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Public Citizen’s Health Research Group
Gentlemen:

Your letter to Ann Brown dated February 24, 2000 has been

forwarded toc the QOffice of General Counsel for a determination ol
whether 1t shculd be docketed as a petition for rulemaking.

Your request for a ban ¢f lead-containing candles and wicks
scld for cancle-making tThat ccntain lead has been docketed as z
petition under the Federal Hazardous Substances Act (FHSA). For
the reascns explained below, the other reguests 1n your
submission have not been docketed as part of the petition. We
have also IECELVEd a joint request fcr a ban of lead 1n canclis
Wwicks from the Naticnal Apaziment Assacration (NAAR) and the
Vatlonal Mule_ Hou=1nq Council (NMEC) Accordingly, your racu
and thelrs nave ceen docketea collectively as Petition No HE
[

2 n

0

The racalls you reguested would not raguire rulemaking t2
implement Therefore, the Commissicon's procedural rules for
petiticns, at 16 C.F.R. § 1051, do not agply to that reguest, an
the request fcr racalls 1s nct belng dockected as part of the

n
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petition. This request will be consicered separately by C:SC’s
Office of Comeliance.

Your reguest for a ktan cof candles 1n mecal containers tha=z
contain lead has not been docketed as a petition because 1t cces
not meet the requirements cf the Commission’s rules for
petiticons., Specifically, the submission does not contain
information on the risk to consumers from such candles and thus
does not centain facts showing that the ban 1s necessary. 186
C.F.R. § 1051.5(a} (4). Further, 1t 1s nct clear what produczs
would be ccvered by this request. If you wish to supplementc vour
submission 1n these regards, please do so wicthin 30 davys

The Office ¢f the 3ecretary will keep you advised of tne
status of your petition.

Sincerely,

Stephen Lemberg
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Ann Brown, Chairperson =
US Consumer Product Safety Commission
Washington, DC 20207-0001

Dear Chairperson Brown:

We are petitioning the Consumer Product Safety Commission to immediately ban and recall all
candles with lead-containing wicks, candles in metal containers that contain lead, and wicks sold
for candle-making that contain lead as an imminent hazard to the public health on the grounds
that continued sale of these items violates provisions of the Federal Hazardous Substances Act
and the Consumer Product Safety Act. Additionally, we urge the Consumer Product Safety
Commission to warn consumers of the potential dangers from exposure to ambient air metals
emitted from candles containing metallic cores such as zinc or tin Put do not contain lead.

In 1973, Public Citizen's Health Research Group petitioned the Consumer Product Safety
Commission to remove candles with lead-containing wicks from the market.! However, in 1974,
in lieu of a complete ban, the candle industry and CPSC arrived at a voluntary agreement to
immediately stop making candles with lead-containing wicks. To determine whether this
voluntary agreement has been effective, especially because of reports that these candles were
once again being sold, we conducted a survey this month of 285 types of candles in 12 stores 1n
the Baltimore-Washington D.C. area. We found that 3% (9/285) of all types of candles on store
shelves had wicks containing significant quantities of lead, ranging from approximately 24,000
ug to 118,000 ug (33-85 percent lead by weight). Each of these 9 candles, when bumed for 3
hours daily i a 15 ft. by 15 ft. by 8 fi. room, would result in average 24-hour air lead levels
ranging from 14-49 ug/m’®, 9-33 times the EPA Air Quality Standard for iead. Other studies done
in the past two years found that candles purchased 1n Michigan and Florida also had lead-
containing wicks. History has shown that the 1974 voluntary agreement has fmled. Furthermore,

'Public Citizen's Health Research Group, Letter to Richard D Simpson, Chairman, Consumer Product Safety
Commussion, December 6, 1973

Ralph Nader, Founder
1600 20th Screer NW « Washington, DC 20009-1001 » (202) 588-1000 « www anzen ofg
oullipa (@ Privvs on Revycied Paper
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labeling of lead-containing candles will not suffice to protect the people most susceptible to lead
toxicity. fetuses, infants and young children Even if all U.S. candle manufacturers, who
currently sefl $2.3 billion dollars worth of candles annually, ? stopped using lead now, millions of
candles with lead-containing wicks would remamn on the shelves and imports would probably
continue or might even increase. These reasons necessitate a complete ban and recall of these
hazardous products.

At least one country has recently tackled this problem definitively. In September 1999,
Australian Minister of Financial Services and Regulation Joe Hockey ordered the ban of all
candles with wicks containing lead. He recognized that “Public health experts have confirmed
that lead emissions from any source pose an unacceptable public health risk and can result in
increased blood lead levels in unborn babies, babies and young childremn.. .. Public health experts
have confirmed that the candles pose a risk to public health if burned in a confined space.™

In this petition, Public Citizen’s Health Research Group documents the following:

1. Candles with wicks containing lead are currently on store shelves and millions are sold
annually.
2. Burning candles with wicks containing lead causes high lead exposure both through air

and surface contact.
3. Tke air and surface lead levels produced by candles with lead-containing wicks are

sufficient to significantly raise blood lead levels.
4. The increased blood lead levels from burning these candles can cause permanent deficits
in development, behavior, and intelligence,
Alternatives ta lead-containing wicks exist.
Labeling will not adequately protect candle-users. u
7. The Consumer Product Safety Act and the Hazardous Substances Act require the
Consumer Product Safety Commission to ban and recall these products.

™ ta

BA O ON

Effects of lead exposure: Lead has been known to adversely affect health since antiquity.
Hippocrates (370 BC) noted lead to have caused a severe attack of colic.* The ruling class of
Romans was heavily exposed to lead through wares and lead in syrups used to sweeten wine.
Consequently, gradual lead poisoning may explain the eccentric behavior and insamuty of many

XCandle industry facts The National Candlc Association home page. Iaternet web site
(http //www_candles org/facts htm). National Candie Association, 1030 15th Street, Swite 870, Waghmgton, DC
20005

The Honorable Joe Hockey, The Minuster for Financial Services & Regulation, Australia. Hockey Bans Lead
Candle Wicks. Press release, 9/1/99 Avalable at http//www minfsr treasury gov.au/

* Huater D The Duseases of Occupanons The Enghsh Universities Press LTD, 4* ed. p. 239, 1969.
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of the Roman emperors that ultimately led to the fall of the Roman Empire.’ Similar exposures
may explain eccentric behaviors of the British ruling class in the 18* century.* More recently,
chronic lead exposure has been implicated in high blood pressure, digestive problems, nerve
disorders, memory and concentration problems, muscle and joint pain, ’ encephalopathy
(pathologic changes of the bramn) and death. Furthermore, decreased mtelligence,’ mnor
antisacial behavior,' increased high school dropout rates," and impaired development,

* Emsley, J. When the Empire struck lead. The gradual poisoning of the ruling classes in ancient Rome with lead
may have caused the downfall of their empmre [hd the British Empire suffer the same fate? New Scientist, 25
December 1986- I January 1987, pp. 64-67.

® Jbud.

" Consumer Product Safety Commussion, Protect your family from lead in your home. CPSC Document #426.
EPA747-K-94-001, May 1995.

* Klagssen CD Heavy metals and heavy-metal antagonists, in Goodman and Gilman’s: The pharmacological basis
of therapeutics. 9 ed. Chapter 66, p.1650-1652, Mc Graw-Hill, New York. 1996.

*Baghurst PA, McMichael Al, Wigg NR, et al. Environmental exposure to lead and children’s intelligence at the age
of seven yoars. The Port Pirie Cohort Study The New England Joumal of Medicine 327: 12791284, 1992.

Dietrich KN, Berger OG, Succop PA, ¢t al. The developmental consequences of low to moderate prenatal and
postnatal lead exposure; Intellectual attzinment in the Cincinnati lead study cohort folkewing school entry.
Neurotoxzcology and Teratology 15:37-44, 1993,

Fuiton M, Raab G, Thomson G, et al. Influence of biood lead an the abulity and attainment of children in Edinburgh
Lancet 1-1221-1226, 1987

Neadleman HL, Gatsoms CA. Low-leve] lead exposure and the 1Q of children. A meta-analysis of modem studies.
Joumal of the American Medical Association 263: §73-678, 1990,

Needleman HL, Gunnoe C, Leviton A, etal Deficits 1n psychologic and classroom performance of children with
elevated dentine lead levels The New England Journal of Medicine 300:689-693, 1979

Needleman HL, Geiger SK, Frank R. Lead and IQ Scores: A reanalysis. Science 227, 701-704, 1988,

Schwartz J. Low-level lead exposuro and children’s JQ. A meta-analysis and search for a threshold Envirommenntal
Research 65.42-55, 1994,

Tang S, Baghurst PA, Sawyer MG, et al. Decluning blood lead levels and changes in cognitive function during
childhood. The Port Pinie Cohort Study Joumal of the American Medicai Association 280° 1915-19{9, 1998

Tong S, Baghurst P, McMichae! A, et al. Lifetime exposure to environmental lead and children's mtelligence at 11-
13 years the Port Pine Cohort Study British Medical Joumal 312 1569-1575, [996.

""Needleman HL, Schell A, Bellinger D, et al The long-term effects of exposure to low doses of lead in childhood:
An 11-year follow-up report. The New England Journal of Medicine 322: 83-88, 1990.

”!bl_d. P
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coordination,” learmng" and reading'® occur at lead levels previously considered acceptable.

Routes of exposure 1o lead: In general, environmental lead 1s either inhaled oringested. Lead in
candles can enter the blood by both routes The route of entry plays a major role in determining
the amount of lead that enters the bloodstream.

The candlewick lead content and the percent lead vaporized determine the total lead emitted. In
the past, industry argued that lead in wicks does not vaporize. In 1974, Corning claimed that "at
candle temperature, lead vaporizes at the same rate as ice does at 13 degrees below zer0.""
However, two studies, one by EPA in 1973 and another recent study, have shown that 20-35% of
the lead in pure lead candle wicks is vaporized. " ** The total lead emitted and the size and
ventilation of the room determine the ambient air lead concentration. The respiratory rates and
volume, time of exposure and ambient air lead concentration determine the amount of lead that
reaches the lung liming (the epithelium) and about 90% of that is absorbed into the blood."”

13 Baghurst PA, Robertson EF, McMichael AJ, et al. The Port Pirie Cohort Study- Lead effects on pregnancy
outcome and early childhood development. Neurotoxicology 8: 395402, 1987.

Mendelsohn AL, Dreyer BP, Fierman AH, et al. Low-level lead exposure and cognitive development in carly
childhood. Journal of Developmental and Behavioral Pediatrics. 20: 425431, 1999

McMichael AJ, Baghurst PA, Wigg NR, et al. The Port Pirje Cohort Study: Environmentz! expasure to lead and
children's abilities at the age of four years. The New England Journsal of Medicme 319: 468-475, 1988.

Wigg NR, Vimpan GV, McMichael AJ, et al. Port Pirie Cohort Study: Childhood blood lead and
neuropsychological development at age two years, Journal of Epidermiology and Community Health 42: 213-219,
1988

1 Dyetrich KN, Berger OG, Succop PA. Lead exposure and the motor developmental status of urban six-year-old
children in the Cincinnati Prospective Study. Pediatnes 91: 301-307, 1993.

“Neodleman HL, Schell A, Bellinger D, et al. Thoe long-term effects of exposure to low doses of lead in childhood:
An 11-year follow-up repart. The New England Journa) of Medicine 322- 83-88, 1990.

"Needleman HL, Schell A, Bellinger I, et al The long-term effects of exposure to low doses of lead in childhood:
An 11-year follow-up report. The New England Joumnal of Medicine 322 83-88, 1990.

'* Press Release by Coming, January 8, 1974

""Bridbord K, Medical Officer Memo to Stanley Greenfield, Assistant Administraior for Research and
Development, and Vaun A. Newill, Special Assistant to the Administrator- Hazards of burning candles with lead.
US EPA, Research Triangle Park, December 14, 1973

"Van Alphen M Emussion testing and inhalational exposure-based risk assessment for cendles having Pb [lead]
metal wick cores Science of the Total Environment. 243-244 53-65, 1999.

* Goyer RA, Toxic effects of metals. In Casarett and Doull's, Toxicology, The Basic Scicnce of Poisons. 4™ ed.
Pergammon Press, 1991
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Particulate airborne lead from burming candles settles as house dust. Children inhale and ingest
dust stirred during crawl and play. They track it on their hands or clothes, pick up dust-laden
objects and put them in theiwr mouths. As lead tastes sweet, they may lick the dust from their
hands. Furthermore, most vacuum cleaners stir up huge dust loads.” Finally, ventilation duct
turbulence causes fine particulate matter typical of candle emissions, to become charged and
attracted to plastic surfaces. Krause notes that this matter particularly covers kitchen surfaces,
such as plastic utensils, ice cube trays and refrigerator/freezer surfaces.”

Additional lead exposure can occur from dust settling 1 food after being warmed by lead-
containing warming candles and, less likely, from children ingesting the wick.

Current Regulations: There are four relevant government standards referred to in this petition:

1. Blood lead levels: The Centers for Disease Control and Prevention (CDC) currently
recommend keeping children’s blood lead levels below 10 ug/dl (100 mi}: The CDC has
stated that no threshold is known below which lead is safe and that barmfiil effects may occur
at levels below 10 ug/dl, but that the body of information accumulated thus far is insufficient
to prove this.?

2. Average total daily dose of lead: The Consumer Product Safety Commission (CPSC)
recommends limiting chronic lead ingestion in children less than 6 years old to less than 15
ug/day to prevent blood lead levels from exceeding 10 ug/dl.®

3. Ambient air lead level: The Environmental Protection Agency (EPA) ambient air guideline
for lead is 1.5 ug/m®* This level corresponds to an average total daily dose of inhaled lead of
30 ug for an average child less than 6 years old, * double what the CPSC reports as a safe
levet. "

4. Surface lead levels: The U.S. Housing and Urban Development (HUD) standard for surface
lead dust levels of carpeted or bare floors, window sills and window wells are 100 ug/R?
(1075 ug/m?), 500 ug/fi* (5400 ug/m?®) and 800 ug/f? (8610 ug/m?).”® As several studies have

¥ Lioy PH, Wainman T, Zhang J, et al. Typical household vacuum cleaners: the collection efficiency and emissions
characteristics for fine particles. Journal of the Air and Waste Manage Association. 49:200-206, 1999.

¥ Krause D., personal communication, 10 Feb 99. Mr Krause has written a Master’s thesis on candle emissions.
2 U S Department of Health and Human Services, Public Health Service, Centers for Disease Cantrol. Preventing
lead poisoning in young children. pp. 7-8, Cctober 1, 1991.

 Consumer Product Safety Commussion. CPSC Staff report on lead and cadmium in children's polyvinyichlonde
(PVC) products. Page 5. 21 November 1997.

* Code of Federal Regulations, Title 40—Protection of Environment, Chapter I-Environmental Protection Agency,
Part 50, Sec 50.12 National primary and secondary ambient air quality standards for lead.

# Krause JD. Characterization of sconted candle emissions and associated public health risks. Thesis. Department of
Environmental and Occupational Health. University of South Florida August 19%9.

* hupy//www hud.gov 8Q/lea/leach} pdf- Chapter | Introduction Legrsiative Basis and Relationship to Federal
Programs and Regulations. In The Guideiines for the Evaiuation and Centrol of Lead-Based Paint Hazards in
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correlated high blood lead levels with these levels, the EPA is proposing lowering them to 50
ug/ft? (540 ug/m?) and 250 ug/ft* (2700 ug/m?) for bare floors and windowsills, respectively.”
Even the latter may not be sufficiently low. One study found that 20% of children living with
a lead dust level of 430 ug/m® had blood lead levels above 10 ug/dl and that lower lead dust
levels predicted lower blood lead levels.?® Another study found that decreasing the lead dust
level from 240 ug/m’ (less than half the EPA recommendation) to 160 ug/m? reduced average
blood lead levels from 12.4 to 10 3 ug/d,” still above the CDC levels.

1. Candles with wicks containing lead are currently on store shelves and millions are sold
annually.

In February 2000, Public Citizen’s Heaith Research Group conducted a study of the lead content
of candles in the Baltimore-Washington area. We selected 11 chain stores and one dollar store to
represent the places where candles are most commonly purchased. These were: CVS Pharmacy,
The Dollar Shop, Hallmark, Walmart, Kohl's, Bath and Body Works, The Body Shop, Hecht's,
Target, BJ's Wholesale, Jo-Anne Fabrics, and Bed, Bath and Beyond. We excluded candle stores
because we believe that candles are more commonly purchased from non-specialty stores. (In
fact, candle stores may be more likely to sell candles containing lead-wicks because of the
properties lead confers on candles.) In each store, we selected one candle of each brand and type.
Examples of candle types are pillars, containers, votives, tea lights, and novelty candles.
Different colors, sizes and shapes of the same candle were considered a single type of candle. For
each candle, we recorded the store name and location, manufacturer, candle type, and the
presence or absence of a metallic wick. We then purchased one candie of each type containing a
visible metailic wick. Each metallic wick was ¢xtracted from the wax, measured for length and
mass, and tested for lead using Inductively Coupled Plasma Spectroscapy (ICP) by a laboratory
accredited by the American Industrial Hygiene Association Enviranmental Lead Laboratory
Accreditation Program.”™ The technique involves dissolving the samples in a known amount of
nitric acid, performing spectroscopy on the solution, and comparing the intensity of the lead lines
with samples of known quantities of lead.”

Thirty percent (86 of 285) of types of candles contained metallic wicks. We found that 10%

Housing, 1995.

* US Environmental Protection Agency. EPA Pact Sheet. Proposed rule on identification of lead-based pamt
hazards #747-F-98-001, June 1998

® Lanphear BP, Weitzman M, Winter NL et al Lead-contamunated house dust and urban children’s blood lead
levels. American Journal of Public Health 86 1416-21, 1996. .
* Rhoads GG, Etunger AS, Weisel CP, et al The effect of dust lead control on blood lead in toddlers: a randomized
trial Pediatrics 103. 551-555, 999

¥ Specimens were anatyzed at RJ LeeGroup, Inc , Monroeviile, PA.

I Elements by ICP, Mcthad 7300, [ssue 2. In NIOSH Manual of Analytical Methods (NMAM}, 4® ed., August 14,
1994,
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(9/86) of candles with metallic wicks contained lead for an overall prevalence of candles
containing lead of 3% (9/285) Table | shows that the total lead content of the nine candles
containing lead wicks ranged from approximately 24,000 ug to 118,000 ug, (accounting for 33%
to 85% of the weight of the metal n the candlewick). Assuming that only 20% of the lead in the
candlewick is emitted into the air, this corresponded to 4700 ug to 24,000 ug of airbomne lead
from a single wick. As the percentage of lead from a candlewick emitted into the ar ranges from
20-35%,” the actual amount emitted may be considerably higher. A typical room of 15 ft. x 15 ft.
x 8 ft. has a total volume of 51 m’. If these candles burned at a rate of 2 covhour far three hours
daily (and were extinguished after 3 hours) in such a room with 25% per hour ventilation rates,
they would yield ambient air lead concentrations ranging from 14 to 49 ug/m’, which is 9-33
times the EPA Ambient Air Quality Standard. If we assume instead that we bumed the-candle
emitting the least lead under the same conditions, except that the burn rate is only 0.5 cm/hour
(1/4 the original assumption), and that the room has a ventilation rate of 50% (twice the original
assumption), we still get ambient air levels of 1.2 ug/m?, approximating the EPA Ambient Air
Lead Standard.

Furthermore, lead exposure may occur due to dust and dust may accumulate even with
vacuuming. Using van Alphen's assumption that between 5-10% of dust deposits on the floor, ®
and the results of Roberts et al. who found that only 10% of lead dust was trapped by
vacuuming,* even with weekly vacuuming, dust lead levels may reach 540 ug/m?, the proposed
limut set by the EPA.*

We found that 2 lead-containing candles were pillars, 6 were containers, and 1 was a votive.
None of the tapers, novelty or tea lights tested contained lead.

We are aware of one previous case study and two previous lead wick prevalence studies. In 1999
in Australia, van Alphen reported that 7 candles imported from China had almost pure lead-core
wicks (95-99% lead).” That same year Nriagu and Kim purchased 14 candles with wicks

g ndbord K, Medical Officer Memo to Staniey Greenfield, Assistant Administrator for Research and
Development, and Vaun A. Newill, Special Assistant to the Admin:strator: Hazards of buroing candles with lead.
US EPA, Rescarch Triangle Park, December 14, 1973

Van Alphen M. Emuasion testing and inhelational exposure-based risk assessinent for candles having Pb [lead] metai
wick cores, Science of the Total Environment. 243-244: 53-65, 1999,

* van Alphen M Emussion testing and mhalational exposure-based nsk assessment for candles having Pb metal
wick cores Scienca of the Total Environment 243-244: 53-65, 1999

* Roberts JW, Glass GL., and Spittler TM. Measurement of deep dust and iead in oid carpets. [n: Measurement of
toxic and related pollutants, Air and Waste Management Assoc , Pittsburgh, pp.186-191, 1995

33 US Environmental Protection Agency. EPA Fact Sheet. Proposed rule on identification of lead-based paint
hazards #747-F-93-001, June 1998,

* van Alphen M. Emission testing and inhalational exposure-based risk assessment for candles having Pb metal
wick cores. Science of the Total Environment 243-244- 53-65, 1999
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containing metallic cores 1n stores in Ann Arbor, Michigan. They reported that all 14 candles
with metallic wicks emitted lead during burmng.”” In August 1999, Krause purchased candles
with metallic wicks from every store selling candles in a mall in Tampa, Flonda. He noted that
each store was part of a different nationwide chan. He found that the 24% (S of 21) of metallic
candlewicks that contained lead did so at levels of 1 25, 9.5, 14, 42, and 46 weight % lead.” In
an earlier study, he purchased 91 candles over a two-year period in both Florida and California.
None of the 21 candles with metallic wicks and one with a metallic containers from California
emitted lead. However, 4 of 6 candles with metallic wicks purchased in Florida emitted lead.
Combining these results with previous work, he found that approximately 9 of 27 candles with
metallic wicks contained lead. All candles with wicks containing lead were purchased in
Florida ¥

Atkins and Pierce, the major U.S. manufacturer of ali types of wicks, admitted that because some
candle makers kept using such wicks “since there wasn’t an actual ban”, they resumed the
practice of making and selling wicks containing lead “in the late 70s or early 80s.”* The
company claims to have stopped the practice last year;*' however, our study and others
demonstrate that candles with lead-containing wicks are prevalent in many states.” Moreaver,
lead-containing wicks for candle making are currently sold directly over the Internet

"Nriagu JO, Kim MJ, Emissions of Lead and Zinc from Candles with Metal-Core Wicks. Science of the Total
Environment, in press, 2000

® Krause D. Personel communcation, 26 Japuary 2000

MK rause JD. Charactenzation of scented candle emissions and associated public heaith risks, Thesis. Department of
Environmental and Occupational Heajth. University of South Florida. August 1999,

Krause D Personal communication, 26 Janusry 2000
*“Notes from the Meeting with CPSC and National Candle Association on 12/15/99.
‘“bid

“ Krause JD Charactenzation of scented candle emissions and associated public health risks. Thesis. Department of
Environmental and Occupational Health. University of South Flonida. August 1999,

Krause D Personal communication, 26 January 2000

Nnagu JO, Kim MJ, Emissions of Lead and Zinc from Candies with Metal-Core Wicks. Science of the Total
Environment, in press, 2000

van-Alphen M, Emission testing and mhafational exposure-based nisk assessment for candles haviag Pb metal wick
cores, Science of the Total Environment 243-244 53-65, 1999

= “ CANDLECHEM COMPANY, Inc http /www alcasoft.com/candlechem/
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Candle sales exceeded $2.3 billion last year."* We estimate that over 300 million candles were
sold inthe US in 1999 based on our finding that the average candle costs $7.35 1f3% of the
candles sold contain lead, approximately {2 million candles sold in the United States each year
contain lead, assuming our sample 1s representative of all candles sold.

2. Burning candles with wicks containing lead causes high lead exposure both through air
and surface contact.
A. Ambient Air Exposure: The work of four groups of researchers discussed in this section
pertains to the high ambient lead levels that result from burning lead-wick containing
candles. The last study pertains to the resulting high surface lead conceatration.

In 1973, immediately following our petition to ban lead wicked candles,*’ EPA researchers
deternuned that burning candles with lead-containing wicks exceeded the current EPA air
quality standard by over 10 times. In this experiment, they burned 4 candles with lead-core
wicks on a dining room table in a 10 square foot dining room and monitored air lead for

13 hours. Over this period, the air lead concentrations averaged 16 ug/m*—over 10 times
the current EPA air lead guideline. Their experimental apparatus was.unable to detect lead
in particles below 0.1 um and therefore the average lead concentrations may have been
higher. The EPA researchers concluded, “Based upon these observations it would not be
unreasonable to expect average indoor air lead levels in the range of 10-20 ug/m’® [6-12
times above EPA’s air quality standard] as a result of regularly burmng candies with lead
wire core wicks in the home. Further...the remaining lead residue from these candles
could also be a hazard by inadvertent contamination of food or by being available for
children to ingest.™®

From October 1997 until August 1999, Krause purchased 85 candles of which 21 had
metallic wicks and 1 had a container in California and 6 from Florida for a total of 27
candles with metallic wicks and one with a metallic container. He burned the candles ina
chamber and characterized their emissions. For those candles containing metallic wicks,
he estimated exposure using his own model and using an EPA exposure model (US EPA
RISK V1.0 Indoor Arr Quality Exposure Model), which produced similar results. Finally,
he calculated lead exposure for children. None of the 21 candles with metallic wicks and
the one metallic container candle from California emitted lead. However, 4 of 6 candles

“Candle industry facts The National Candle Association home page. Internet web site
(http.//www candles org/facts htm) National Candle Assocration, 1030 15th Street, Suste 870, Washington, DC
20005

“Public Citizen's Health Research Group, Letter to Richard D Simpson, Chairman, Consumer Product Safety
Commission, December 6, 1973,

“Brdbord K, Medical Officer Memo to Stanley Greenfield, Assistant Administrator for Research and
Development, and Vaun A Newiil, Special Assistant to the Administrator Hazards of burnuing candles with lead
US EPA, Research Triangle Park, December 14, 1973
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with metallic wicks purchased in Florida emitted lead. When burning one candle for 4
hours daily, he estimated that two of these candles would result in children under 6
inhaling an average daily dose of lead of 40 and 95 ug, respectively.*’ Both exceeded the
maximum acceptable level recommended by the CPSC (15 ug) by several times.** A therd
candle resulted in an average daily dose of 13 ug.®

In 1999 in Michigan, Nriagu and Kim burned 15 types of candles (14 purchased in
Michigan) with metallic wicks over 2 to 7 hours and measured the lead emutted into an
experimental chamber. Lead emitted after burning one candle in a typical room for 2 hours
extrapolated to air lead concentrations of 0.02 to 13.1 ug/m® with five candles exceeding
the U.S. EPA ambient air lead guidelme of 1.5 ug/m’.*® However, 24-hour average air lead
concentrations were not calculated.

In 1999, Van Alphen burned seven candles with high lead content in an experimental
chamber to determine the amount of lead emitted. From this, he estimated average 24-hour
air lead leveis. He reported that burning one candle with high lead content for 3 hours
could achieve a 24-hour average lead concentration of 10 ug/m’,* almost seven times the
EPA ambient air guideline of 1.5 ug/m’.

Therefore, three studies have shown that episodic burning of candles with & lead-core wick
can expose people to average ambient lead concentrations abave the limit set by EPA and
one study showed that inhaled lead exceeded the limits set by the CPSC for children. &

‘"Krause JD Charactenzation of scented candle emissions and associated public health risks. Thesis. Department of
Environmental and Occupational Health University of South Florida. August 1999.

Personal communication with David Krause, 26 January 2000. -

“* Consumer Product Safety Commiussion. CPSC Staff report on lead and cadmuium 1n children’s polyvinylchloride
(PYC) products, Page 2. 21 November 1997

“*Krause JD Characterization of scented candie emissions and associated public health risks. Thesis. Department of
Environmental and Occupancnat Heaith University of South Flarida August 1999.

*Nriagu JO, Kim MJ, Enussions of Lead and Zinc from Candles with Metal-Core Wicks. Science of the Total
Environment, n press, 2000.

*'Van Aiphen M Emussion testing and inhalational exposure-based risk assessment for candles having Pb [lead]
metal wick cores Science of the Total Environment. 243-244- 53-65, 1999

*Bridbord K, Medical Officer Memo to Stanley Greenfield, Assistant Administrator for Research and
Development, and Vaun A. Newill, Special Asaistant to the Adnunistrator: Hazards of burtnng candles with lead.
US EPA, Research Triangle Park, December 14, 1973

Krause JD Characterization of scented candle emissions and associated public health risks. Thesis. Department of
Environmental and Occupational Heaith. University of South Florida. August 1999

Van Alphen M. Emission testing and inhalational exposure-based risk assessment for candles having Ph (lead] metal
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Thirty-five percent of candles 1n the Michigan study exceeded the EPA standards;
however, Nriagu and Kim did not calculate 24-hour average air lead concentrations. *

B. Surface Lead Exposure: Particulate vaporized lead eventually settles in the form of house
dust and soot. Unlike ambient air [ead, which requires a daily or weekly source to keep
levels high, surface lead may accumulate from mfrequently burning candles even with
regular vacuuming, leading to ongoing exposure.* Van Alphen reports that “A single 38
cm long candle [with high lead content] can emut 104,000 ug Pt [lead] into the air, The
deposition of as little as 5 to 10 % of that onto the floor of a 5x5 nr room would result in a
floor Pb loading of approximately 150 to 300 ug/m’. Such a floor Ioading would readily be
associated with elevations in child blood lead.” ** Burning onfy two tofour of these
candles will result in surface lead concentrations exceeding even the EPA proposed limits
of 540 ug/m? for floor surface lead concentration.’® Recall that these Limuts are not
sufficient to protect children from high blood lead levels.”

3. The air and surface lead levels produced by candles with lead-containing wicks are
sufficient to significantly raise blood lead levels.
A. Ambient Air lead: Exposing adult males 23 hours per day over I8 weeks to air lead levels
of either 3.2 ug/m’ or 10 ug/m’ increased their blood lead concentrations by 12 ug/dl and
22 ug/dl, respectively.”® The WHO reports that cach I ug/m’ ambient concentration of
lead contributes 1.9 ug/dl of blood lead in children (approximately linearly in the lower
part of the range), but that inhalation is relatively less important in children compared to
ingestion. Thus, correcting for ingestion, the WHO estimates that each | ug/m® increase

wick cores. Science of the Total Environment. 243-244. 53-65, 1999.

“Nriagu JO, Kim MJ, Emussions of Lead and Zinc from Candles with Metal-Core Wicks. Science of the Total
Environment, in press, 2000

™ Roberts JW, Giass GL, and Spittler TM. Measurement of deep dust and lead in old carpets. In: Measurement of
toxic and related pollutants, Air and Waste Management Assoc., Pittsburgh, pp. 186-191, 1995.

¥Van Alphen M. Emission testing and inhalational exposure-based risk assessment for candles having Pb [lead]
metal wick cores, Science of the Total Environment. 243-244: 53-65, 1999.

% |US Environmental Protection Agency EPA Fact Sheet Proposed rule on identification of lead-based paint
hazards

* Lanphear BP, Weitzman M, Winter NL et al Lead-contaminated house dust and urban children’s blood iead
levels Ainerican Journal of Public Health 86 1416-21, 1996.

Rhoads GG, Ettinger AS, Weisel CP, et ai the effect of dust lead contro! on blood lead in toddlers: a randomized
trial. Pediatrics 103, 551-555, 1999

%Griffin TB, Coulston F, Wills H, et al Clinical studies on men continuously exposed to airbormne particulate jead.
Environmental Quality and Safety Supplement2 221-40, 1975
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in ambient air lead level contributes 5 ug/dl to the blood lead level.” Brunekreef critically
reviewed 19 studies and found that in children the relationship between blood lead and
ambient air lead is logarithmic. In young children at blood levels less than 25 ug/dl, he
found that 1 ug/m’ increases in air lead concentrations contributed 3-5 ug/dl increases in
blood lead level. At lower air levels, increases i exposure produce even greater increases
in blood lead levels. Brunekreef states that up to “a few ug/m’,” each 1 ug/m’ can increase
blood lead levels by over 5 ug/dl.®

To our knowledge, only Krause and Van Alphen directly relate ambient air lead levels
emitted from candles to children’s blodd lead levels. Krause determined that burning the
candle with the highest lead content in his study for four hours daily may raise a 2-3 year-
old child’s blood lead level by 4.2 ug/dl to 13.4 ug/dl. He determined this using the
Integrated Exposure Uptake Biokinetic Lead Model, a model that calculates serum lead
levels by incorporating parameters such as ventilation rates, baseline indoor air lead
concentrations, time indoors, and soil and house dust concentrations.

Van Alphen burned candles with wicks containing very high lead content to determine
the amount of lead emitted. From this, he estimated average 24-hour air lead levels and
corresponding blood lead levels from burning one candle for three hours under varying
conditions including room sizes, ventilation rates, and rates of increase of blood lead
level for every unit increase in air lead level. Using a wide range of assumptions, he
estimated that burning one candle three hours per week will raise a child’s blood lead
level by 3-11 ug/dl above the unexposed baseline and that burning one candle daily could
raise it by 12-40 ug/dl. Van Alphen concludes, “There is the potential for entire families
to have high Pb [lead] exposures because of such a Pb source. Where mu.ltlple Pb metal
wick core candles are burned on a regular basis, for periods of >3 to 6 hours, in poorly
ventilated settings, extreme levels of Pb exposure are possible. Clinical child Pb
poisoning and death could be predicted.”

B. Surface lead. Rhoads et al. compared household lead dust levels to blood lead levels in
children randomized to groups where members of the intervention group were instructed
to regularly clean their household to reduce lead exposure. Prior to the intervention, the

“World Health Organization Guidelines for Au Quality, 1999. Chapter 3 Health-based Guidelines, 41.

“Brunekreef B. The Relationship between Air Lead and Blood Lead n Children: A Critical Review Science of the
Total Environment, 38 79-123, 1984

*Krause JD Charactenization of scented candle emissions and associated pubtic health risks. Thesis. Department of
Eavironmental and Occupational Health University of Scuth Florida. August [999.

Krause D. Personzl communication, 26 January 2000

“ZVan Alphen M Emtssion resting and inhalational exposure-based nsk assessment for candles having Pb metal
wick cores. Science of the Total Environment 243-244 53-65, 1999
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intervention group had a mean floor dust lead level of 237 ug/m? and a mean blood lead
level of 12.4 vg/dl. After the intervention, their floor dust lead levels decreased to 163
ug/m’, and their blood lead decreased to 10.3 ug/dl The control group had floor dust lead
levels of 275 at baseline and 207 ug/m’ at follow up and the blood lead levels remained
constant at 11.6 ug/dL.®

As Van Alphen estimated that burning one 38 cm long candle with a pure lead wick in a
5x5 m room will result in 150 to 300 ug/m’ surface lead dust levels on floors, infrequent
burning of these candles could easily accumulate lead sufficiently to cause elevated blood
lead levels."

4. The increased blood lead levels from burning these candles can cause permanent deficits in
development, behavior, and intelligence.

Most recent studies have shown that blood lead levels above 10 ug/dl adversely affect children.
Unbora and young children are particularly susceptible to even low bload lead levels. Placental
exposure may result in miscarriage or early neonatal death,* premature births* and decreased
mental ability.’ For example, table 2 shows two longitudinal studies. Afteradjusting for
confounding, Bellinger et al. showed that infants previously exposed ta umbilical cord blood lead
levels of 10 ug/dl or greater performed 5 8 points lower at six months and 7.3 points lower at

® Rhoads GG, Ettinger AS, Weisel CP, et al. the effect of dust lead control on blood lead in toddlers: a randomized
trial. Pediatrics 103; 551-553, 1999.

“Ven Alphen M Emission resting and halational exposure-based risk assessment for candles having Pb [fead]
metal wick cores Science of the Total Environment. 243-244- 53-65, 1999.

“Wibberley DG, Khera AK, Edwards JH, et al. Lead leveis in human placentae from normal and malformed bths.
Journa! of Medical Genettcs 14+ 339-345, 1977

“Baghurst PA, Robertson EF, McMichael AJ, et al, The Port Pirie Cohort Study: Lead effects on pregnancy
outcome and early childhood development. Neurotoxicology 8: 395-402, 1987.

“Beilinger DC, Needieman HL, Leviton A, et al, Early sensory-motor development and prenatal exposure to lead.
Neurobehavioral Toxicology and Teratology 6- 387-402, 1984

Beliinger DC, Leviton A, Waternaux C, et al. Methodological issues in modeling the relationshyp betwoen [ow-
icvel lead exposure and infant development' Examples from the Boston lead study Environmental Research 18:
119-129, 1985,

Bellinger D, Leviton A, Needleman HL, et al Low-level lead exposure and mfant development in the first year.
Neuraobehavioral Toxicology and Teratology 8. 151-161, 1986

Bellinger D, Leviton A, Waternaux C, et al. Loagitudinai analyses of prenatal and postnatl lead exposure and early
cogmtive development. The New England Journal of Medicine 316: 1037-1043, 1987.

Dietnich KN, Krafft KM, Bomschein RL, et al Low-level fetal lead axposure effect on neurobehavioral
development 1 early infancy Pediatrics 80~ 721-730, 1987
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twelve months on the Mental Development Index (MDI) of the Bayley Scales of Infant
Development than those with blood levels less than 3 ug/dl. ® The MDI is 2 commonly used test
based on the IQ scale for assessing early cognitive development.” In a second study, mean levels
were 8.0 and 6.3 for maternal blood and umbilical cord blood, respectively. No blood levels were
above 30 ug/dl. After adjusting for confounding, for every ug/dl increase in blood lead, there was
a 0.34 point decrease in Bayley MDI score. ™ In summary, both studies found that at each level,
as the umbilical cord blood or maternal blood lead level increased over a range starting well
below 10 ug/di, performance on a developmental test declined.

Lead has also been implicated in prematurity. One study found that those with maternal blood
lead levels of greater than 14 ug/di had 4.4 times the risk of prematurity of those with blood lead

levels less than 8 ug/dl.”

There is evidence that damage caused by low-level lead exposure in children becomes evident at
an early age and persists into adulthood. Tables 3 and 4 show that, after adjusting for
socioeconomic factors and other potential confounders, this damage includes deficits in
development, intelligence, learning, and behavior in early childhood-preschool children,™
school-aged children,” and young adults.” Table 3 shows that incremental increases in blood

“Bellinger DC, Leviton A, Needleman HL, et al. Low-level lead exposure and infant development in the first year.
Neurobehavioral Toxicology and Teratelogy 8 151-161, 1986

* Bayley N. Bayley Scales of Infant Development. New York, The Psychological Corporation, 1969.

"Dietrich KN, Krafft KM, Bornschein RL, et al. Low-level fetal lead exposure effect on neurobehavioral
development in carly infancy Pediatrics 80: 721-730, 1987.

"'Baghurst PA, Robertson EF, McMichael AJ, et al, The Port Piric Cohort Study: Lead effects on pregnancy
outcome and early childhood development. Neurotoxicology 3 395-402, 1987.

™ Baghurst PA, Robertson EF, McMichael AJ, ct al. The Port Pirie Cahiort Study: Lead eifects on pregnancy
outcome and early childkood development. Neurotoxicology 8 395-402, 1987

Mendelsohn AL, Dreyer BP, Fierman AH, et al. Low-level lead exposure and cognitive development i early
chiidhood Journal of Developmental and Behavioral Pediatrics 20: 425-431, 1999.

McMichael AJ, Baghurst PA, Wigg NR, ct al. The Port Pirse Cohort Study: Environmental exposure to lead and
children’s abilities at the age of four years. The New Engiand Journal of Medicine 319: 468-477, 1988.

Wigg NR, Vimpani1 GV, McMichael AJ, et al Port Pine Cohort Study: Childhood blood lead and
neouropsychoiogical development at age two years. Journal of Epidemiclogy and Community Health 42: 213-219,
1988

PBeghurat PA, McMichael AJ, Wigg NR, et al Environmental expesure to lead and children™s intelligence at the
age of seven years The Port Pirie Cohort Study The New England Journal of Medicine 327 1Z79-1284, 1992,

Burns JM, Baghurst PA, Sawyer MG, et al. Lifetime low-level exposure to environmental lead and children's
emoticnal and behavioral development at ages 11-13 ycars The Port Pirie Cohort Study. American Journal af
Epidemiology 149 740-749, 1999
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lead over a range from 0 to 67 ug/d! at six months of age predicted poorer development and
cogmitive function in preschoolers using the MDI. Most children in these studies had biood lead
concentrations below 30 ug/dl.” For example, Mendelsohn et al. found that children with blood
levels between 0 and 9.9 ug/dl had 6.2 points higher MDI scores than children with blood lead

levels between 10 and 25 ug/dl.™

Dietrich KN, Berger OG, Succop PA, et ai. The developmental consequences of low to moderate prenatal and
postnatal lead exposure. Intellectual attainment in the Cincinnati lead study cohort following school entry.
Neurotoxicology and Teratology 15 37-44, 1993,

Fulton M, Raab G, Thomsan G, et al. Influence of blood lead on the ability and attainment of children in Edintrgh
Lancert 1 [22]-1226, 1987.

Needieman HL, Gatsonis CA. Low-leve!l lead exposurs and the IQ of children. A meta-analysis of modern studies.
Journal of the American Medical Association 263: 673-678, 1990,

Needleman HL, Gunnoe C, Leviton A, et al. Deficits in psychologic and classroom performance of children with
elevated dentine lead levels. The New England Joumnal of Medicine 300: 689-695, I979.

Needleman HL, Geiger SK, Frank R. Lead and IQ Scores' A reanalysis. Science 227, 701-704, 1985.

Schwartz ] Low-leve! lead exposure and children’s [Q: A meta-anaiysis and search for a threshold. Environmental
Research 65: 42-55, 1994,

Tong S, Baghurst PA, Sawyer MG, et al. Declining blood lead levels and changes in cognitive function during
childhood. The Port Pirie Cohort Study. Journal of the Amencan Medical Association 280: 1915-1919, 1998,

Tong S, Baghurst P, McMichael A, et al, Lifetime exposure to environmental l¢3d and children’s intelligence st 11-
I3 years' the Port Pirie Cohort Study. British Medical Journal 312: 1569-1575, 1996.

“Needleman HL, Schell A, Bellinger D, et al. The long-term effects of expasure to low doses of lead in childhood:
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Table 4 shows that increases in blood lead levels in the range of O to 39 ug/dl at ages from birth
to 6 years of age continue to predict impaired cognitive function into school age (6.5 to 13 year
olds). Measures used to assess lead exposure include a single blood lead level, average lifetime
blood lead levels, and dentin tooth lead levels. Lead in dentin shed from primary teeth (incisors),
in bone, and average lifetime lead, consisting of 22 blood lead levels drawn ever the first six
years, are long-term measures of blood lead. 7 Higher blood lead levels, average lifetime blood
lead levels or dentin lead levels predicted poorer IQ (or other intelligence) scores, ™ number

TBaghurst PA, McMichael AJ, Wigg NR, et sl Envircnmental exposure to [ead and children’s intelligence at the
age of seven years The Port Pirie Cohort Study. The New England Journal of Medicine 327: 1279-1284, 1992,

Bumns JM, Baghurst PA, Sawyer MG, et al. Lifetime low-Ievel exposure to environmental lead and children’s
emotional and behaviorai development at ages 11-13 years. The Port Pine Cohort Study. American Journal of
Eprdemiology 149- 740-749, 1999
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Lancet 1: 1221-1226, 1987.

Needieman HL, Riess JA, Tobin MJ, et 2L Bone lead levels and delinquent behavior. Journal of the American
Medical Association 275: 363-369, 1996.
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Joumal of the American Medical Association 263 673-678, 1990
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clevated dentine ead levels. The New England Journal of Medicine 300 689-695, 1979,

Needleman HL, Geiger SK, Frank R Lead and 1Q Scores- A reanalysis. Science 227, 701-704, 1985,
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skills, ” word reading, ® and fine and gross motor development. ® Additionally, children with
average lifetime blood lead levels greater than 15 ug/dl had more attention problems, delinquent
and aggressive behawvior, social problems, anxiety, depression and withdrawal than children with
blood lead levels below 15 ug/dl. ® Similar results were found for high bone lead levels.™ For
example, Schwartz conducted a meta-analysis and found that for an increase of blood lead from
10 10 20 ug/d}, there was a decrease in IQ of 2 6 points. The studies with average blood lead
concentrations of 15 ug/dl or lower had higher estimated decreases in IQ per unit increase in
blood lead. Further analysis led him to conclude that there was no evidence of a threshold even
down to 1 ug/dl.* Another study found that children with average lifetime blood lead levels of
less than or equal to 10 ug/dl had 7 points higher IQ scores than children with blood lead levels
above 20 ug/dl. ¥ Another study in Table 4 shows that bicod lead levels also correlate negatively

Lancet 1* 1221-1226, 1987.

Needieman HL, Gatsoms CA. Low-Jevel Jead exposure and the IQ of children. A meta-armlysis of modern studies.
Joumnal of the American Medical Association 263: 673-678, 1990
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clevated dentine lead levels, The New England Journal of Medicine 300° 689-695, 1979.

Needleman HL, Geiger SK, Frank R. Lead and 1Q) Scores: A reanalysis. Science 227, 701-704, 1985.

Schwartz J. Low-level lead exposure and children’s 1Q° A meta-analysis and search for a threshold. Environmemal
Research 65. 42-55, 1994,

Tong S, Baghurst PA, Sawyer MG, et al. Declining blood iead levels and changes in cognitive function during
childhood. The Port Pirie Cohort Study Journal of the American Medical Associstion 280: 1915-1919, 1998.

Tong S, Baghurst P, McMichael A, ot al Lifetime exposure to environmental lesd sad children’s intelligence at I
13 years- the Port Pirie Cohort Study. Brtish Medical Joumnal 312, 1569-1575, 1996.
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¥ Dietrich KN, Berger OG, Succop PA. Lead exposure and the motor developmental status of urban six-year-old  ~
children 1n the Cincinnati Prospective Study. Pediatrics 91, 301-307, 1993.
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with motor development. Six-year oid children were divided into four quartiles according to their
average hifetime blood lead level. The lowest group had a level of 5-9 ug/dl and the highest group
had a level of 17-39 ug/dl. After adjusting for confounding, children with blood lead levels in the
lowest quartile exhibited the best motor development and those in the highest quartile exhibited
the worst motor development.*

These problems continue into adulthood. Needleman et al. collected primary teeth from chuldren
over an eleven-year period. He found that after adjusting for confounders, 18 year oids who had
previously shed teeth with dentin lead levels greater than 20 parts per million were 7.4 times
more likely to drop out of high school, 5.8 times more likely to have a reading disability, had
lower grammatical reasoning and vocabulary and had longer reactionr times than those with
dentin lead levels below 10 parts per million.”

Low-level lead exposure is also associated in adults with increased blood pressure, ™ renal
umpairment, ® and gout.”

5. Alternatives to lead-containing wicks exist.
Cored wicks are used in long-burning scented candles with self-supporting wicks in containers,
votives, pillars, and novelties.* Metal cores in wicks are used to prevent the wick from bending

postnatal lead exposure: [nteilectual attainment in the Cincinbati lead study cohort following schoot entry.
Neurotoxicology and Teratology 15- 37-44, 1993,
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An | I-year follow-up report. The New England Joumnal of Medicine 322: §3-88, 1990,
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and extinguish in the molten wax of the candle. However, alternatives exist, including cotton and
paper core-wicks that remain erect during burning * Waxing the wick prior to candle-making
constructs a sturdier wick.” Leaded wicks also burn more slowly and evenly. However, Krause
indicated that 4 of 5 votives (2 in. candles burned in pans) with lead-containing candlewicks
bumed almost completely in 2 hours despite being advertised to burn for 15 hours.* Thus this
assertion secems questionable. Finally, in our study, lead-containing wicks were a fraction of
those not containing lead for every type of candle proving that the alternatives are viabie options.

6. Labeling will not adequately protect candle-users.

Some public health risks are too great to be handled by labeling. This is one. Besides, there are
no public health benefits to lead-containing candles. Furthermore, the most at-risk papulations,
fetuses, infants and young children, do not choose whether a candle is burned. Labeling may
ward off some from the danger of burning candles with lead-containing wicks, but it will not
protect children, particularly if their parents cannot read or comprehend the warning. The only
solution is to completely ban candles containing leaded wicks. Finally, as millions of such
candles are sold each year because they are currently on store shelves, you must immediately
order a recall of candles with lead-containing wicks.

7. The Consumer Product Safety Act and the Hazardous Substances Act reqiiire the
Consumer Product Safety Commission to Ban and Recall these products.

The provision of the Consumer Product Safety Act concerning “imminent hazards™ posed by
products as the basis for the Commission to issue a recall of lead-containing candles operates
where products present "imminent and unreasonable risk of death, serious iliness, or severe
personal injury.” 15 U.S.C. §2061(a).

Our study showed that the burning of presently-available lead-wicked candles, with wicks
containing from 33% to 85% lead, could result in air lead levels as high as 50 ug/ m*, well in
excess of the 1.5 ug per cubic meter EPA guideline for air lead levels. The Van Alphen study
cited on pages [1-12 concluded that buming one high lead candle for three hours could achieve
an average 24 hour air lead concentration of 10 ug per cubic meter, more than six times in excess
of the EPA’s ambient air guideline of 1.5 ug of lead per cubic meter. EPA's own earlier research
found that bumning candles with lead wicks also resulted in air lead levels similarly in excess of
the EPA guidehne. That air lead levels resulting from burning such candles can cause a
dangerous increase in blood lead levels in chuldren was determined by the aforementioned
research of Van Alphen who estimated that burning one lead-wicked candle for three hours per
week could raise the blood lead level in children by 3-11 ug/dl above what the ievels were before
exposure. For many children, this would raise their blood lead levels to well abave 10 ug/dlL,
levels which both the Consumer Product Safety Commission and the Centers for Disease Control

2151d
Plbud.

* Krause D Personal communication, February 11, 2000.
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and Prevention have found to be dangerous. Additional lead exposure to children can occur from
the ingestion of lead-containing dust from the buming of the candles which settles in rooms
where candles are burned.

All of these findings clearly demonstrate that lead-based wicks in candles pose an imminent nsk
of injury. Although the manifestations of exposure to lead may not be immediately apparent--as
in the ultimate lowering of IQ in lead-exposed children--the legal standard is imminent risk, not
umminent injury.

The provision of the Consumer Product Safety Act pertaining to *benned kazardous products”
authorizes the Commission to initiate rulemaking to ban consumer products that present an
*unreasonable risk of injury” where *no feasible consumer product safety standard...would
adequately protect the public from the risk of injury associated with such product.”® 15 U.S8.C.
§2057.

Finally, the Federal Hazardous Substances Act' "imminent hazard® provisiom, 15

U.S C. §1261(q)(2), authorizes a ban only as a temporary remedy during the course of regulatory
proceedings. However, Section 1261(q)(1) empowers the Commission to classify household
products as “banned hazardous substances,” as a permanent designation, upon 2 finding that “the
degree or nature of the hazard involved in the presence or use of such substance in househoids is
such that the objective of protection of the public health and safety can be adequately served®
only by aban. 15 U.S.C. §1261(q)}(1)(B).

Several years ago, the CPSC asked manufacturers of vinyl miniblinds to stop using lead in the
production of these blinds because of the "lead poisoning hazard” they posed to children. The
CPSC found that "in some blinds, the levels of dust [from the detesioration of the blinds] was so
high that a child ingesting dust from less than one square inch of blind a day for about 15 to 30
days could result in blood levels at or above the 10 microgram per deciliter amount CPSC
considers dangerous for young children.” (CPSC Press Release, June 25, 1996)

In summary, the Consumer Product Safety Commission has the legal authority, under the
Consumer Product Safety Act and the Hazardous Substances Act, to immediately ban the
manufacture, stop the importation and order the recal! from all channels of commerce of all
candles with lead-containing wicks and all lead-containing wicks sold for subsequent
incorporation nto candles. Any failure to do so will continue to jeopardize the health of millions
of people, including tens if not hundreds of thousands of children by exposing them to the
completely unnecessary risks of lead poisoning.

Lead-containing wicks are a dangerous product. Through this petition, we have demonstrated
that candles with lead-containing wicks are present on store shelves despste the voluntary
agreement between the candle industry and the CPSC. We have shown that the candles with [ead-
wicks emit sufficient lead to exceed EPA air lead standards, ** HUD floor surface lead

"Bridbord K, Medical Officer Memo to Stanley Greenfield, Assistant Adminustrator for Research and
20
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® -
concentrations® and the CPSC's own recommendations for maximal lead intake by children. ™
Furthermare, we have demonstrated that the concentrations attained by burning these candles can
raise children's blood lead levels sufficiently to impair intelligence and cause behavioral

problems. ™ Finally, we have shown that 3% of candles have high lead content. In 1974, Russell
Train, then Administrator of EPA, stated “Inhabitants of homes in which lead-wicked candles are
burned could be exposed to substantial incremental quantities of lead which, if continued ona
regular basis, would pose a sigmficant risk to health especially among children with already
elevated lead body burdens. In my opinion candles represent an unnecessary incremental source

of lead that can readily be controlied.™ His concern is as relevant now as it was then.

Development, and Vaun A. Newill, Special Assistant to the Admunistrator Hazards of burning candles with lead.
US EPA, Research Triangle Park, December 14, 1973,

Krause JD. Charectarization of scented candle emissions and associated public health risks. Thesis. Deparaoent of
Environmental and Occupational Health. University of South Florida, August 1999,

Van Alphen M. Emission testing and inhafational exposure-based nsk assessment for candles having Pb [lead] metal
wick cores. Science of the Total Environment. 243-244; 53-65, 1999

Code of Federal Regulations. Title 40--Protection of Environment, Chapter [—Environmental Protection Agency,
Part 50, Sec 50 12 National primary and secondary ambient air quality standards for lead.

* Vap Alphen M. Emission testing and inhaiationa} exposure-based risk assessment for candles having Ph [lead]
metal wick cores. Science of the Total Environment. 243-244: 53-65, 1999

http:/www.hud goy:80/1ca’leach | pdf. Chapter | Introduction Legislative Basis and Relationship to Federal
Programs and Regulations. [n The Guidelines for the Evaluation and Controt of Lead-Based Paint Hazards in

Housing, 1995.

¥ Consumer Product Safety Comnussion. CPSC Staff report on lead and cadmium in children’s polyvinylchloride
{PVC) products Page 3. 21 November 1997.

Krauss JD. Characterization of scented candle emissions and associated public health risks. Thesis. Department of
Enviconmental and Occupational Health. University of South Florida. August 1999,

*Bridbord K, Medical Officer Memo to Stanley Greenfield, Assistant Admnistrator for Research and
Development, and Vaun A. Newill, Special Assistant to the Administrator: Hazards of burming candles with lead.
US EPA, Research Triangle Park, December 14, 1973,

Krause JD Characterization of scented candle emissions and associated public health risks. Thesis. Department of
Environmentai and Occupational Heaith. University of South Flonda, August 1999,

Van Alphen M Emisston testing and inhalational exposure-based risk assessment for candles having Pb [lead] metal
wick cores. Science of the Total Environment. 243-244* 53-65, 1999

Consumer Product Safety Commission. CPSC Staff report on lead and cadmium in children’s polyvinylchlonide
(PVC) products Page 2. 2] November 1997

PLetter to Mr Simpson, Chanman of CPSC, from Russell Train, Admmnustrator of EPA, March 1974.
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The Consumer Product Safety Commission has a clear mandate to protect the American public
from these hazardous products.

Sincerely,
)
ofvadd L. Sobél, M.D., M.P.H, M.S.
Research Associate

S.

Sidney M. Wolfe, M.D6

Director

L5 AL

Peter Lurie, M.D., M.P H.
Deputy Director
Public Citizen’s Health Research Group
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Table 1. Lead content of lead-containing candles purchased for February, 2000 Health
Research Group candle study.

Average 24-hour | Multiples of EPA

Total Jead emitted Air lead levels Ambient Air Lead

Total lead in wick (ug) | from wick (ug)'® (ug/m?*)" Levels of 1.5 ug/dl
394000 7880.0 19.3 13
68058.0 13611 6 250 17
117935.5 23587.1 4313 29
66956.5 13391.3 49.2 33
321129 6422.6 172 | 11
37795.3 7559.1 22.2 15
621522 124304 22.8 15
25785.7 5157.1 152 10
23618.4 4723.7 13.9 9
Average: 17
Median: 15

'® Assumes that only 20% of lead in candlewicks is emstted. In previous studies, the actual amrount emitted into the
air canged from 20 to 35%.

' First, the amount of lead emutted per cm was calculated. We assumed the burn rate was 2 c/hour and that people
burn candles only for 3 hours and then extinguith the candle Other assumptions mclude that the ventilation rates
are 25% per hour and that the room dimensions are 15 ft. x 15 f. x 8 ft which convests to 51 m*. We then calculated
lead concentrations for each of 24 hours.

For the first hour, the concentration was the lead/cm times 2 covhour times 20% (giving the total lead emited
during the first hour) divided by 51 m’, the total volume of the rcom. We then multiply this concentration by 0.75,
because 25% 1s exchanged per hour.

For the second and third hour, 1t was 75% of the lead concentration at the end of the previous hour plus the newly
emitted lead which is the lead/cm times 2 cm times 0 2 divided by 51 m?, as before.

For the fourth to 24™ hour, because the candle wes extinguished, the lead concentrations decrease by 25% of the
value at the end of the previous hour each hour.

Finally, the hourly lead concentration were added and divided by 24 hours to determine the average concentration.

A Microsoft Excel Spreadsheet was used to perform these calculations.
23
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Table 2. Companson of prenatal exposure to low-level lead with clinical effect.

Early Neonatal Death

Climcal effect Lead Exposure Level Study finding
In Utero Exposure Placental {ead Placental lead concentration 1s lawer
Placental lead in 0.93 ug/p n placentas of children who
Normal Birth 145 survived the neonatal period than
Miscarriage 173 those who did not.'®

Premature birth

> 14 ug/dl vs. <8 ug/dl maternal
blood lead cancentration at delivery.

4 4 himes the nsk of premature
delivery imhigh compared ta the
low bleod: lead group. 163

'“Wibberley DG, Kheras AK, Edwards JH, et sl Lead levels in human placentas from normal and malformed births.
Journal of Medical Genetics 14 339-345, 1977,

'®Baghurst PA, Robertson EF, McMichael A1, et al. The Port Pirie Cohort Study: Lead effects on pregnency
outcome and early childhood development. Neurotoxicology 8: 395-402, [987.
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Decreased mental or
cognitive development

<3 ug/dl, 6-7 ug/di, and >10 ugfdl
umbilical cord blood

Highest cord blood lead level group
performed 4-8 points lower on the
Bayley Scale of Infant
Development-Mental Development
Index with incremental increase of

umbilical cord blood level. '™

4 5 ug/dl (mean) in utsro blood lead,
maximum <30 ug/dl

For cach 1-ug/dl mcrease in biood
lead jevel, the MDI decreased 0.34

points (9.2 points across the range).
103

'™Betlinger DC, Needleman HL, Leviton A, et al. Early sensory-motor development and prenatal exposure ta lead.
Neurobehavioral Toxicology and Teratology 6. 387402, 1984.

Bellinger DC, Leviton A, Watemnaux C, et al. Methodological 1ssues in modelng the relationship between low-level
lead exposure and infant development: Examples from the Boston lead shudy. Environmental Research 38: 119-129,

1985

Bellinger DC, Leviton A, Needleman HL, et al. Low-level lead exposure and infant development in the first year.
Neurobehavioral Toxicology and Teratology 8: 151-161, 1986.

Bellinger DC, Leviton A, Waternaux C, et al Longitudinal analyses of prenatal and postnatal lead exposare and
early cognitive development. The New England Joumnal of Medicine 36: 1037-1043, 1987.

" Dietrich KN, Krafft KM, Bomnschein RL, et al. Low-level fetal lead exposure effect on neurobehaviorai
development in oarly infancy Pediatrics 80. 721-730, 1987
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' 'T,‘cad Exposure Level Age Effect
2 1.9 point decrease in scores of the Mental
14-22 ug/di blood ievel Development part of the Bayley Scales of Infant
Compares lowest quartiie Development for every 10 ug/dl increase i blood
to highest. lead over the range of 14-22 ug/dl. '™
10, 18.4,29.9 ug/dl 2 1.6 point decrease in scores of the Mental
mtegrated posinatal blood Development part of the Bayley Scales of Infant
lead. Development for every 10 ug/dl increase in. blood
lead for levels <30 ug/dl. ‘"’
(-9.9 vs. 10-24.9 ug/d! 1-3 Higher blood lead group had 6.2 points lower
blood lead. scores of the Mental Development part of the
Bayley Scales of Infant Development than the
lower blood group '®
5-57 ug/dl blood lead 4 Incremental increases in blood lead level from 10

to 30 ug/di corresponds to & decrease of 7.2 units
of the General Cognitive Index. Memeory also

impaired. '®

1% Baghurst PA, Robertson EF, McMichael Al, et al. The Port Pine Cohort Study: Lead effects on pregnancy

outcome and early childhood development. Neurotoxicology 8. 395-402, 1987.

7 Wigg NR, Vimpani GV, McMichael Al, et al. Port Pirie Cohort Study Childhood bicod fead and

P.27729

neuropsychological development at age two years, Journal of Epidemioiogy and Community Heaith 42: 213-219,

1988.

'™ Mendelsohn AL, Dreyer BP, Fierman AH, et al. Low-level lead exposure and cognitive development in early
childhood. Joumnal of Developmentaf and Behavioral Pediatrics 20. 425-43), 1999.

'* McMichael AJ, Baghurst PA, Wigg NR, etal The Port Pirie Cohort Study: Environmental exposure to lead and

chiidren's abitities at the age of four years The New England Joumnal of Medicine 319, 468475, 1988,
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Table 4. Comparison of post-natal exposure to low-level lead with clinical effect in school-age
children

Effect

Lead Exposure Level | 4. ec

>24 PPM vs. <6 PPM lead | 7-8 Higher lead levels corresponded to poorer performance on test of 1Q, auditory

in dentin and verbal processing, attention, and teachers behavioral rating. (1* and 2™
tars) 110

6-100 ug/dl blood lead lead | Meta- | 11/12 studies employing multiple regression found that ncreasing blood or

2.4 t0>150 PPM tooth analy | tooth iead levels wers associated with lower 1Q.'"!

lead levels 35

10 groups with mean blood | 6-9 Overall ability and attanment, and specifically, number skills and word

lead levels from 5.6-22.1 reading decreased with increasing blood lead concentration. '?

ug/dl

0-10, >10-15, >15-20,>20 | &.5 IQ is 7 points Jower in the lowest than the highest lead group. '

ug/dl average lifehme

blood lead.

7.5-30 ug/d) average 7 1Q) decreases approximataly 5 points for increases of blood lead from 10 10 30
hfetime lead level ug/dt '

11-18.6 ug/di average 11-13" | Cogaitive deficits in children whose blood lead concentration was hugh
lifetime lead level improve only partially with a subsequent decline of blood lead levei. '

11418 6 ug/dl average 11-13 | Mean IQ decreased 3 points for an increass in biood lead levei fromr 10 ug/dl

lifetime {ead level

'® Needleman HL, Gubnoe C, Leviton A, et al. Defictts in psychologic and classroom performance of children with
elevated dentine Jead levels. The New England Journal of Medicine 300-689-695, 1979
Needleman HL, Geiger SK, Frank R. Lead and [Q Scores: A reanalysis. Science 227, 701-704, [985.

1" Needleman HL, Gatsonis CA. Low-level iead exposure and the IQ of children. A meta-analysis of modern
studies Jjournal of the American Medical Association 263 673-678, 1990.

"2 Fulton M, Raab G, Thomson G, et al. [nfluence of biood lead on the ability and artainment of children in
Edinburgh. Lancet 1. 1221-1226, 1987

‘¥ Dietrich KN, Berger OG, Succop PA, et al. The developmental consequences of low to moderate prenatal and
postatal lead exposure: Intellectual attainment in the Cincinnati Jead study cohort following school entry
Neurotoxicology and Teratology 15. 37-44, 1993

1“Baghurst PA, McMichael AJ, Wigg NR, et al. Environmental exposure to lead and children’s intelligence at the
age of seven years. The Port Pirie Cohort Study. The New England Journal of Medicine 327: 1279-1284, 1992,

'"* Tong S, Baghurst PA, Sawyer MG, et af Declining bicod lead levels and changes in cognitive function durmg
childhood. The Port Pirie Cohort Study Journal of the American Medical Association 280: 1915-1919, 1998.

"' Tong S, Baghurst P, McMichael A, ctal Lifetime exposure to environmental lead and children’s intelligence at
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to 20 ug/dl. "

>15 vs <15 ug/di lifetime
average lead level,

11-13

Higher lead levels were associated with higher behavioral problem score.
Boys had higher attention problems, delinquent behavior, and aggressive
behavior Girls had these and additionalty had higher sacial problems,

anxiety/depression, and withdrawal. a

5-9,9-12,13-17, 17-39 6 Fine and gross motor development decrease with increasing average bicod
ug/dl average lifetime lead level. (6 year olds) ''*
blood lead
Mean blood lead levels of | Meta- | An increase from 10 to 20 ug/dl reduces 1Q by 2.6 points. There 1s no
(123 ugrdl analy | threshold Decreases in IQ continue to below 5 ug/d1. ''°

33
Quintiles according to 7 Higher bone lead levels were associated with tugher nisk of antisocizt and

Bone lead levels by
backscatiered Xray peak
intensity vs. standards.

delinquent behavior. 120

11-13 years: the Port Piric Cohort Study. British Medical Journal 312. 1569-1575, 1996.

‘7 Bums JM, Baghurst PA, Sawyer MG, et al. Lifetime low-level exposure to environmental lead and children's
emotional and behavioral deveiopment at ages 11-1J years. The Port Pine Cohort Study. Amencan Journal of
Epidemioiogy 149: 740-745, 1999

" Dyetrich KN, Berger OG, Succop PA Lead exposure and the motor developmestai status of urhan six-year-old
children in the Cincinnat: Prospective Study Pediatrics 91 301-307, 1993

" Schwartz ] Low-leve! lead exposure and children's IQ A meta-analysis and search for a threshold.
Environmental Research 65- 42-55, 1994

'®Needieman HL, Riess JA, Tobin MJ, ot 2l Bone iead levels and delinquent behavior. fournai of the American
Medical Association 275 363-369, 1996
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The Honorable Ann Brown

Chairman

U S. Consumer Products Safety Commission
4330 East West Highway

Bethesda, Maryland 20814

LV be 0t

Dear Chairman Brown,

The National Apartment Association (NAA) and the Naticnal Multglousing
Council (NMHC) represent the owners, managers, developers and financiers
of the majority of the nation’s multifamily rental housing units. Qur members
bear a strong commitment to safe, affordable and accessible housing and as.
such, respectfully ask that you ban the use of lead in candle wicks based an
the hazard they pose to health, particularly that of children.

Scientific analyses indicate that candles manufactured the in the United
States and China often contain wicks that have lead cores. When these
candles are burned, a significant portion of the volatized lead is released into
the room's airspace resuiting in toxic levels of lead exposure. According to a
study conducted by Professor Jerome Nriagu, of the University of Michigan in

Ve Preser o Hama we et A Arbor, the burning of candles containing lead wicks, under canditions of
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nomal use, can result in more than a 30-fold increéase over the airbome levels
considered as be safe by the U.S. Environmental Protection Agency (EPA).!

Additional information on this matter has been published by Dr Mike van
Alphen in the journal, The Science of the Total Environment, (attached) which
indicates that the lead which is released as a result of candle burming !sina
chemical form which 1s highly biclogically available to those who come In
contact with the lead particles. According to this analysis, not oniy is the lead
in 1ts aerosolized form likely to pose a significant poisoning potential for
children but the lead particles which will ultimately settle out as house dust,
will pose a second source of exposure to residents of homes in which these
candles are used.

Our industry has worked closely with CPSC, EPA, the U.S. Department of
Housing and Urban Development, the U.S. Occupational Safety and Health
Commussion to bring about the end of childhood lead poisoning. Recent data

from the U.S. Centers for Disease Control and Prevention finds that the nation

Quoted by Reuters newservice; manuscrnpt submitted for publication.

The American apartment industty  woiking fogeiher for quolly, occessibie. afbrdotile ousing

Sute 540 = 1850 M Street, NW « Washington, DC 20036 » (202) 974-2300  Fax (202) 775-0112 « E-Mal. nic@nmhc arg



1s well on the way to eliminating ¢childhood lead poisoning [n fact, we understand that
federal officials plan to announce that chilghood lead poisoning could be vanquished by
2010 as a result of strong federal policies which have sought to control the use of lead.

We must not permit this public health success story to be compromised by the sale and
use of candles with lead-containing wicks. There are many aiternative matenals which
could be substituted for the lead compounds in wicks which wauld still perrnit the candle
to be burned without creating toxic lead vapors and dust.

As property owners, we are subject to laws on the local, state and federal level which
require that in many circumstances, we test our properties for “lead hazards.”
According to guidance published in 1995 by the EPA, in advance of the issuance of a
rule still pending under the Toxic Substances Confrol Act, certain levels of lead in
house dust are considered to be “lead hazards.” Once a “lead hazard” is identified,
property owners must act (pursuant to other controlling authonties) to abate the
hazard. Our efforts to maintain a lead safe residential environment for our residents 1s
significantly compromised by the use of consumer products whichr release hamful
levels of toxic lead.

Sincerely,

Glggn e

Eileen Lee Ph D.
Vice President of Environment

Attachment

cc Honor:able C. Browner
Honorable A. Cuomo
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Emission testing and inhalational exposure-based risk
assessment for candles having Pb metal wick cores

Mike van Alphen*

Lead Sense, P O Bax 342], Rundie Mall South Ausrafia 5000, Australiz

Recerved 15 June 1999; accepted 14 July 1999

Abstract

Segments of seven candles with wicks having a Pb metal core have been tested i a purpose-built combustion
chamber to assess aur Pb enussions. Emissions were collected on glass fibre filters that bhave been digested in
concentrated HNO; and analysed by flame atomuc absorpuon spectroscopy (FAAS) Despite an indication of a
bimodal distribution i Pb ermssion rates, and a range from 450 to 1130 pg Pb/h, the mean rate from the seven
candles was 770 pg Pb/h. The 38<m long candles are, on average, capable of emitting 104 (00 g of Fb wto the arr
over ~ 127 h. A mean value of 209 of the Pb metal 1o the wick consumed by the candle is extutted into the air, the
remainder appears to accumulate at the base of a molten wax-pool adjacent to the wick. Indmidual Pb-beanng
particles from the combustion of candles were observed in a field emission scannung electron microscope (FESEM) w
have a diameter of 1 um or less The emssion from the candles has been analysed by X-ray ciffraction (XRD) and
wdentified as Sodiura Lead Carbonate Hydroxde {NaPb,{CO,),OH] This compound, being a Pb carbonate, s likejy
to be easily absorbed m the lungs and gastromntesunal tract. Risks associated with wnhalational exposure have been
assessed after determuning indoor lead in awr (PbA) concentrauons. Given a lack of informaton on the duration of
use of candles, a range of scenarios from worst possibie case to daily and weekly burming regimes are evaluated.
Detailed evaluations of PbA are based on the emission from 2 single candle at rates of 500 and (000 pg Pb/k, room
volumes of 25 and 50 m®, durations of emussion of 1.5, 3 and 6 h and air infiltraton rates of 0, 0.25, 0.5, 0.75 and 10
arr volume changes per hour (ACH) A candle burnt for 3 h at 1000 pg/h n a 50 m* room having poor ventilation at
025 ACH 15 esamated to yield a 24-h average lead m air concentration of 99 pg,/m® with a peak PbA value of 42.1
pg/m’ Daily exposure to such candle burnng where children spend 80% of ther ume indoors 1s likely to elevate
PbB 1n children by a mmumum of 24 10 40 pg/dl, according to the PbB PbA relanonship of Brunekreef, 1984 (The
relationship between air lead and blood lead 1n children a cnincal review) Esnmanng chuld Pb uptake from first
pnnciples using a range of exposure factors, a child would obtain some 85 to 127% of the provisicnal tolerabie
weekly Pb wtake (PTWL) from such daily exposure. Child blood lead levels could readily exceed levels of 10 pg/df,
largely due to exposure to emussions from burmung Pb wick core candles for several hours once per week The regular
burning of muitiple candles in smail, poorly venulated spaces could rezdily be associated with chimecal Pb posoniogs

*Tel. +61-8-81720255, fax +61-8-81720233
E mail address. mva@camtech netau (M van Alphen)
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and death High levels of expusure could occur with Pb metal core wick candles in less developed countrnes where
candles are used on a dly basis for indoor ighting purposes i small dwellings. Prolonged burning of candles may
occur in religious and (n ceremortial qrcumstances or restuarants where they may be of particular concern On the
basis of the hmited invesugation carned out, candles having a wick with 2 Pb metal core have the potennal to present
highly unacceptable and avoadable risks to human health @ 1999 Elsevier Science B V' All nghts reserved

Keywords  Candles. Wick, Pb, Lead, Combusuon, Lead in air NaPh,{CO;),OH. [ndoor aur quality [Inhalational exposure, Risk

assessment

Y. Introduction

A range of candles sold mn Adelaide, South
Australia and manufactured 1n the Peoples Re-
public of Chma have metal cores to a fabne-based
candle wick sheath.

The nsks assoctated with the candles were con-
sidered to relate mostly to any potennal for air
emission of metal fumes and subsequent mbhala-
tional exposure. A proportion of metal particles
released mto the air could be deposited indoors
as dust and then pose a hazard particularly to
young children due to the potential for mgestion
owng to normal hand-to-mouth and mouthing
behaviours.

The potential for children to access wicks con-
tainmg hazardous metal or metal combustion
products such as metal oxides 1s a related issue

A survey of the metals 1n wick cores encoun-
tered a range of metals and metal alloys in the
candle wicks, but the investigation here evaluates
a relatvely tall 38-cm long candle form tha: had
Pb metal wick cores.

Particular concerns exist in relaton to Pb expo-
sure of women of reproductive age, pregnant
women and young children. There 15 a need to
prevent such exposures (Alhance to End Chuld-
hood Lead Poisomng and Environmental De-
fence Fund, 1994, NSW LRC, 1997, Subergeld,
1997). This mual risk assessment must focus on
the most susceptibie group namely children Blood
Pb levels (PbB) of 10 pg/dl and of 150 pg/dl
represeat, respectively, a currently accepted con-
centration that child-populations should prefer-
ably not exceed and a level at which death 15
highly likely (NSW LRC, 1997).

One unknown ts the frequency and duration of
burmung of candles and imtally precautionary es-

timates of risk may be warranted to account for
this and other uncertainties. A wide range of
possible exposure: scenartos including worst case
scenarios need to be evaluated so as to account
for a wide range of conditions of use of candles.
The refatively low cost of these paracular candles
makes both extensive and repeated. use possible.
High levels of exposure may occur wsath this
genenc type of metal core wick candle in less
developed coumtries where candles are used oma
daily basis for indoor Lghting purposes ur small
dwellings. Prolonged’ burning of candles may oc-
cur 1 religious and in ceremomal circumstances.

I'1 Risk assessment

The determunants of inhalational exposure in-
clude the emission rate from the candle, numbers
of candles pumnt, the duration and frequency of
burmning of candles, the volume of the room or
house, the infiltration of diluting ar and the
duration of exposure of home occupants. In addi-
tion the nisks will depend on the particle size of
any emutted matenals and propensity for deposi-
tton i the lung and the solubility of any such Pb
compounds

Limited guidance 1s available from exisang lead
n arr (PbA) standards. In Australia the recom-
mended maxnmum autdoor ambient lead n air
level 15 15 pg Pb/m’ (Brown, 1997) and the
standard for occupational exposure (NOHSC,
1995) 1s 150 pg Pb/m* These exposure standards
are 90-day running means and 8 hour averages
respectively, The occupatiomal exposure standard
1s neither appropnate for children, women of
childbearng age morindoor residential expostires,
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