
Journal of Environmental Research And Development Vol. 4 No. 1, July-September 2009 

183 

 

Review Paper (NS-3) 
MERCURY POLLUTION THROUGH COMPACT 

FLUORESCENT LAMPS : <i>AN EYE OPENER</i> 
Dhirendra Singh*, Brajesh Mishra, Shivangi Saxena, Vibhuti Mishra,  

Preetika Gupta, Sheo P. Shukla and Narendra B. Singh 
Department of Civil Engineering, Institute of Engineering and Technology,<br>  

Lucknow (INDIA)<br><br> 

 

Received April 30, 2009  Accepted July 14, 2009 

ABSTRACT 
This paper focuses on mercury pollution through Compact Fluorescent Light (CFL) bulbs 
which are energy-efficient, money-saving replacements for traditional incandescent light 
bulbs because it consumes up to 75 percent less energy than incandescent light bulbs and last 
up to 10 times longer. Beside this the amount of mercury contained in a CFL bulb is five 
milligrams. The mercury could be in the form of invisible vapors and if mercury is 
discharged in improper manner, it will cause serious problems related to environment. 
Mercury is a neurotoxin that affects the nerve cells function, and can also affects the brain, 
kidneys and lungs. Improperly disposed lamps are a liability; these disposed spent lamps 
may be held liable for contaminated waste sites under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA). The paper is intended to serve for 
the discussions of how to set up a CFL recycling program, also about disposal and problems 
scenario associated with mercury found in CFLs.  
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INTRODUCTION 
CFLs are important energy savers and 

are being widely substituted for less-efficient 
incandescent light bulbs. But CFLs also 
contain small amounts of elemental mercury. 
Much of this mercury is released when a 
CFL is broken. Several studies of mercury 
releases from broken fluorescent bulbs 
suggest that, under certain conditions, CFL 
breakage can pose a health risk, especially to 
an infant or young child who spends time 
near the site of the breakage. While this risk 
raises valid public-health concerns, there is 
no reason for consumers either to avoid using 
CFLs or to panic if one is broken. However, 

parents should consider avoiding use of 
CFLs in situations where breakage is likely, 
especially in infants’ or toddlers’ rooms. To 
prevent breakage and to increase recycling of 
CFLs at the end of their useful life, 
consumers need more and better information 
about risks posed by broken lamps, clear and 
consistent instruction on safe clean-up and 
disposal of a broken CFL, and guidance to 
help find energy-efficient light bulbs with 
minimal mercury content. 

CFLs convert power into light more 
efficiently and last longer than incandescent 
bulbs. They are, therefore, widely promoted 
as an important energy-conservation 
technology. Indeed, use of CFLs will reduce * Author for correspondence 
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carbon dioxide emissions, a major 
contributor to global warming, and other air 
pollutants, including mercury emissions from 
coal-fired power plants. Consumers are 
appropriately being encouraged by 
governments, utilities, and public-interest 
organizations to buy and use CFLs. CFLs 
may contain as high as 30 milligrams (mg) to 
as little as 1 mg of this toxic metal element. 
The amount of mercury in some CFLs is less 
than that in the past, and the lighting industry 
continues to work toward reducing it 
further1. 

Some US manufacturers have pledged to 
use less than 5-6 mg of mercury in CFLs, 
and a few companies are now offering bulbs 
said to contain only 1 mg mercury. The 
current limit of mercury in CFL in Europe is 
5 mg, and a proposed Green Seal standard 
for the U.S. calls for 3 mg or less. A 
mercury-free CFL is not possible with 
current technology as some mercury is 
required for the lights to work. Mercury 
vapor inside the tube is excited by electric 
current and emits ultraviolet light, which 
excites compounds painted inside of the 
glass, making them emit visible light. 
Alternative energy-efficient lighting 
technologies, such as Light Emitting Diodes 
(LEDs), are very long-lasting and contain no 
mercury. LEDs are not yet practical choices 
for many lighting applications, but their use 
is growing as they become easily available 
and economical. The presence of mercury in 
CFLs (and in more traditional, linear 
fluorescent light tubes) raises several risk 
issues. Workers may be exposed to mercury 
when manufacturing, transporting, installing, 
recycling or disposing of fluorescent lights. 
While no mercury is released during normal 
operation, consumers can be exposed to 
mercury if a fluorescent tube or CFL is 
broken. And as the use of fluorescent lights 

grow, so does the amount of mercury that 
can be accidentally released in houses and 
can enter the waste stream. 

Mercury background 
The central issue about CFL disposal is 

that they contain mercury. Mercury is a 
naturally occurring element. At standard 
temperature and pressure it is a silver colored 
liquid. It is toxic to humans, bioaccumulative 
and very persistent in the environment. Most 
of the mercury on earth is contained in ores 
and rocks underground. The largest 
depository on the surface is ocean sediment. 
Natural processes such as mercury 
volatilization from aquatic environments, 
volcanoes and geothermal activity are the 
primary non-anthropogenic sources of 
mercury emission. Humans have been 
producing mercury from cinnabar ore, or 
mercury sulfide, for hundreds of years. 
Anthropogenic mercury emissions are 
predominantly from fuel combustion and 
industrial processes. Estimates of the 
anthropogenic emissions in total global 
mercury emissions range from 40 to 75%. 

Forms of mercury 
Mercury can take different forms in the 

environment. It is most often found in its 
elemental state Hg(0). Divalent mercury, 
Hg(II), may form compounds with inorganic 
anions. It may also bond with a methyl group 
(CH3) to form mono- or dimethylmercury. 
The transportation of mercury in the 
environment depends on species of mercury 
involved. Sources of mercury to the air 
include gaseous elemental mercury and 
mercury compounds and particulate mercury 
compounds. Elemental mercury can reside in 
the atmosphere for one to two years, while 
divalent mercury compounds reside there in 
the order of hours to months. Hg(0) can 
travel further from its emission source and is 
therefore spread more evenly throughout the 
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atmosphere. When mercury is in the 
methylmercury form, it is more available to 
aquatic organisms, and it appears that 
methylation is the primary pathway for 
mercury to enter the food chain. Mercury 
becomes methlyated mainly through aquatic 
bacteria. This means that methylmercury is 
most commonly found in aquatic 
environments, though non-biotic processes 
can also cause its formation. Methylmercury 
is easily absorbed by organisms and is 
bioacumulative. Long-lived fish, high on the 
food chain, typically have the highest 
concentrations of mercury in aquatic 
environments. Methylmercury comprises 
nearly 100% of all mercury forms found in 
fish tissues. Mercury in the oceans behaves 
much the same way as in freshwater. 
Monomethlymercury formed in the ocean is 
a primary concern from the human health 
perspective. 

Mercury transportation and fate 

 Mercury in the atmosphere 
Hg (II) in both particulate and gaseous 

forms is removed from the atmosphere by 
either wet or dry deposition. Wet deposition 
involves Hg(II) being deposited by 
precipitation after interacting with water in 
the atmosphere. Gaseous Hg(II) is removed 
more effectively by both wet and dry 
deposition than particulate Hg(II). Hg(0) has 
a high vapor pressure and low water 
solubility and is not thought to take part in 
either wet or dry deposition directly. The 
main pathway for Hg(0) to be deposited 
appears to be through a reduction of Hg(0) 
into Hg(II) by ozone. Overall, the deposition 
of Hg(II) is higher in proximity to mercury 
emission sources, while the deposition of 
Hg(0) involves greater transportation 
followed by deposition. 

 Mercury on land 
On land, mercury is predominantly found 

as Hg(II) and forms various inorganic 
compounds. Approximately 1-3% of mercury 
in soil is methylmercury, with the remaining 
fraction being other Hg(II) compounds. A 
small amount of Hg(0) is still found in soil. 
The mercury in soil is neither mobile nor 
susceptible to extraction by water. Mercury 
in soil is subject to becoming sediment in 
water. The deposition of mercury to soil far 
exceeds the amount leached from soil, 
making land a mercury sink. Uptake of 
atmospheric and soil-based mercury by 
animals and plants is insignificant. 

 Mercury in aquatic environments 
Mercury can enter water through several 

pathways. The primary ones are deposition 
from the atmosphere, runoff from soil 
erosion and leaching from groundwater. The 
mercury that enters the water is typically 
Hg(II) and will end up either suspended in 
the water, in the sediment of the water body 
or in the life forms within the water body. 
25-60% of the Hg(II) is attached to 
suspended particulates in the water, with the 
remaining fraction being dissolved in the 
water itself. Typically about 10% of the 
mercury in water exists as methylmercury. 
Mercury in an aquatic environment can 
remain in the water, settle into the sediment, 
get taken up by aquatic organisms or be 
volatilized and re-released into the 
atmosphere. 
Mercury toxicology 

Mercury is a highly toxic element. It is a 
neurotoxin that affects functioning of nerve 
cells, and can also affect the brain, kidneys 
and lungs. Common symptoms of mercury 
poisoning include impaired vision, hearing 
and muscular problems, personality changes, 
depression and inability to concentrate. 
Severe mercury poisoning can result in death 
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also. Children and foetuses are more 
susceptible to mercury poisoning because 
their nervous system and brain are still in the 
process of development. The species of 
mercury that is absorbed has an adverse 
effect on an organism and the adversity 
depends on the manner in which it has been 
absorbed. 
 Human toxicology 

Biological organisms do not readily 
absorb elemental mercury. Less than 0.01% 
of ingested elemental mercury is absorbed, 
and figures for absorption through skin is 
similarly low2. The most effective absorption 
occurs through inhalation of mercury vapor, 
where 80% mercury is absorbed through the 
lungs. Elemental mercury diffuses from the 
lungs into the blood and passes easily 
through the blood brain barrier. In the blood 
and in organs like the brain, Hg(0) is 
converted to Hg(II), which readily bonds 
with sulfur in proteins and enzymes. This 
disrupts their normal functioning. Mercury is 
excreted slowly and it takes 60 days for the 
body burden to drop by half. In cases of 
chronic mercury exposure the body usually 
reaches an equilibrium between the mercury 
being inhaled and the mercury being 
excreted. If the exposure is ended, all but the 
most severely poisoned individuals will see 
symptoms eliminated after several months. 
Acute poisoning by elemental mercury can 
result in pneumonotis (lung inflammation). 
Chronic exposure to high levels of mercury 
can result in kidney damage, brain and 
neurological damage leading to tremors and 
personality disorders and lesions to the 
mouth and gums. Chronic exposure to lower 
concentrations can cause mild tremors, 
irritability, disturbed sleep and other brain 
and neurological disorders3. 

Methylmercury is the more toxic form of 
mercury because it is readily absorbed. It is 
estimated that methylmercury can have up to 
a 95% absorption rate for humans. 
Methylmercury readily penetrates the blood 
brain barrier and is found in high 
concentrations in the brain. Neurological 
effects from methlymercury poisoning are 
more pronounced than they are from 
inorganic mercury poisoning. It takes 
approximately 70-80 days for the burden of 
methlymercury in the body to drop by half 
after exposure has ceased. The effects of 
mild methylmercury poisoning include 
prickling sensations, parathesia, malaise, and 
blurred vision. Acute poisoning effects 
include irreversible tunnel vision, deafness, 
dysarthria, ataxia and possibly death. As 
mentioned, mercury poisoning strongly 
affects fetuses and developing children. Both 
methyl and inorganic mercury are able to 
pass through the placenta and are found in 
breast milk. Developmental problems 
associated with mercury poisoning include 
delayed onsets of walking and talking, 
cerebral palsy, and impaired memory and 
attention span. Levels of mercury poisoning 
that affect fetuses are low enough that the 
mother may have no symptoms at all. 
 Ecological toxicity 

Mercury also has effects on the broader 
ecosystem4. Mercury is an ecotoxin that is a 
mutagen, a substance that increases the 
frequency of mutations, and teratogen, an 
agent that causes the malformation of an 
embryo of fetus. Mercury has no known 
beneficial biological functions. As mentioned 
before, mercury does bioacumulate up in the 
food chain which means higher exposure on 
the upper trophic levels of an ecosystem 
contaminated with mercury. Due to this 
biomagnification, very small concentrations 
of mercury in water can lead to dangerously 
high body burdens of mercury in the large 
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predators of a lake ecosystem. Estimations 
show that mercury in water at concentrations 
of 1 ppt can lead to large a medium size fish 
with body burdens of 1-10 ppm of mercury. 
Data kept by the United State Environment 
Protection Agency (USEPA) from the late 
1980s to 2001 for freshwater fish in the 
northeastern US show that several species 
have median mercury concentration over 0.5 
ppm. As with humans, methylmercury is 
more toxic and more readily absorbed by 
organisms than is inorganic mercury. 
Organisms in the early stage of development 
are likewise more susceptible to mercury 
poisoning. In aquatic invertebrate 
populations a concentration of 1 ppm is 
enough to cause affects. Aquatic flatworms 
regenerated body parts with gross 
abnormalities and the heart rate rhythms of 
freshwater crabs was severely affected. 
Mercury toxicity to fish has been well 
studied because they are a frequent pathway 
of mercury to humans. Generally, chronic 
exposure to mercury has been shown to 
affect reproduction, growth, behavior, 
metabolism and blood chemistry in marine 
and freshwater fish. Birds are exposed to 
methylmercury mainly through their 
piscivorous or fish eating, diet. 
Concentrations of 0.5 to 6 ppm in bird eggs 
can result in decreased weight, 
malformations, lowered hatchability and 
altered behavior. Studies on larger mammals 
have not been as conclusive in showing 
negative impacts from mercury, but Florida 
panthers have been found to have levels high 
enough to cause toxic affects. Increased body 
burdens of mercury have been noted in seals, 
otters, mink and polar bears3. 

How CFLs work 
Fluorescent lamps, whether they are 

tubes or compact, give off light by the 
process of fluorescence. The standard parts 
of a fluorescent lamp are the tube, the 

electronics at the end caps and the ballast. 
The tube is a glass cylinder that is coated 
with a layer of phosphorus on the inside. The 
tube is filled with an inert gas, typically 
argon, and a small amount of elemental 
mercury in a liquid form. The contents of the 
tube are kept under very low pressure. At the 
end of each tube is an electrode that is 
connected to the pins on the lamp’s outside. 
The electrodes on each end are usually made 
of tungsten wire and are coated with a 
material that gives off electrons when a 
current runs through the electrode. 

The ballast regulates the flow of the 
current through the electrodes both at startup 
and during normal operation of the lamp. 
Older ballasts were typically a magnetic 
inductor housed in the lamp fixture. For 
CFLs, the ballast is electronic and typically 
attached to the tube5. The base of the tube 
contains the ballast that regulates the flow of 
current to the bulb. The components of 
common CFL ballasts are an electronic 
circuit board, a plastic housing and a metal 
screw base that fits into light sockets6. When 
the lamp is first turned on the electrodes ‘boil 
off’ electrons from their coating materials. 
These electrons flow across the tube and 
ionize the gas, creating an electric arc across 
the tube. The energy of the arc in the tube 
changes the mercury inside from a liquid to a 
gas. As the mercury gas collides with the 
electrons and ions in the tube it become more 
energized. When the mercury electrons drop 
back to the initial lower energy state they 
emit ultraviolet radiation. The phosphorus 
coating on the inside of the tube then absorbs 
this ultraviolet radiation and re-emits the 
energy as visible light and a small amount of 
heat. Fluorescent lamps eventually fail when 
the emissive coating on the electrodes is 
depleted. This process causes the ends of 
tubes to blacken as they age. This basic 
mechanism for producing light from 
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fluorescence is the same that was used in the 
first fluorescent lamps in the 1930s. Over 
time though the bulbs have undergone 
changes. The part that has changed the most 
is the ballast. The basic function of the 
ballast is to regulate the flow of current to the 
lamp and to provide enough voltage to ionize 
the gas in the tube when it is started. The 
ionized gas inside the tube has very low 
electrical resistance and will draw enough 
current to damage the lamps components if it 
is not regulated. Early ballasts were basic 
wire coils around an iron core, and many of 
them contained polychlorinated biphenyls 
(PCBs) as insulators, though this practice 
was stopped in the early 1970s. Electronic 
ballasts are becoming the standard since they 
provide quicker starting times, less flicker, 
no audible hums and more efficient lamp 
operation. The materials that comprise an 
electronic ballast system are those that are 
the components of the circuit board and the 
plastic housing. Most CFLs sold today use 
electronic ballasts and Energy Star CFLs are 
required to have electronic ballast. Other 
significant improvements were made in 
fluorescent lamps7. The phosphors that are 
being used now render a warmer light color 
and emit light more efficiently than did the 
ones in the past. The amount of mercury in 
the tubes also decreased significantly over 
time. The average 4-foot lamp made in 1995 
contains 75% less mercury than one 
manufactured in 19851. CFLs typically 
contain between 4-8 mg of mercury, 
although there are some with higher or lower 
amounts. 

The life span of a CFL is rated in hours. 
This number, called the rated life, for most 
CFLs is between 6,000 to 15,000 hours. The 
rated life means half the products in a test 
group will fail before reaching the rated life 
and half will operate past the rated life. The 
Energy Star guidelines state that Energy Star 

CFLs must have a rated life greater than or 
equal to 6,000 hours. Assuming that the 
average bulb is used 4 hours per day, a 6,000 
hour rated bulb should last 4.10 years and a 
10,000 hour rated bulb should last 6.85 
years. To bring down the price and still be 
Energy Star compliant many CFL 
manufacturers have been selling more 6,000 
hour bulbs. It is difficult to determine an 
average burnout rate for CFLs. Products 
tested by the National Lighting Product 
Information Program (NLPIP) show a wide 
distribution of life times depending upon the 
cycles of the test. Energy Star requires rated 
lamp life to be tested by cycling through 
leaving them on for three hours followed by 
20 minutes turned off. Scenarios where the 
time on is less than one hour followed by 5 
or 10 minutes off decreased the life of lamps 
significantly. The bulbs that were distributed 
through utility programs during the past year 
were required to be Energy Star compliant. 
This is helpful in determining the 
specifications of a vast majority of the bulbs 
that will need to be recycled in the coming 
years. 

CFL disposal and mercury release 
When fluorescent lamps reach the end of 

their life, they are disposed typically in a 
regular municipal solid waste (MSW) 
landfill, a hazardous waste (HW) landfill or 
at a lamp recycling facility8-9. During the 
process of disposal some of the mercury in 
the lamp can be emitted to the environment10. 
The amount, type of mercury, and deposition 
of the emission depends upon what the 
method of disposal11. 

Mercury emission from disposal 
The USEPA’s office of Solid Waste 

studied this issue in its 1997 report12 titled 
“Mercury Emissions from the Disposal of 
Fluorescent Lamps”. The purpose of the 
study was to determine the waste 
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management policy that would lead to the 
least amount of mercury being emitted to the 
environment. Table 1 summarizes the 
percentage of mercury emissions for each 
disposal option. The study addressed the 
disposal of fluorescent tubes. No studies 
were found that specifically addressed the 
disposal of CFLs. It seems reasonable to use 
the findings of the EPA study for CFLs since  
they operate in the same manner as tubes. 
Primary differences to note are that CFLs 
contain about 1/6 to 1/3 amount of mercury 
as compared to the tubes in the study and that 
the mercury may deposit differently on the 
components of CFLs than on the end caps of 
tubes. The report assumes that at the end of 

life some of the mercury in the bulb is in 
vapor phase, some is incorporated into the 
phosphor powder and some is combined with 
the glass and end caps of the bulb. The 
mercury in vapor form is elemental mercury, 
while the remaining mercury is divalent, or 
Hg (II). The report consistently assumes that 
mercury vapor accounts for 0.2% of the total 
amount of mercury in the lamp at the end of 
life. It also assumes that the mercury in the 
glass and end caps will not be emitted to the 
environment without being heated. For each 
disposal option the report has a high 
estimate, low estimate and central estimate of 
the amount of mercury emitted. 

Table 1 : Percentage of mercury emission for each disposal option 

Disposal Option 
Central Estimates of Mercury 

Emissions 
Elemental Divalent 

Municipal Solid Waste and Similar Transport 100% 2.80% 
Transport to Hazardous Waste site and 
Recycling facilities 

1% 0.03% 

Drum top crushing machines 10% 2.80% 
Recycling 10% 3% 
Municipal Waste Combustion 0% 15% 
Municipal Waste Landfill 100% 0.20% 

 
The first phase of disposal analyzed is 

emissions from transportation from the point 
of generation to the final destination, either a 
landfill or a recycler. The report cites three 
different sources reviewed for emission 
estimates. The average estimates based on 
research done for National Electronics 
Manufacturers Association (NEMA), 
Electric Power Research Institute (EPRI) and 
the USEPA is that 3% of the mercury in a 
bulb is released when it is broken. All bulbs 
are assumed to break during transportation to 

a MSW, or Subtitle D landfill, which means 
that 100% of the elemental mercury vapor is 
emitted and 2.8% of the divalent mercury in 
the phosphor powder is emitted. During 
transport to HW facilities, known as Subtitle 
C facilities, and recyclers the breakage rate is 
assumed to be much less due to better bulb 
packaging. For the central estimate of 
emissions during transportation to HW or 
recycling a breakage rate of 1% was used. 
This indicates that 1% of the elemental 
mercury vapor is emitted and 0.03% of the 
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divalent mercury is emitted. Overall, less 
than 0.03% of the total mercury in lamps 
shipped to HW or recycling facilities is 
emitted during transportation13-14. 

Prior to transportation some lamps are 
processed by a drum top crusher. These 
devices crush fluorescent lamps before they 
are transported to their final destination. 
These crushers use negative pressure and 
have varying degrees of control effectiveness 
for capturing the mercury from crushed 
tubes. The report used a 90% control rate for 
the mercury vapor from the bulbs. The 
mercury in the phosphor powder and end 
caps is assumed to be under no greater 
control than for normal broken lamps 
because negative pressure is only present 
when the crusher is operating. The openings 
in crushers can act as emission points for 
mercury contained in the phosphor powder 
and other parts of the lamp. It is calculated 
that emission of elemental mercury vapor 
and divalent mercury is 10% and 2.8% 
respectively. This reaches a total of 2.82% 
emission of overall mercury in drum top 
crushing. There are additional emissions 
related to the recycling of fluorescent lamps. 
The recycling of lamps is divided into 
primary and secondary recycling. Primary 
recycling includes the crushing and 
separating of lamps and the retort and 
recovery of mercury. Secondary recycling 
refers to the recycling of end caps and glass 
from the lamps. Of the total mercury entering 
the recycling facility, it is estimated that 3% 
is emitted during primary and secondary 
recycling. The larger fraction of the emitted 
mercury occurs during the secondary 
recycling. The central estimates calculated in 
the report are that 10% of the elemental 
mercury vapor and 3% of the divalent 
mercury is emitted during recycling. 
Municipal waste incinerators are another 
option for disposal. The report assumes that 

all of the elemental mercury vapor will be 
emitted prior to reaching the incinerator so 
no elemental mercury will be emitted during 
incineration. For the calculations it was 
assumed that the emission controls on the 
incinerator would capture 80% of emissions. 
The final central estimate is that no elemental 
mercury and 15% of the divalent mercury 
that enter a waste incinerator will be emitted. 
Placing fluorescent lamps in a landfill is the 
last option considered in the report. The 
report assumes that all of the elemental 
mercury in the lamps is emitted by breakage 
in transit to or at the landfill. The emission 
rates for the remaining mercury bound in the 
end caps and phosphorus in the tube are 
based on a test that placed bulbs under a half 
foot of soil and 1 foot of soil. After 20 days 
0.8% and 0.2% of the mercury, respectively, 
was released to the air through evaporation. 
The final estimate of the report is that 100% 
of elemental mercury vapor and 0.2% of 
divalent mercury is released from MSW 
landfills. The report estimated that for HW 
landfills 100% of elemental mercury is 
emitted for the same reason as above and that 
0% of the remaining mercury is emitted 
because the waste is stabilized after arriving 
at the landfill. 

CONCLUSION 
The CFLs having low mercury content 

have to be promoted for use in buildings. To 
minimize the adverse effect of mercury due 
to breakage of CFL, we need to follow three 
points (1) Avoid panic, (2) Area should be 
ventilated and (3) Cleaning the breakage at 
the earliest without using vacuum cleaner, 
broom or dustpan15. While there is some risk 
from exposure to the mercury vapor a CFL 
breakage can release, that risks is 
comparatively small. Immediately after 
breakage of CFL, ventilate the area 
immediately by opening windows in the 
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room. Use of table or pedestal fan to blow air 
out the window will help in ventilation. 
Ventilation will allow mercury vapor to mix 
with air and flow out. During cold climate, 
heating the room will increase the rate at 
which mercury vaporizes and speed up its 
removal. Finally, clean up the debris of the 
broken CFL promptly to eliminate the risk by 
picking up broken glass pieces and other 
debris, using disposable rubber gloves or 
tweezers. Glass pieces can be gently swept 
onto a stiff piece of paper or cardboard, using 
another piece of paper or similar disposable 
object. 
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