy such widespread acceptance is that they
afford at one and the same time a high desulphurization efficiency, a high level of reliability in operation, and
as a rule also the best economic viability by comparison with other processes. Also, Germany has large de-
posits of high-quality limestone, which means that the input materials used in the flue gas desulphurization
process are of a quality conducive to producing FGD gypsum that is suitable for use in economically mean-
ingful applications [24].

The desulphurization process itself takes place in scrubbing towets in which the flue gases are brought in-
to contact with an aqueous suspension containing powdered limestone or slaked quicklime as its alkaline
component. The SO, is washed out by the water, oxidized to suiphate SO,2 in the aqueous solution, and
precipitated with calcium from the imestone/quicklime into dihydrous calcium sulphate {CaSO, - 2H50),
gypsum. The gypsum crystals are separated out of the suspension as a moist, fine crystalline powder with
the aid of centrifuges or filters.

in all flue gas desulphurization facilities, the solids in the flue gases (the fly ash) are separated out by means
of eiectrostatic filters betore the flue gases enter the scrubbing tower. The gases are then either passed di-
rectly to the SO, absorber or are first treated in a pre-scrubbing stage. In the latter case, post-scrubbing of
the gypsum at the centrifuging stage can be dispensed with, otherwise it is common practice to wash out
the water-soluble cormponents — in particular chloride — during centrifuging or fitering, if the FGD gypsum is
intended for commercial use.

High-purity powdered limestone or quickiime will generally produce FGD gypsum with a purity in excess of
95 %, the remaining fraction consisting aimost entirely of surpius limestone and non-water-soluble inert ma-
terials. This high level of purity is assured by the process steps of electrostatic filtering and possibly pre-
scrubbing of the flue gases and post-scrubbing of the gypsum in the centrifuge. The quality of the FGD gyp-
sum is the subject of contractual agreements with the purchasers and processors to ensure that the gyp-
sum is suitable for turther processing into high-quality products for the construction materials industty [12].



3 Subjects of investigation

3.1 Analyses and guantitative determinations to be performed

Itwas specified that a quantitative determination should be performed for all parameters of relevance to hu-
man health and characteristic of the origin of the respective gypsum.

Chemical analyses
ammonium, caicium, carbonate, chloride, water of crystallization, cyanide, fluoride, iron, magnesium, nitrate,
pH value in the suspension, phosphate, potassium, sodiurn, sulphate, sulphite.

Trace elements
Arsenic, beryllium, cadmium, chromium, cobalt, copper, lead, manganese, mercury, nickel, selenium, tei-
lurium, thallium, vanadium, zinc.

Radicactivity

Natural radioactive substances.
Man-made radioactive substances.
Dioxins and furanes

Polycyciic aromatic hydrocarbons.

3.2 Possible effects on the human organism

An analysis of the substances present does not in itself permit any assessment of their implications for hu-
man health. These will depend prirmarily upon how those substances act upon the human organism. The
areas in which environmental factors can act upon the human organism are known as contact zones. For
the purposes of assessing the potential health impact of gypsum, there are three contact zones that must

be taken into account:

The skin

Gypsum can be used as a raw material or as a building material. The long history of the successful use of
gypsum in medicine, e.g. to assist in the healing of broken bones, proves that detrimental effects on health
due to skin contact can be ruled out.

The respiratory tract

Gypsum can aftect the respiratory tract, that is to say the bronchial tubes and the putmonary alveoii, only in
the form of inhalable dust. Exposure to gypsum in this form is possible in the production environment, in the
processing environment, and in the application environment when work is performed on the finished gyp-
sum product, e.g. when drilling holes or when sawing or cutting gypsurn boards, as the user of a building
may occasionally have to do. However, since drilling and sawing of gypsum boards is not common practice
at the application end, users will be exposed to gypsurn powder only by way of rare exceptions.

The digestive tract

Contact with gypsum and its component substances in the digestive tract may come about if inhaled ayp-
sum particles are swallowed in the saliva and especially if they find their way into the drinking water. How-
ever, the fatter is possible only if the soluble components of gypsum deposited in a landfiti tind their way un-
changed through the soil and into the groundwater, which is then used as drinking water.



3.3 Quantification of exposure to gypsum and its active components

An assessment of the health impact of gypsum must focus on the concentrations of the gypsum component
substances 10 which the organism is exposed in the various environments in which it may come into con-
tact with gypsum.

The production and processing environments

The gypsum concentrations occurring here relate to the fine dust which can enter the lungs. In Germany,
there is a statutory limit on the amount of airbome dust present in production and processing facilities dur-
ing continuous operation. This limit is known as the maximum workplace concentration {MAK) and is set at
6mg fine dust/m? air [8]. it the dust concentration in any working area is higher, suitable safety measures
such as the wearing of masks or the provision of forced extraction equipment must be implemented. Thus,
the statutory dust limit can be taken as the highest concentration that can possibly be encountered at the
workplace during continuous operation.

The application environment

Once the gypsum products have been built into a structure, it is the dust concentrations that can occur when
the building products are drilled, cut or sawed that are the determinant health factor. Experimental dust
measurements have been performed 1o determine the dust concentrations occurring under nomal con-
ditions {27] and in exceptional circumstances.

The disposal environment {landfills)

Knowledge of the component substances present in the gypsurn does not in iiself permit conclusions to be
drawn as to the extent to which these components will be lsached out by environmental influences, pass
unchanged through the soil, and find their way into the groundwater. For this reason, the health assessment
must be based on such related parameters as are available for comparison, e.g. existing statutory limits tor
concentrations in the soil [15] or concentrations that are known and accepted as tolerable in cultivated soils
[16).

4 The investigations

4.1 Selection of the samples and sampling

The study was intended to yield the broadest possible overview of the parameters on which to base an as-
sessment of the health impact of the natural and FGD gypsums available and commer-gially marketable at
the time the study was commissioned. With a view to achieving this aim, the sampliing locations and con-
ditions were selected to ensure that the gypsurm samples taken were representative in terms of their geo-
togical and chemical origin and other relevant circumstances. Furthermore, gypsum boards made of cal-
cined natural gypsum and FGD gypsum were included in the study for the anaiyses for dioxins and furanes.

Natural gypsum samples

Samples of natural gypsum were taken from ditferent geclogical formations at 12 separate active mining lo-
cations in northem, central and southermn Germany. The samples taken are representative, from both the
regional and the geological points of view, of the natural gypsums processed by the gypsum industry in Ger-
many. Specifically, the sampling locations wetre

— 5 deposits in younger and older Zechstein (Lower Saxony, Hesse)
— 6 deposits in Keuper (Bavaria, Baden-Wuerttemberg)
-~ 1 deposit in Muschelkalk (shelly mar) (Baden-Wuerttemberg).



The natural gypsum samples were taken at the minehead or in the gypsum processing works after com-
minution (grain size < 30 mmj} but before entry into the conditioning or calcinating process. For the sampling
procedure, sealed polyethylene containers of 10 litre capacity with record sheets and a polyethylene shaovel
of 500 m¢ capacily were sent t0 12 active natural gypsum mines. The samples were taken in the presence
ot officially appointed witnesses.

FGD gypsum samples

Samples were taken at a total of 15 coal-fired power plants (12 using hard coal, 3 buming lignite fuel). The

power plants were representative of

— the entire territory of the Federal Republic of Germany, from Bavaria in the south to Lower Saxony in the
north,

- afl major flue gas desulphurization processes used in Germany that produce gypsum as their end prod-
uct, and

-- ihe absorbents used, i.e. limestone (CaCO3) and quicklime (Ca0).

The FGD gypsum samples from lignite-firing power plants came from the Rhineland fignite mining region
and represent about 95 % of all FGD gypsum produced in lignite-fueled power plants in Germany.

in parallet'with the FGD gypsum sample, & sample of the absorbent used for flue gas desulphurization in
the same power plant was taken. The FGD gypsum samples were taken after the centrifuge or vacuum filter
(depending on which was present} at the start of the settiing belt over a period of about one hour of continu-
ous production. The absorbent sample (limestone or quicklime) was taken from the on-site inventory.

Each of the 15 power plants was sent two sealed polyethylene containers of 10 litre capacity, one for the
gypsum sample and one for the absorbent sarmple. These were accompanied by polyethylene shovels of
500 m¢ capacity as sampling tools and a specially designed sampiling record sheet. The samples were taken
on site in the presence of a swom sampler or a witness appointed by the cognizant health or local authori-
ties.

Return of the gypsum samples

The filled and sealed sample containers were returned to the institut fir Hygiene in Lilbeck in the period
from January to November 1988. All were accompanied by the sampling record sheets, duly filied in and
signed by the person taking the sample and the officially appointed witness.

On receipt at the Institut for Hygiene in Libeck, the gypsum samples were assigned coded laboratory
numbers, with separate series for natural gypsum and FGD gypsum samples. The identity of the samples
is known only to the institute.

Further to the natural gypsum and FGD gypsum samples taken, 8 mm thick calcinated naturai gypsum and
FGD gypsum boards (without cardboard lining) were obtained from two manufacturers for analysis for di-
oxin,

The measurements of gypsum dust concentration during sawing and drilling were performed on commer-
cially available gypsum boards.

4.2 Preparation of the samples

Natural gypsum samples

Ali the natural gypsum samples {grain size up to 30 mm) were dried for 60 hours at 40 « 2 °C. The individ-
ual samples weighed between 8000 and 12000 g. After drying, the entire natural gypsum sampie was ground
o a grain size of below 0.2 mm in a centritugal crusher with zirconium oxide grinding gear. Lumps were
broken up by pushing through a sieve with the aid of a brush. The sieved gypsum was first mixed 20 times
by coning for division into laboratory and retention specimens. The gypsum cone was then spread out over
an area of about 1 m?. This area was divided into 16 segments, and the contents of each segment were
successively filled into the prepared specimen containers by means of a 20 m¢ polyethylene scoop.



FGD gypsum samples

All FGD gypsum samples (weighing between 8000 and 12000 g each) were dried for 60 hours at 40 = 2°C
and then sifted through a plastic sieve with a mesh size of 0.2 mm. The subsequent worksteps were the
same as for the natural gypsum samples.

Similar analysis conditions were observed for the calcinated natural gypsum and FGD gypsum boards.

4.3 Proof of homogeneity

The homogeneity of each gypsum specimen was demonstrated by means of tests performed on material
from the laboratory and retention specimen containers (10 containers) using iron as indicator element.

Test for homogeneity of the gypsum specimens

The laboratory and retention specimens were tested for homogeneity in repeat determinations performed
according to the following analysis procedures:

Weighed quantities of about 2 g each were mixed with 100 m¢ distilied water and 50 m¢ hydrochloric acid
{concentrated superpure) and digested by heating for 15 minutes on a hotplate. After digestion, each speci-
men and the filtrate were topped up to 1000 m¢ with distilled water, mixed and filtered. 20 m# of this solu-
tion were transierred by pipette into a 100 m¢ graduated flask. 30 m¢ of 1% sodium hydroxide, 5 ms am-
monium acetate solution and 2 m¢ hydroxyl ammonium chioride solution were added in succession. The pH
value was required to be between 3.4 and 5.5. After mixing, 2 m¢ phenanthroline solution was added and
the mixture was topped up to 100 m¢{. After about 15 minutes, spectrophotometric measurement against
water was performed at a wavelength of 510 nm in a 5 cm cell [7). Homogeneity was determined statistically
by means of the “F test” procedure.

Calibration

The calibration procedure was repeated before each day’s analyses commenced. Standard solutions con-
taining 0.25, 0.5, 1.0, 2.0, 4.0, 5.0 and 6.0 mg of iron per litre were prepared. 20 m¢ of each of these solu-
tions were transferred by pipette into a 100 m¢ graduated flask, and the same volumes as above of sodium
hydroxide, ammonium acetate soiution, hydroxyl ammonium chloride and, after mixing, phenanthroline so-
lution were added. After about 15 minutes, spectrophotometric measurement against water was likewise
performed at a wavelength of 510 nm in a & cm cell. The calibration function and then the iron contents of
the specimens to be analyzed were determined by computer. The homogeneity was calculated with the aid
of a statistical program. Once the homogeneity of the specimens had been ascertained, the specimen con-
tainers were sealed.

4.4 Submission of the laboratory specimens
The natural gypsum and FGD gypsum specimens were sent to the following institutes for analysis:

— Institut far Hygiene der Medizinischen Universitat zu Labeck (Hygiene institute of Libeck Medical Uni-
versity) (Prolessor Beckert),

— Institut fir Hygiene und Arbeitsmedizin der Rheinisch-Westfilischen Technischen Hochschule, Aachen
(Hygiene and Occupational Medicine institute, RWTH) (Professor Einbrodt),

— Institut fir Wasser-, Boden- und Lufthygiene des Bundes-gesundheitsamtes, Beriin {Institute for Water,
Soif and Air Hygiene at the Federal Health Office, Berlin) (Professor Fischer),

= Institut far Strahlenhygiene des Bundesgesundheitsamies in Neuherberg (Institute for Radiology at the
Federal Health Office, Neuherberg) (Professor Schmier),

— Institut for Wasser-, Boden- und Lufthygiene des Bundes-gesundheitsamtes in Langen {Institute for
Water, Soil and Air Hygiene at the Federal Health Office, Langen) (Dr. Christmann).




4.5 Trace eilements

Round-robin analyses

Round-robin analyses were performed by the foliowing institutes for the purpose of harmonizing the anaiy-
sis procedures used:

— Institut {ir Hygiene der Medizinischen Universitat zu Libeck,

~ Institut {0r Hygiene und Arbeitsmedizin der Rheinisch-Westfalischen Technischen Hochschule, Aachen,
— Institut tor Wasser-, Boden- und Lufthygiene des Bundes-gesundheitsamtes, Berlin,

— TUV Hannover (technical inspection agency),

-~ VGB TECHNISCHE VEREINIGUNG DER GROSSKRAFTWERKSBETREIBER e.V. (association of
large power plant operators}),

— Vereinigte Elekirizitatswerke Westialen AG, VEW (power utility),
— VEBA Kraftwerke Ruhr AG, VKR (power utility).

All participants were sent homogenized specimens. The first round-robin analysis focused on the elements
arsenic, cagmium, chromium, lead, mercury and nickel. The second round-robin analysis encompassed all
16 elements 1o be covered by the study: arsenic, beryilium, cadmium, chromium, cobalt, copper, iron, lead,
manganese, mercury, nickel, selenium, tellurium, thallium, vanadium and zinc.

In addition to the specimens for analysis, each iaboratory was provided with one digested gypsum sample
and one reagent blank. The same 16 elements were determined in this digestion. In the round-robin analy-
sis, 4 pressure digestions were made from each specimen and 2 digestions for the reagent blanks,

Pressure digestion procedure

1 g of gypsum was weighed out on an analytical balance and transferred to the Tefion receptacle (50 m¢)
of the pressure digestion vessels, where it was mixed with 10 mé HNO; (concentrated superpure) and 1 m¢#
HF (concentrated superpure} and digested for 16 hours at 180 °C. After cooling, the vessels were opened,
20 m¢ saturated boric acid solution (about 4 % superpure) added, and the vessels closed again and the con-
tents digested for 2 hours at 120°C. After cooling again, the contents were quantitatively transferred to a
100 m¢ silica glass graduated flask, attention being paid to ensuring that all solids (precipitates) were like-
wise transferred, leaving no residue behind. This suspension was placed in a drying cabinet at 80°C until
a clear solution was obtained (after about 4 hours). After cooling, the solution was topped up to 100 m/# with
demineralized water. The individual elements in this solution were then measured by means of the additive
method {matrix modification} with the aid of an atomic absomption spectrometer. On conclusion of the round-
robin analyses, the circle of analysts met to discuss the results obtained. After the second round of analyses
the resuits were found 10 be adequately similar, so that agreement was reached on the methodology to be
used for the further analyses.

Daterrnination of the elernents

Unlike in the round-robin analyses, only two digestions of each gypsum specimen were prepared. Two
reagent blanks were prepared, as in the round-robin analyses. Otherwise, the analysis procedure was the
same as in the round-robin analyses.

4.6 Chemical parameters

Water of crystaliization

The water of crystallization content was deterrnined by weighing out 30 to 50 g of gypsum and dehydrating
it at 360°C until the weight remained constan.



Procedure for investigating the waler-soluble cormponents

5 g of gypsum + 250 mi H;0 were boiled for about 10 minuites. The mixture was atiowed to cool and then
filtered, and the filter residue was washed with hot distilied water. The sodium and potassium in the filtrate
were determined by flame atomic absorption spectrometry. Chloride, nitrate and cyanide were determined
in accordance with the standard DEV procedure [7] and the results checked by ion chromatography. The
pH value of the same filtrate was also determined.

Total digestion

1 g of gypsum + 10 mé HCI (concentrated) were heated at 100 to 110°C, then 50 m¢ of hot, diluted HC! (2 n)
was added and the mixture boiled. While stili hot, the mixture was filtered and washed five times more with
2 n HCI and then twice with hot water. The components in this digestion that had not been dissolved in the
hydrochloric acid were simultaneously determined. The calcium and magnesium in the filtrate were deter-
mined by a complexometric procedure and checked by ion chromatography. The SO, content in the diges-
tion was determined and the 505 content derived from this result. The iron was determined by means of
fiame atomic absorption spectrometry, NH; and P,0Og by the standard DEV procedure, and the fluoride con-
tent by ion chromatography.

Deterrnination of sulphites (stated as S0»)

210 5 g gypsum were mixed with 10 m¢ HCI {concentrated). The SO, was passed into a receiver with slight-
iy alkaline water by boiling for 10 minutes. The solution was oxidized with hydrogen peroxide 30 % and boiled
once before the SO, was determined by gravimetry in the form of SO,

Determination of carbonates

2 g of gypsum were put into a two-neck round-bottomed flask. H5C, was added via a dropping funnet un-
tit the CO; reaction was completed. Then the contents were boiled for 10 minutes. The gas was absorbed
in 0.2 n sodium hydroxide and the CO; content determined by back titration; allowance was made for the
803 content by means of a calculation factor.

4.7 Radioactivity

The procedure used to determine the specific radioactivity of the natural and man-made radioactive sub-
stances was as follows.

Preparation of the specimens

The specimens to be investigated were first homogenized and then filled into a measuring vessel (of maxi-
mum volume 350 ¢cm?) to the height required by the calibration of the test device. The weight of the speci-
mens was determined and the beakers hermetically sealed. Based on the assumption that the sampling
procedure and/or the preparation of the specimens might have upset the radioactive equilibrium between
radium 226 and its decay products, the specimens were first allowed o stand for 4 weeks 10 restore equi-
librium.

Determination of radioactivity

Measurements were performed on the specimens for 8 hours in the low-level test facility. The test facility
consisted of 2 extra-pure germanium detectors (energy range 0.01 - 3.0 MeV) which are positioned within
iead chambers (walis 7 cm thick) to shield them from ambient radioactivity. The measurement data from
each of the two detectors over the perod of observation were stored in a multichannel analyzer. On com-
pletion of the measurements, the data were evaluated on an on-line computer. The computer accessed a
nuclide library based on PTB (German {ederal physics authority) publication Ra-16/2, July 1986. Calibration



was performed with 2 mixed radium 226, thorium 232 and potassium 40 preparation. The nuclides were
identified

for potassiurn 40 via y energy 1.460 MeV

for radium 226 via y energies 0.609 MeV and 0.352 MeV and

for thorium 232 via y energies 0.583 MeV, 0.338 MeV and 0.811 MeV.

It any of these y engrgy levels was not identified, no activity calculation was performed.

The following further y energies were atso used in the aclivity caicutations for radium 226 and thorium 232:

radium 226
0.186 MeV, 0.242 MeV, 0.295 MeV, 1.120 MeV and 1.764 MeV

thorium 232
0.233 MeV, 0.300 MeV, 0.795 MeV, 0.860 MeV, 0.969 MeV and 2.615 MeV.

4.8 Dioxins and furanes

An extract was made from 100 g of gypsum by boiling three times for one hour each with 300 m¢ n-hexane
in reflux. 10 different *C-marked PCDD/PCDF were added to the extract, which was then concentrated by
further boiling and cleaned of interfering escort components by passing through a three-stage chromalo-
graphic column system. ldentification and quantifica-tion were performed by means of gas chromatography-
mass spec-trometry (GC-MS). The GC-MS system HP 5830 A/HP 5970 B (carrier gas helium, delivery pres-
sure 0.5 bar) was eguipped with an on-column injector, a retention gap (2 m x 0.32 mm i.d. disact. silica
gas capillary tubes), an open tubular column SP 2331 (50 m x 0.25 mm i.d. x 0.2 ym{.d.) and a silica glass
transfer capiliary tube (0.5 m x 0.25 mm i.d.) for direct entry into the mass spectrometer [4].

The following temperature program was used:

130°C, 1 min; 30°C/min; 200°C; 4°C/min; 240°C, 52 min; 5°C/min; 250°C, 33 min. The electricai energy
was 70 eV, the transfer capiliary temperature 280 °C. Two characteristic ions (M*, M+2+, M+4+ at dwell times
of 40, 50 and 100 ms) were used by means of the SIM mode.

The quantitative determination was performed internally via the admixed '3C standards subject to the con-
dition that within the homoiogous group the sensitivity to the isomers is identical. The reproduction rate was
85-102%.

The limits of quantification were set at 0.3 to 8 ng/kg (15 ng/kg for OCDF only), depending on the chlorina-
tion level and structure (Kongener). These limits were chosen in the light of the usual dioxin and furane con-
tents in our normal environment including the atmospheric air [22]. Neither dioxins nor furanes were de-
tected above these limits. Subsequent investigations performed on gypsum specimens have shown that di-
oxins and furanes can be detected if the limits of quantification are lowered. At such low concentrations,
which are lower than the known concentration levels in cultivated soils and the atmospheric air, the origin
of the dioxins and furanes cannot be positively identified. The defined limits of quantification at 0.3 1o 8 ng/kg
are appropriate for assessment of the health impact of the gypsums studied.

4.9 Polycyclic aromatic hydrocarbons

An extract was made from 100 g of gypsum in 100 m{ of cyclohexane in a one-hour ultrasonic bath. The
cyclohexane was decanted and extraction repeated. The combined cyclohexane phases were dried in a ro-
tary evaporator. The residue was absorbed in 5 m¢ isopropanol. The quantitative determination was per-
formed by means of high-pressure fiquid chromatography (HPLC). 20 ¢ of the isopropano! mixture were
used for the analysis.
HPLC conditions:
-— wavelengths: emission: 460 nm

excitation: 380 nm
-— gluate: 80/20 v.iv., acetonitrile/water, 1 mé/min

- column: HCODS, € 18.5 1,125 mm x 4.6 mm, Perkin Elmer



a. 10 Maximum dust concentration during sawing and drilling of gypsum prociucts
for the construction industry

To measure the maximum possible gypsum dust concentration that could occur under exceptional circum-
stances in the application environment, the following operations were performed in about half an hour of net
working time on 8 mm thick gypsum boards:

- 20 gimple drifled holes, \
s ‘5 cut-outs for power sockeis and i
" — 34 cuts of length 60 cm, in total about 20 m,

5 Results of the investigations

The results of the investigations and analyses performed are presented in table form. The following abbrevi-
ations are used in the tables:

Gn/88/N natural gypsum specimens

Gn/88/R FGD gypsum specimens from hard-coal-fired 'power ptants
Gr/88/R/B FGD gypsum specimens from lignite-fired power piants

M1 mixed naturai gypsum specimen

M2 mixed FGD gypsum specimen from hard-coal-fired power plants
M3 " mixed FGD gypsum specimen from lignite-fired power plants
GP1 gypsum board made from caicinated natural gypsum

GP2/3 gypsum board made from calcinated FGD gypsum

n.d. rot detectable (below the fimit of guantification)

n.p. not performed

insol. insoluble

W-S, water-soluble

tot. totai

mg milligram = 1/1000 gram

ug microgram = 1/1000 milligram

ng nancgram = 1/1000 microgram

z sum

5.1 Homogeneity of gypsum specimens
indicator element: iron

The homogeneity of the gypsum specimens was demonstrated with the aid of iron as indicator element as
described in 4.3 and listed in Table 1.



Table 1. Hormogeneity of the natural gypsum and FGD gypsum specimens.

Natural gypsum ¥ of all measure- Rel. standard “F" value®
ments in mg/kg deviation in %
G 1/BB/N 11428 2.7 1.2
G 2/88/N 2588 1.9 1.57
G 3I3IN 309 2.2 1.36
G 7/B#/N 2750 1.0 0.77
G 8/88/N 48 12.7 0.96
G 15/88/N 247 4.3 1.06
G 16/88/M 1128 2.3 1.46
G 17/88/N 3844 2.7 1.72
G 18/88/N 8544 3.1 1.52
G 19/88/N 412 4.7 248
G 20/88/N 216 5.6 1.85
G 21/88/N 3834 4.2 1.46
FGD gypsum
G 4/88/R 2 3.8 1.57
G /88/R 1028 2.8 0.93
G 6/88/R 194 3.0 0.8
G 9/88/R 432 25 2.79
G 10/88/R 1720 4.1 1.28
G 11/88/R 167 2.9 213
G 12/88/R 1055 1.0 0.55
G 13/88/R 508 3.0 0.62
G 14/88/R 349 ig 128
G 22/88/R 438 2.5 2.26
G 23/88/R 382 22 3.96
G 24/88/R 191 6.0 3.61
G 25/88/F/B1 2467 1.1 3.23
G 26/88/R/32 1754 1.43 1.38
G 27/88/R/B3 1545 0.51 0.87

* Statistical homogeneity according to “F test”,

g - _variance 8.7
variance 522




§2 Chemical parameters

The chemical parameters listed in Table 2 were determined as described in 4.6 to characterize the ma-
terials.

Table 2. Chemical parameters of natural gypsum and FGD gypsum.

Natural gypsum FGD gypsum
range range
min max mean min max mear

pH value 8.1 8.58 7.38 6.33 8.54 121
Water of crystallization % 15.21 18.68 16.51 19.83 20.88 20.32
CaQ Yo 30.80 44.41 35.82 31.03 32.08 31.68
804 Yo 3492 4217 37.75 43.95 4557 44 96
{CaS0, - 2H,0) from SO; % 75.07 90.69 81.19 94.52 98.00 98.72
{CaS0, - 2HO)
from water of crystaflization Y% 72.68 89.27 78.62 8475 99.76 97.07
MgO tot. Yo 0.01 o.10 0.06 0.01 0.t 0.03
NazO w-s. % 0.007 0.056 0.034 0.0003 0.08% 0.032
K20 w-s. % 0.002 0.014 0.006 < 0.00001 0.017 0.007
Fe,Oy tot. . % 0.02 0.55 0.19 0.0003 0.40 0.12
HC! insol. Yo 0.15 0.33 0.20 0.11 0.98 0.35
NH, % £.0003 0.008 0.003 0.0003 0.009 0.003
S0, % 0.01 0.05 0.02 0.01 0.08 0.03
P05 % < 0.0002 0.0006 0.0003 0.0001 0.0007 0.0003
F % < 0.00% 0.006 0.001 < 0.001 0.007 0.002
COz %o 0.18 0.77 0.53 0.11 0.94 0.45
CN w-s. mg'kg n.d. n.d. n.d. n.d. n.d. n.d.
Ct w-S. mo'kg 1.0 288.0 72.0 21.0 213.0 73.3

equivalent to mgf? 1.1 28.8 7.2 21 213 7.32
NO3 w-s. mg'kg 13.0 0.0 32.0 7.0 429.0 89.2

equivalent 1o mg/f 13 6.0 3.2 0.7 42.9 8.92




53 Trace elements

Quantitative determination was performed as described in 4.5 for 15 trace elements in alf, and the results
are presented in Tables 3 and 4.

Table 3. Trace elements in natural gypsum (mg/kg).

Probe Arsenic Beryllium t.ead Cadmium | Chromium Cobalt Copper Mangenesel
G 1/88/N 1.25 0.71 2141 0.29 24.9 4.26 14.0 132

G 2/88/N 3.14 0.49 <3 0.05 10.5 1.32 13.3 48.9
G 3/88/N 0.47 0.46 0.49 0.82 1.16 0.21 0.65 6.85
G 7/88/N 1.74 0.20 <2.5 0.35 6.33 0.96 6.75 49.4
G B/88/N 0.7t 0.0t <25 0.07 1.26 0.0t 0.18 5.48
G 15/88/N 0.51 0.51 0.58 013 0.85 0417 2.30 4.08
G 16/88/N 1.87 020 2.55 0.16 3.58 0.50 1.84 58.5
G 17/88/N 2.99 0.16 7.52 0.30 10.2 1.98 4.00 86.4
G 18/88/N 3.79 0.66 443 0.10 4.92 439 121 185

G 19/88/N 111 0.08 <25 0.07 353 0.27 3.75 25.8
G 20/88/N 0.22 < 0.1 0.46 < 0.02 0.65 0.12 0.01 8.46
G 21/88/N 2.82 0.62 213 0.03 22.0 2.30 6.85 195
Probe Nickel Mercury Selenium Tellurium Thallium Vanadium Zinc
G 1/88/N 11.4 < 0.01 011 <01 0.20 26.4 14.7
G 283N 2.10 0.01 0.18 <0.1 0.06 8.30 4.5
G 3/88/N 0.45 < 0.03 0.09 <01 < 0.05 1.3 <3

G 7/88/N 2.60 0.02 0.09 < 0.2 0.08 6.67 31.0
G &/88/N 0.42 < 0.006 0.05 < 0.2 <0.05 1.64 <3

G 15/88/N 0.40 0.03 0.06 <02 0.07 2.34 <3

G 16/88/N 2.83 0.02 0.05 < 0.2 0.08 2.41 9.0
G 17/88/N 5.80 < 0.02 0.07 <02 0.15 11.3 41.0
G 18/88/N 122 0.08 0.04 <02 0.19 226 17.0
G 19/88/N 1.43 0.09 n.<l. nd. n.d. 4.96 n.d.
G 20/88/N 0.30 0.01 <0.46 n.d. n.d. 6.93 2.6
G 21/88/N 13.4 0.05 nn. n.d. nd. 4.18 13.0




Table 4. Trace elements in FGD gypsum {mg/kg).

Probe Arsenic Beryliium Lead Cadmium | Chromium | Cobatt Copper | Mangenese
G 4/88/R 115 6.32 22.0 0.29 4.61 1.36 8.56 38.0
G 5/88/R 1.34 C.15 8.96 0.03 3.88 0.40 5.44 36.3
G &88/R 0.48 0.08 0.49 0.06 1.02 0.25 1.25 3.67
G 9/88/R 0.72 .04 <25 < 0.02 9.72 0.22 1.20 9.74
G 10/88/R 1.86 0.16 2.04 0.21 1.18 2.20 5.83 196

G 11/88/R 0.67 < Q.05 3.08 0.02 1.68 c.21 1.30 2.17
G 12/88/R 1.04 0.09 «2.5 ¢.03 3.32 a.27 1.90 106

G 13/88/R 1.13 < 0.1 3.10 0.02 4.30 0.24 1.65 15.8
G 14/88/R 0.21 <0.1 1.19 0.02 3.16 0.08 2.38 289
G 22/88/R 270 .10 12.2 < 0.02 2.3% .17 2.30 8.30
G 23/88/R 0.49 .65 0.27 0.0 2.18 0.08 2.37 28.0
G 24/88/R 0.42 .03 <25 0.003 1.80 0.04 3.99 2.04
G 25/88/RAB1 | 2.04 Q.24 <3 0.14 3.64 0.49 4.65 64.9
G 26/B8/R/MB2] 220 C.42 1.1 0.18 275 0.53 2.38 827
G 27/88/R/B3 | 2.650 0.10 6.41 = 0.02 4.80 (.48 i.10 417
Probe . Nicked Mercury Selenium | Tellutium Thallium Vanadium Zinc
G 4/88M 5.20 1.32 8.8 <03 0.42 7.70 83.2
G 5/88mM 0.85 0.66 1.03 < 0.1 0.05 3.48 22.8
G 6/88/R Q.55 0.03 2.68 <0.1 < 0.05 1.22 <3

G 9/88/R 2.51 0.87 2.67 <02 < 0.05 2.30 <3

G 10/88/R 12.9 1.02 13.3 <0.2 < 0.05 5.09 220
G 11/88/R 0.30 0.30 0.88 <0.2 < 0.05 1.49 <3

G 12/88/R 1.02 0.96 6.20 <0.2 < 0.05 423 7.00
G 13/88/R 1.26 0.10 15.7 <02 < 0.05 2.90 3.00
G 14/88/R 1.27 6.23 1.61 < 0.2 < 0.05 3.57 <3

G 22/88/R 1.10 0.80 110 nd. n.d. 3.30 1.70
G 23/88/R 1.36 0.33 227 n.d. nd. 262 4.60
G 24/88/R 0.60 0.27 n.d. n.d nd. 4.00 nd.
G 25/88/R/B1 1.63 0.76 n.d. n.d. n.d. 355 nd.
G 26/88/R/B2 3.12 0.66 2.30 n.d. nd. 3.92 43.0
G 27/88/R/B3 3.20 .90 0.70 n.d. nd. 5.40 24.3




5.4 Radioactivity

The resuits of the determination of natural radioactive materials performed as described in 4.7 are listed in
Table 5. The statistical error in the measurements is £ 10%. The detection threshoid of the procedure
used is 10 Bg/kg. No frace of the man-made radioactive materials cobalt 60, caesium 134 or caesium 137
could be found in any of the natural gypsum or FGD gypsum specimens.

Table 5. Natural radioactive materials.

Natural gypsum Potassium 40 Radium 226 Thorium 232
(Bg/kg) (Ba/kg) (Bg/kg)
G 1/88/N 370 20 20
G 2/88/N 120 20 20
G 3/88/N 30 20 20
G 7/88/N <10 15 <10
G B/88MN 70 10 10
G 15/88/N <10 15 <10
G 16/88/N 120 15 <10
-G 17/88/N 240 25 <10
G 18/88/N 360 30 10
G 19/88/N 85 25 <10
G 20/88/N <10 30 < 10
G 21/88/N 370 30 20
FGD gypsum
G 4/88/R 80 20 20
G 5/88/R 50 20 20
G 6/88R 30 20 20
G 9/88R 30 20 <10
G 10/88/R 70 20 <10
G 11/88/R 40 25 <10
G 12/88/R 58 10 <10
G 13/88/R < 10 20 < 10
G 14/88/R 60 1 20 <10
G 22/88/R 60 ‘ 15 <10
G 23/88/R S <10 20 <10
G 24/88/R 70 . 20 <10
G 25/88/R/B1 70 s 20 <10
. .G 26/88///B2 60 R <10 <10
G 27/B8/RB3 <10 20 <10



55 Dioxins and furanes

The results of the analysis for dioxins and furanes described in 4.8 are listed in Table 8. The vajues given
in parenthesis ( ) are the limits of guantification.

Tabile 6. Dioxins and furanes (ng/kg}.

G 1/88/N G 4/88/R GP1 M1 M3

G 2/88/N G 5/88/R GP2 M2

G 3/88/N G 6/88/R GP3
TeCDD (2,3,7.8) nd (<1} nd (<1) nd. (<05 |nd (<05 nd {<0.5)
5 TeCDD n.d. n.d. nd. nd n.d.
PeCDD (1.2,3.7,8) nd. {<3) nd.  {<3) nd. (<1} nd, (<1 nd.  {<1}
L PeCDD nd. n.d. n.d. n.d. n.d.
HxCDD (1,2,3,4,7.8) n.d. nd. n.d. n.d. n.d.
HxCDD (1,2,3.6,7.8) nd. (<38 | nd (<38 nd (<) nd {<1) nd. (<1}
HxCDD (1,2,3,7.8.9) n.d. n.d. n.d. n.d. n.d.
I HxCDD n.d. n.d. n.d. n.d. n.d.
HpCDD {1,2,3,4.6,7.8) nd. (<8 nd. ({<8) nd (<38 |nd (<358)]| nd. (<35
I HpCDD n.d. n.d. n.d. nd. n.d.
OCDD nd. {<8) nd. (<8) nd. {(<8) nd. (<8} nd. (<8)
TeCDF (2,3,7,8) nd. (<15} ind (<15 nd {(<03)|nd (<03} nd (<0.3)
I TeCDF n.d. ng, n.d. n.d, n.d.
PeCDF (1,2,3,4.8) + (7.8) nd nd. n.d. nd. n.d.
PeCDF (2,3.4,7,8) nd (<2} nd. {«<2) nd. (<08) |nd (<05 ] nd (<05
I PeCDF n.d. n.d. n.d. nd. n.d.
HxCDF {1,2,3.4,7,8) + {7.9 | nd. n.d. n.d. nd. n.d.
HxCDF {1,2,3,6,7.8) n.d. nd. nd. nd. n.d.
HxCDF (1,2,3,7,8.9} nd, {<25 |ad (<28 ad (<1} nd  {<1} nd, (<1
HxCDF {2,3.4,6,7.8) nd. n.d. r.d. n.d nd.
I HxCDF n.d. nd. n.d. n.d. n.d.
HpCDF (1,2,3,4,6,7.8) n.d. nd. nd. nd. n.d.
HpCDF (1.2,3,4,7,8,9) nd. (<38 |nd (<38 nd (<2 nd (<2 |lnd (<2)
I HpCDF n.d. n.d. n.d. n.d. n.d.
OCDF nd. (<15 Ind (<15} | nd. {<3) nd. (<3 nd.  {<3)

5.6 Polycyclic aromatic hydrocarbons

The polycyciic aromatic hydrocarbons were determined as described in 4.9. The results are compiled in
Tabie 7.

Table 7. Polycyclic aromatic hydrocarbons (PAH) (ug/kg).

Specimen PAH 1 PAH 2 PAH 3 PAH 4 PAH S PAME PAHL
G 7/88/N 57 0.2 n.d. n.d. 18] n.d. 6.0
G 9/88/R 1.2 0.1 n.d. n.d. nd. 13
G 11/88/R 0.1 n.d. nd. nd. n.d. n.d. 0.1
G 15/88/N 1.0 n.d. nd. n.d. n.d. nd. 1.0
M1 0.5 0.1 n.d. n.d. n.d. n.d. 06
M2 05 n.d. n.d. n.d. nd. nd. 0.5
M3 02 0.1 n.d. n.d. n.d. nd. G.3
PAH 1 = fluoranthene PAH 4 = benzo (a) pyrene n.d.: < 0.1 pgkg
PAH 2 = benzo (b} Hiuoranthene PAH & = benzo (ghi) perylene

PAH 3 = benzo (k) flucranthene PAH 6 = indeno {1,2,3-cd) pyrene



5.7 Maximum dust concentrations during sawing and drilling of gypsum products
for the construction industry

Measurements of the dust concentrations occurring under normail conditions during the smoothing and drili-
ing of gypsum boards yielded maximum values of 0.54 mg/m?3 for drilling and 4.9 mg/m?3 for smoothing/plan-
ing [27].

To take into account uncommon and even improper working conditions in do-it-yourself applications, ex-
tremely high dust concentrations were generated by large-scale sawing of gypsum boards in enclosed areas.
The total dust concentration when sawing work was in progress attained 208 mg/m?3, and this vaiue was
used to calculate the maximum trace element concentration in the application environment {Table 8).
Table 9 shows the gypsum dust concentrations measured after the work had finished (29 mg/m3).

Because of the cumulative distribution of the dust, a factor of 0.6 was used in the calculation, i.e. 60% of
the total dust concentration is taken as inhalable fine dust {Figure 1).

The quantification of the maximum trace element intake in the application environment assumed a iess com-
pact work pattern, with shont interruptions to the sawing action and a net working time of about half an hour
{4.10) spread over a period of one hour. To make allowance for this longer exposure time, the total dust
concentration was taken as 100 mg/m3 and the inhalable fine dust fraction as 100%.

Table 8. Gypsum dust concentrations measured during sawing work on gypsurn boards (about ¥5 hour).

yg/stage Y/siage conc./stage pgim? % cum. stage

61330 21.2 44122 21.4 1
49980 17.2 35964 38.4 2
40120 138 28863 52.2 3
81220 2B8.0 58432 80.2 4
38770 13.4 27964 935 5
17470 8.0 12568 996 6
9930 0.3 712 99.9 7

130 0.0 94 899 8

150 0.1 108 100.0 g

¥ 290170 100 208827
{208.8 mg/m3)
Table 8. Gypsum dust concentrations measured after sawing work on gypsum boards.
ug/stage %/stage conc./stage pg/m? % cum. stage

880 212 44122 214 1

2130 172 35964 38.4 2
5420 13.8 28863 52.2 3
26510 280 58432 802 4
13210 13.4 27964 93.5 3
7550 6.0 12568 99.6 8

410 0.3 712 99.9 7

150 0.0 94 99.9 8

200 0.1 108 160.0 ]

X 56460 100 29405

(29.4 mg/m3)
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Figure 1. Percentage and cumulative distribution of gyspum dust during and after sawing of gypsum boards.



5.8 Statistical evaiuation

Figure 2 compares the means and the associated perceniage standard errors of the elements analyzed
in the 12 natural gypsum and the 15 FGD gypsum specimens. The standard error of each mean is calcu-

lated from:

5% = =
vn
where X = mean of the analysis values
s = standard deviation
n = number of gypsum specimens.

The comparison shows that in the FGD gypsum specimens the means of all elements analyzed — except
mercury and selenium — are lower than or are of a similar order of magnitude to the corresponding values
in the natural gypsurmn specimens. The FGD gypsum contains significantly higher concentrations of mercury
and selenium than does the natural gypsum. This finding is confirmed 10 within an error probability of < 1%
by the test for median differences.

Arsenic, lead, manganese, nickel, tellurium, thalliurn and zinc impurities are present in comparable orders
of magnitude in both forms of gypsum, while the natural gypsums tend to exhibit higher concentrations of
the elements chromium, cobalt, copper and vanadium. The beryllium and cadmium contents are significant-

ly higher in the natural gypsum specimens.

6 Assessment of the effects of the various components
of gypsum on human health

6.1 Basic considerations

The yardsticks used in assessing the health impact of the substances contained in gypsumn are the applicabie
statutory limits and standards and a comparison with the concentration of those substances occurring in the
natural environment. The assessment takes into account the various fields of activity in which gypsum and
gypsum-based building rmaterials are encountered.

The production and processing environments

The standards adopted for assessment of the potential health hazard involved in the production and pro-
cessing of gypsum and gypsum-based building materials are the maximum workplace concentration (MAK)
and the technological concentration guidelines (TRK) issued by the Deutsche Forschungsgemeinschatt
(German research association) commission for the review of hazardous substances at the workplace [8].
The MAK is the maximum aliowable concentration, in the form of gas, vapour or airborne suspension, of
any substance on or with which work is being performed at the workplace, which to the best of modemn know!-
edge wili not impair the health of or cause undue discomfort to persons repeatediy or continuously exposed
to that substance for as a rule 8 hours at a time over a working week of on average 40 hours.

Since certain carcinogenic substances are unavoidable in a given technological application and may even
occur in nature, certain reference standards are necessary to aliow practical occupational safety measures
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to be effected in the form of monitoring of workpiace conditions and definition of suitable protective actions.
This is the purpose of the technological concentration guidelines (TRK). The TRK value for any hazardous
substance at the workplace is thus that concentration, in the form of gas, vapour or aitbome suspension,
which can be achieved under state-of-the-art workplace conditions and which serves as a reference stand-
ard for the protective actions to be taken and the technological monitoring to be performed at the workplace.
TRK values are issued only for hazardous substances for which no MAK values can yet be defined. Ob-
servance of the technologicat concentration guidelines at the workplace is intended to reduce the health

hazard but cannot eliminate it completely [8].

The application environment

in the application environment, where the gypsum-based building materials are used in practice, the as-
sessment of the heatith impact of the potentially hazardous substances must take into account a completely
different section of the poputation exposed to those substances under completely different conditions than
those pertaining at a workplace in the production or processing environment. in the application environment,
allowance must also be made for elderly and infirm persons and for children, whose resistance to those sub-
stances may be weaker than that of a healthy worker. Also, exposure may continue around the clock and
possibly over a iong period in a person's tifetime. For this reason, the MAK and TRK concentration values
applicable to workplace conditions are not necessarily suitable as standards in the application environment.
While the MAK and TRK values are based on sound scientific foundations, the basis for defining suitabie
thresholds for the application environment is still extremely deficient.

The potentially hazardous substances identified in the gypsum specimens are in the main non-volatile heavy
metals. Nor do the finished and processed gypsum products release any dust into enclosed areas. Con-
sequently, hazardous component substances can find their way into the air in enciosed areas only if the
gypsum products are machined or drilled or, in & worst-case situation, sawn in an inexpert fashion. The study
investigated even this worst case. The tindings are described and discussed in the foilowing.

The present assessment of the health impact of gypsum dust generated by working with gypsum in the ap-
plication environment and the associated intake of carcinogenic trace elements is based essentially on com-
parisons with the amounts of poliutants which we absorb from other sources in our natural environment. The
reference parameters are, in particular, the concentrations of the respective pollutants normally to be found
in atmospheric air in clean-air regions. However, these comparisons are to be seen against the background
of the fact that exposures to pollutants from gypsum dust are usually sporadic and of short duration only.
By contrast, the intake of poliutants from the natural environment is as a rule the result of continuous ex-
posure, This difference must be taken into account particuiary in the case of the carcinogenic heavy metals,
as the health risk is propartional to the product of the concentration of the carcinogenic substance and the

duration of the exposure.

The disposal environment (landfills)

The analyses performed 1o deterrmine the heavy metal content in the gypsum specimens related not to the
elutable fractions but to the total content of these substances. For this reason, the standards used for as-
sessing the impact of the various gypsum components are the existing statutory limits for concentrations in
the soil [15] and the trace element concentrations commonly found and accepted as tolerable in cultivated
soils [16]. Since the health impact of gypsum components in a landfili can be assessed only indirectly via
the extent to which they poliute the drinking water, this assessment is performed at the end of this chapter,
separately from the assessments {or the individual components.

62 Terms of reference

The foilowing assessments of the effects of the individual components of gypsum on hurman heatth are based
on the results of the analyses performed and, in the case of gypsurn dust at the workplace, on the findings
of investigations performed and published elsewhere [27].



6.3 Gypsum dusts

The statutory dust limit of 8 mg of fine dust per m2 air [8] is taken as the maximurm exposure concentration
of gypsum dusts during an 8-hour working day in a production and processing environment. The purpose
of this statutory dust limit is to ensure that the proper functioning of the respiratory organs is not impaired
by exposure to ordinary dust. However, even if the statutory dust limit is properly observed, a health haz-
ard cannot be positively ruled out unless it is known with certainty that the dust can have no mutagenic, car-
cinogenic, fibrogenic, toxic or allergenic effects.

The effects of gypsum dust on human health were first investigated at an early stage of research into pneu-
moconiosis. Unlike in the case of other activities involving an exposure to dust, such as mine work, the X-
rays made of workers from gypsum mines and processing works revealed no evidence either of reaction-
less retention of dusts in the lungs or of any fibrotic reaction [20]. Both the use of improved X-ray techniques
and examinations performed on the lungs of deceased gypsum workers allowed the conclusion to be drawn
that inhaled gypsum dust does not produce any morbific etfects on the lungs [5, 11). Animal experiments
involving long-term inhalation of gypsum and quartz demonstrated that calcium sulphate is to be regarded
as an antagonist to crystaliine silicon dioxide {21, 23]. The property of promoting the elimination of quanz
from the lungs, the unspecific — inert — dust reaction of the gypsum, and its positive efiects on (silico-)tu-
berculosis led to caicium suiphate dust being used as a so-called “shielding dust” to prevent silicosis, How-
ever, this therapeutic use of gypsum dust did not go unchallenged, the main arguments raised against it
being the impurities contained in the gypsum, depending on its origin [6, 10, 18]. A more recent clinical study
performed on gypsum mineworkers proves that it is only the silicon dioxide content that is responsible for
changes to the lungs [18].

A comprehensive study to investigate the mutagenic and carcinogenic properties of calcium sulphate dust
was performed at the institut fir Hygiene und Arbeitsmedizin der Rheinisch-Westfalischen Technischen
Hochschule, Aachen (Hygiene and Occupational Medicine Institute, RWTH) under Professor Einbrodt {2
This study used FGD gypsum in dust form in animal experiments to clarify the medical aspects of a pos-
sible toxic effect on the lungs. The test animais (young female rats) were exposed to a once-only gypsum
dust concentration of 25 mg in 0.5 m¢ isotonic sodium chioride solution, applied intratracheally. The animals
were examined at intervals of one day, one, three, eight and eighteen months. Histological examination of
the lungs revealed signs of an unspecific alveolitis. However, no evidence of granuloma development or en-
hanced connective tissue formation indicative of incipient pulmonary fibrosis was found in the histological
specimens. Parallel chemical analysis by means of flameless atomic absorption spectrometry revealed no
elevated presence of aluminium, chromiun or nickel in the parenchymatous organs such as the lungs, kid-
neys or liver. in the early stage of the experiment a build-up of lead in the thighbone was noted, this being
washed out after 18 months. The mutagenity tests to Ames made it possible to classify the applied dust as
positively non-mutagenic. From these findings the conclusion can be drawn that the gypsum dust used in
the experiments can be considered inert.

Like in other highly dust-generating activities, the elevated dust concentrations possible for short times dur-
ing drilling and sawing of gypsum-based building materials in the application environment make it neces-
sary to take protective actions, e.g. wearing a face mask, even if just for comfort. The dust exposure of the
do-it-yourself arnateur is to be considered the “worst case” scenario. The amounts of inert calcium sulphate
dust that can be inhaled or ingested during the limited time period spent engaged in these activities do not
constitute a heaith hazard.

6.4 Anions and cations

Chemical analyses were performed to determine the anion and cation contents in the gypsum specimens.
These components of the gypsum can be of relevance to human health only under cenain circumstances
in the context of the disposal of gypsum and gypsum-based building materials in landfills. For this reason,
this aspect is discussed in the section dealing with the assessment of the health impact of FGD gypsum and
natural gypsurm products in fandfills.



6.5 Trace elements

The production and processing environments

The calculations are based on the statutory dust limit (MAK) of 6 mg/m?>. The concentrations of the individ-
val trace elements are obtained as follows:

max. trace element concentration (ug/m?) =
dust concentration (mg/m3) - trace element content {mg/kg} - 1073;

e.g. for arsenic (maximum arsenic content in gypsum = 4 mg/kg):
max. arsenic concentration = 6 - 4 - 103 = 0.024 pg/m?3.

Table 10. Companson of maximum trace element concentrations in gypsum dust (particles suspended in air} in pro-
duction and processing environments with the maxirmum allowable concentration (MAK/TRK].

Element Max. content in Max. concen- MAK TRK Max. concen-
natural FGD tration in tration in
gypsum gypsum gypsum dust gypsum dust
(mg/kg) | (mg/kg) (ug/m?) (pg/m®) (ug/m®) | corresponds to:

Arsenic 4 3 0.024 100 1/4000 TRK

Berytlium 0.7 06 0.004 2 1/600 TRK

Lead 21 22 0.130 100 1/800 MAK

Cadmium® 0.5 0.3 0.003 ' * -

Chromium 25 10 0.150 10C 1700 TRK

Cobalt 4 2 0.024 100 114000 TRK

Copper 14 g 0.084 1000 1/12000 MAK

Manganese 130 200 1.200 500 17400 MAK

Nickel 13 13 0.078 500 /6000 TRK

Mercury 0.09 1.3 0.008 100 1112000 MAK

Selenium 0.5 16 0.096 100 11000 MAK

Tellurium 0.2 0.3 0.002 100 1/50000 MAK

TFhallium 0.2 04 0.002 100 1/50000 MAK

Vanadium 26 8 0.156 50 1300 MAK

Zing 40 50 0.300 5000 117000 MAK

* No MAK or TRK values have been defined for cadmium

In the production and processing environments, the maximum trace element concentrations are 1/300 to
1/50000 of the respective MAK values. Thus, there is no health hazard due to the intake of copper, lead,
manganese, mercury, selenium, tellurium, thallium, vanadium and/or zinc from gypsum dust. The maximum
concentrations of the substances thought to be carcinogenic were found to be between 1/500 and 1/6000
of the respective TRK values, Observance of the technological concentration guidelines at the workplace is
intended to reduce the health hazard but cannot efiminate it completely. Since, however, the maxirnum con-
centrations of the trace eilements arsenic, beryllium, chromium, cobalt and nicke!l in the gypsum dust is three
to four orders of rmagnitude below the respective TRK values, the health risk due 1o intake of these elements
is negligible. No TRK value has yet been defined for cadmium, which is suspected of being carcinogenic.
For this reason, the concentration of cadmium in the gypsum dust was compared with the IW 1 exposure
limit (0.04 pg/mS) prescribed in the German clean air reguiation (TA Luft) [26], which, however, refers not to
workplace concentrations but to concentrations in the atmospheric air. The maximum cadmium concen-
tration in the gypsum dust was only 1/10 of this exposure limit. The health risk due to intake of cadmium is

thus likewise negligible (Tabie 10).

The application environment

The calculations for the application environment were based on the maximum gypsum dust concentration
during sawing as determined in the experiments with allowance for the cumulative distribution of the dust
and the working practices (5.7). However, the assessment is based not on the trace element concentrations
present in the gypsum dust but on the trace element intake during a specific period of time.

The following calculations of the maximum intake of trace elements from gypsum dust are based on the as-
sumption that sawing of gypsum boards and the associated high dust concentration, as described in the



worst-case application scenario in 5.7, is a very rare working practice. Accordingly, it is assumed that this
kind of work on gypsum boards will be performed twice over a period of ten years, each time involving one
sawing session of 1 hour per day and an inhaled volume of 1 m¥h.

By way of comparison, the trace element intake in clean-air regions and the potlutant intake by a worker
under conditions deternined by the maximum TRK or MAK concentrations over the same (10-year) pericd
were calculated and used as the basis for the assessment.

Caiculation of the volume of clean air inhaled over 10 years, based on an exposure time of 24 hours per
day:

inhaled volume: 10 m®/24 h x 365 x 10 = 3.6 x 104m3.

Calculation of the volume of air inhaled by a worker based on a 40-hour working week and 45 working weeks
per year:

inhaled volume: 10 m%8 h; 50 m3/week;

50 mi/week x 45 weeks = 2.25 x 10% m¥ysar
in 10 years: 2.25 m® x 103 x 10 = 2.25 x 10m?®

Table 11. Comparison of a maximum trace element intake from gypsum dust (particles suspended in air} in the ap-
plication environment with the maximum allowable trace element intake of a worker in the production and
processing environments at the maximum allowable dust concentration (MAK/TRK) and with the intake from
clean air [1, 25].

Element Max. concentration Intake over & period of 10 years
of elerment Max. intake in Max. intake by a worker Intake in
at 100 mg/m? an application at max. allowable clean-air
total dust environment dust concentration regions
{(pg/m3) (ug) (MAK/TRK) (ug) (g
Arsenic 0.40 0.8 226 x 108 365
Beryliium 0.07 0.14 4.50 x 104 ’
Lead 247 4.34 2.25 x 108 3600
Cadmium 0.05 0.10 b 75
Chromium 2.50 5.0 2.25 x 108 < 385
Cobalt 0.40 o8 2.25 x 108 365
Copper 1.40 28 2.25 x 107 3600
Manganese 20.00 400 1.13 x 107 .
Nicket 1.30 26 1.13 x 107 800
Mercury 0.13 0.26 2.25 x 108 730
Selenium 1.80 32 2.25 x 108 365
Tellurium 0.03 0.06 2.25 x 108 .
Thallium 0.04 0.08 2,28 x 108 .
Vanadium 2.60 52 1.13 x 108 .
Zing 5.00 10.0 113 x 108 7300

*  lInsufticient data available on concentrations of this substance in clean-air regions
** No MAK or TRK values have been defined for cadmium

The intake of the potentially carcinogenic trace elements arsenic, cadmium, chromium and nickel in the ap-
plication environment lie between 1/100 and 1/1000 of the intake of the same elements in clean air over the
assumed period of 10 years. The intake of these elements in the application environment is five to seven
orders of magnitude lower than the maximum allowable intake of trace elements at the workplace on the
basis of the applicable limits and standards (MAK/TRK). Thus, there is no health hazard due 1o the intake
of trace elements in gypsum dust in an application environment (Table 11).

6.6 Radioactivity

The highest values for radicactivity from natural radicactive substances found in any of the gypsum speci-
mens were:



— potassium 40; 370 Ba/kg
— radium 226: 30 Bag/kg
~ thorium 232: 20 Bo/kg

Radium 226 and thorium 232 are significant in terms of the exposure of the occupants to radioactivity. Po-
tassium 40 makes only a minor contribution to the overall radioactivity. The arithmetic mean from about 1000
samples of building materials of various types yielded a radium concentration of 40 Bg/kg and a thorium
concentration of 30 Bq/kg [14]. The radionuclide concentration in the natural gypsums and FGD gypsums
studied was thus below the average of other building materials. This supports the conclusion that there can
be no objections from the radiological point of view 10 the use of the gypsum-based materials studied in the
construction of buildings for residential or other human occupancy purposes.

The man-made radioactive substances cobalt 80, caesium 134 and caesium 137 were not detected in any
naturai or FGD gypsum specimens.

6.7 Dioxins and furanes

Dioxin ranks among the most highly toxic organic compounds. For this reason, it is a basic requirement that
building rmaterials should not give rise to any dioxin exposure in enclosed areas. No dioxins or furanes were
detected in any of the natural gypsum and FGD gypsum specimens analyzed, nor in any of the gypsum
boards made of natural or FGD gypsum.

6.8 Polycycelic aromatic hydrocarbons

The natural gypsum and FGD gypsum specimens were also analyzed to determine their polycyclic aromatic
hydrocarbon conteni. The most common compound posing a potential health hazarg in this group is ben-
zo(a)pyrene. The health implications of these substances derive from the fact that statistical studies have
established a probable link between the occurrence of tumours in human beings and frequent contact with
mixtures of polycyclic aromatic hydrocarbons in an industrial environment.

No benzo(a)pyrene was detected in any of the gypsum specimens analyzed. Thus, adverse effects on health
due to the presence of benzo(a)pyrene in gypsum dust can be positively ruled out.

6.9 Disposal of natural gypsum and FGD gypsum products on landfills

For the purposes of assessing the health impact of the trace elements, in particular of the heavy metals, in
gypsum and gypsum-based building materials deposited on landfills via the extent to which they can poliute
groundwater and drinking water, Table 12 compares the trace element contents found in gypsum speci-
mens with the statutory limits for allowable concentrations of those elements in the soil [15] and with the
concentrations that are accepted as tolerable in cultivated soils [16].



Table 12. Comparison of the trace element concentrations in the gypsum specimens analyzed versus the statutory
in-soil concentration fimits and with the concentrations frequently found and accepted as tolerable i
n cuftivated soils.

Totat content of Total content of
trace elements of trace elements
in gypsum specimens in cultivated soils
{mg/kg) {mg/kg)
Element natural gypsum FGD gypsum frequent tolerated limmit
min max min  max values values values

Arsenic 0.22~379 0.21-270 2-20 20
Lead 0.46 ~ 21.40 0.27 -~ 22.00 0.1-20 100
Cadmium 6.03-0.30 0.003 - 0.29 0.1-1.0 3
Chromium 0.65-24.90 1.02-9.72 2-50 100
fluorine 10 - 60 1070 80 - 200 200
Nickel 0.3~ 13.40 0.3~12.80 250 50
Mercury 0.006 — 0.05 0.03 - 132 0.1-1 2

As this comparison shows, the total content of those trace elements that are significant in terms of poten-
tial effects of gypsum or gypsum products in landfills on the drinking water is considerabiy lower, both in
natural gypsum and in FGD gypsum, than the generally accepted and tolerated concentrations of those el-
ements in the soil. Nearly all the concentrations measured were within the ranges commonly found in culti-
vated soils {15, 16].

Thus, poliution of the soil, and thus potentially of the groundwater and drinking water, to above-normal lev-
els by the trace element content, and in particular the heavy metal content, of gypsum and building rubble
trom products made of natural and FGD gypsum dumped on landfills can be positively ruled out.

The influence of the cations and anions in natural gypsum deposits on the groundwater is known. The ma-
jor contributing factor is the suiphate, with the result that the groundwater of soils with a high calcium suiphate
content may have a relatively high sulphate concentration. For the purposes of assessing drinking water
quality [29], separate limits are distinguished for magnesium sulphate and sodium sulphate on the one hand
and calcium sulphate on the other. Gypsum is considered unproblematic in this context, on the basis of the
tindings of various studies that demonstrate that suiphate concentrations of up to 1000 mg/{ in the drinking
water produce no adverse effects even after many years [3]. For the assessment, it can thus be taken for
granted that natural gypsum deposits do not constitute a threat to the drinking water.

No clear distinctions could be found between natural gypsum and FGD gypsum. In alf spacimens, the con-
centrations of elutable nitrate were below the aliowabie concentration of 50 mg/¢ provided for in the Ger-
man drinking water ordinance {29]. The concentrations of elutable chioride — for which the drinking water
ordinance make no provision - are below the standards given in DIN 2000 (250 mg/¢) [9] and in the WHO
Guidelines (350 mg/¢} [32]. Thus, from the point of view of its heaith impact, the FGD gypsum analyzed is
just as harmless in landfills as is natural gypsum in geological deposits.

7 Conclusions and experts’ opinion

7.1 The rman-made radioactive substances cobalt 60, caesium 134 and caesium 137 were not detected
i any of the natural gypsum or FGD gypsum specimens analyzed. The natural radioactive materials con-
tent was very low by comparison with that of other frequently used building materials. The medically sig-
nificant polycyclic aromatic hydrocarbon benzo(a)pyrene was not detected in any specimen. Dioxins and
furanes were not detected either in the natural gypsurn specimens or in the FGD gypsum specimen. For
this reason, these parameters investigated in the study are no fonger considered in the tollowing assess-
ment.



7.2 In the production and processing environments, contact with gypsum occurs via the respiratory tract.
The statutory dust limit {maximum workplace concentration, MAK) of 6 rmg/m?® was taken as the maximum
exposure concentration, since the inert gypsum dust can be regarded as posing no health hazard. Quanti-
tative analysis for trace elements, in particuiar heavy metals, showed that the quantities of all elernents for
which analysis was performed — with the exception of mercury and selenium — in the FGD gypsum speci-
mens were below or in the same order of magnitude as their occurrence in natural gypsum. The mercury
and selenium concentrations are considerably higher in the FGD gypsum than in the natural gypsum. in the
cases of beryllium and cadmium, the concentrations in the natural gypsum are significantly higher than in
the FGD gypsum. The concentrations of all elernents are very low, lying below 1/300 of the respective MAK
or below 1/500 of the respective TRK values, whichever standard was applicable in each case. Thus a health
risk from the production and processing of natural gypsum and FGD gypsum can be positively ruled out.

7.3 In the application environment, where gypsum-based building materials are used in the construction
of enclosed living or working areas, no gypsum dust is normally produced, so that a potential exposure can
be ruled out. Only in exceptional cases, when work is performed on gypsum-based building materials, in
particular by do-it-yourself amateurs, may persons be exposed to gypsum dust for short times. The gypsum
dust concentrations occurring in such cases are as a rule below the statutory dust limit (MAK). The trace el-
ement concentrations occurring in the gypsum dust are, as demonstrated eariier, very low and can be con-
sidered to pose no risk, in particular in view of the short exposure times.

To take into account extraordinary circumstances, 100, extremely high dust concentrations were generated
such as could arise especially if gypsum boards are inexpertly sawed. These exposures are considered the
“worst case” scenario for the do-it-yourself amateur. High gypsum dust concentrations, like high dust con-
centrations in any other activities, would make it necessary to wear a face mask, even if only for comfort
reasons. However, these conditions would apply only very rarely, with the result that the trace element in-
take over a 10-year period would be less than 1/100 of the pollutant intake from clean air. Thus, there is no
health risk in this case, either.

7.4 When gypsum products are disposed of in landfills, their trace element content does not differ sig-
pificantly from the concentrations normally found in cultivated soils. The trace element concentrations in the
natural gypsums and FGD gypsums analyzed are much lower than the applicable statutory limits and the
values normally accepted as tolerable for cultivated soils. Otherwise, there is no significant difference in
chemical composition between natural gypsum and FGD gypsum, so that the impact of gypsum or gypsum
rubbie disposed of in landfills on the groundwater is similar to the impact of natural gypsum deposits, deriv-
ing only from their sulphate content, which does nat pose a health hazard. A further factor to note in this
context is that the amounts of gypsum deposited in a landiill will as a rule be much lower than the amounts
present in a natural gypsumn deposit.

7.5 In summary, the analyses demonstrated that the differences between natural gypsum and FGD gyp-
sum in terms of their chemical composition and trace element content are so slight as to be of no relevance
to health. The results of the analyses lead to the conclusion that the natural gypsums and FGD gypsums
studied can be used without reservation on health grounds in the manufacture of building materials.
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