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ABSTRACT

Fluorescent lamps (FLs) are favourites in terms of energy efficiency, brightness and durability. However, fluorescent
lamp tubes (FLTs) are of health and environmental concern due to the presence of metallic mercury which aids their
functionality for light production. Burn-out fluorescent lamp tubes (BFLTs) are carelessly handled and indiscriminately
disposed in landfills. In the present study, the exposure level of mercury in BFLTs was investigated using Mercury Drum-
Top Crusher Test model. The average mercury exposure level was between 0.46 mg/m3 and 0.74 mg/ m3 in a closed
drum. These concentrations attenuated thereafter, and eventually remained unchanged at a certain threshold level
leaving residual mercury vapour. Accidental or deliberate breakage of FLTs in a closed environment will, therefore,
require enough ventilation to remove the residual mercury vapour. The mercury exposure level was significant, though
the concentration could be lower in a larger or opened environmental space. Reduction in mercury concentration was a
signal that mercury vapour gradually pollutes the ambient air during the Drum-Top Crusher usage and the accumulated
concentration could pose harm to the environment. There is need for urgent public awareness on the potential risk of
FLTs. Laws banning indiscriminate dumping of fluorescent tubes in landfills should be advanced and supported with
proper recycling technologies.
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INTRODUCTION

Incandescent light bulbs, compact fluorescent lamps (CFLs) and fluorescent lamps (FLs) are commonly
used electrical lighting systems in Nigeria. However, with a continuous acute power supply and a need to
fall in line with the general global campaign for energy conservation, there is a need for a lighting system
with maximum energy efficiency usage without compromising ( or with better) brightness and durability.
CFLs and FLs fit into the requirements leading to general acceptance and increasing popularity of the
lamps. The basic operation of FLs require some doses of metallic mercury, the mercury produces
ultraviolet radiation which is transformed to visible light by the phosphorescent powder coated on the
inner side of the glass [3, 12]. Mercury is considered to pose serious environmental and health risks, it
could lead to a number of diseases ranging from headache to a severe memory loss depending on the
levels of exposure. About 80% of inhaled mercury is absorbed or transported by the blood to the brain
and other target tissues. It is persistent in the environment, forming methyl mercury which is more toxic
than mercury itself, and bio-accumulate through the food chain. Although, the body has a potential of
gradually eliminating the metal, the cumulative exposure can aggravate the amount in the body [3, 14,
17]. The use of mercury has been restricted to a maximum concentration of 10 mg per lamp in FLs
according to the regulations in directive 2002/95/EC on the Restriction of the use of Certain Hazardous
Substances in Electrical and Electronic Equipment (RoHS). This was confirmed by some investigations,
though some tubes contain more than their indications [2, 9]. Most of the mercury in lamps remained
either as a component of phosphor powders which are attached inside the lamp or in glass matrices;
Phosphor powder has greater than 80% of mercury amount in burn-out fluorescent lamp tubes (BFLTs)
and about 15% of mercury amount in glass matrix, while the rest 5% may exist in vapour phase inside the
tube. Phosphor powder is, therefore, considered as a hazardous waste while base-cap and glass are
classified as non-hazardous wastes. By washing and eliminating all phosphor powder attached to the
glass surface it is possible to classify the glass as a non-hazardous waste [7, 10, 13, 14]. The mercury
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concentration in a phosphor powder sample with 103 mg kg of mercury is about 6.6 mg kg! and by
retorting the phosphor powder at optimal conditions, it can also be considered to be non-hazardous
wastes [6, 11]. The distributions of mercury in the vapour phase, phosphor powder, and glass matrix are
the same for both new and spent fluorescent tubes [8]. While most studies’ targets are on occupation
areas, some studies have implicated non-occupation areas for intensive mercury poisoning after mercury
vapours are released from damaged devices such as FLs [14], hence mercury is classified as a house hold
hazardous waste priority chemical and the quality of indoor air and the resultant risk associated with
accidental exposure to volatized metallic mercury are major concerns for building occupants [1, 15].
Mercury lamps are handled carelessly, resulting in breakage during storage packing or disposal in
landfills. They are sometimes deliberately broken for them to fit into disposal bins and children
commonly play with them. SFLTs are transported and dumped directly in landfills where most of them
get broken along the way or in the landfills posing health risk to the surrounding occupants and
environmental workers. Little work has been recorded on current state of affairs in the environmental
management of discarded SFLTs. Several possible means of storing, transporting and recycling spent
fluorescent lamps have been advanced [16], but a significant adoption involves the use of drum top lamp
crushers, where the BFLTs are stored or crushed to reduce solid waste volume and avoid mercury
exposure in landfills or storage facilities. The present study is aimed at determining the exposure level of
mercury from spent broken fluorescent tubes in Nigeria. The drum top lamp crushing procedure is
modified in this study to examine the potential mercury concentration released from broken fluorescent
lamps; their fate, and persistence were assessed by evaluating the mercury exposure over time.

MATERIALS AND METHODS

Sampling:

Three commonly used brands of burn-out fluorescent lamp tubes (BFLTs) were selected for this
investigation. Fifty five pieces of different brands of the linear tubes were carefully collected from
dumpsites, door steps of offices and homes, and individual donations in Lagos, Nigeria. Tubes were
thoroughly observed for minor breakages and leakages.

Materials:

Burn-out linear fluorescent lamp tubes

208 L thermoplastic drum

Rubber tubes

Lamp crushing kit

Gastec gas sampling pump set (Model GV-100S) with standard detection tubes

Methods:

A modified Mercury Lamp Drum-Top Crusher Test [2, 16] was employed using three set of thermoplastic
drums in isolated laboratories for lamp crushing and gas measurement. This was used to simulate the
deliberate or accidental lamp breakage in an enclosed environment with minimum air current. The 208-L
drum was appropriately washed, cleaned and dried. A rubber tube of 2 m long and 3 mm diameter was
inserted into a port previously drilled on top of the thermoplastic drum and the entry point was sealed
with a black rubber tape. The diameter of the port was ensured to be suited for the rubber and both were
properly fixed. At about four-fifth length of the drum, another port of 12.7 mm was made to fit in the
Gastec gas sampling pump set for direct reading instrument used for the measurement of mercury vapour
concentration. The procedure was undertaken at room temperature of 26.5°C.

Initial reading was taken to determine the blank mercury vapour concentration in the empty drum prior
to the measurement. Five BFLTs were randomly picked for each lamp brand and fed singly into the entry
rubber tube. For each introduction, the outer part of the rubber tube was sealed off and the lamp was
broken mechanically when it had made meaningful entry into the tube. The glass fragments, phosphor
powder and shards were properly discharged into the drum air space. Tube breakings were done with
some levels of attention for relatively constant operational forces. Concentration of the 5 BFLs were
determined and evaluated for average exposure model. The drum was opened and the contents were
properly discharged into sealed bags. The procedure was repeated for the other two brands. Blank levels
were always determined for possible residual mercury content.

To investigate mercury exposure rate in the drum air space, readings for 10 BFLs of each tube brand was
taken as a function of time (hr) at every 2 hours for 36 hours.

RESULTS AND DISCUSSION
The average mercury exposure in the drum air space is dictated by the specifications or brand of the lamp
and it is independent of tubes length and diameter (Table I). The value ranges from 0.46+0.32 - 0.74+0.71
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mg/m3. The results are consistent with 1.44 mg/m3 determined by Aucott et al. [2] for two broken
fluorescent tubes at 85°F. The different concentrations obtained from different brands have been
attributed to factors such as product design, mercury content as metallic or amalgam and duration of
usage [2, 15]. The results did not specify the amount of mercury in vapour phase, phosphor powder, glass
matrix and end caps. There was a significant relationship in the average mercury concentration for every
set of the procedure and could be used to predict the exposure risk at every point of tube breakage. The
potential risk is clearly significant, especially in enclosed environment caused by accidental breakage or
deliberates as in the case where children make funs with them and where adults crumble tubes to fit into
waste bins. Exposure rate is directly proportional to the number of lamp crushes. The investigation
mimicked the condition of an enclosed environment; the exposure trend in an open environment with
higher ventilation and temperature [2, 16]. Mercury concentration decreased with increase in the initial
concentration level (Table II), which is also dependent on the specifications of the brand but not on the
dimension of the tubes. Mercury levels attenuate with time irrespective of the specifications (Fig. I). This
could be due to settlement of the mercury vapour with the particles or release from the drums as
reported in USEPA [16]. The two possibilities indicate potential environmental risks. In the first case, the
condensed mercury could volatilize into the environment or leached into soil where it could be further
transferred to aquatic environment causing harms. The second possibility indicates that Drum-top
crushers (DTC) used for recycling of SFLTs are exposure route for mercury in the environment and could
lead to increase in ambient air mercury concentration which may be harmful to the workers and
populace. It has been suggested by USEPA [16] that the DTC should be located outside the residential
areas during recycling processes. The constant concentration observed for all the brands (Tables 3-5) are
related to the operational physico-chemical parameters of mercury vapour in the drum space and this
signifies a residual volume of mercury when released in an enclosed environment. Breakage of tubes
where there is limited mass transfer of air is environmentally risky and could be mitigated by aeration.

Table I: The specifications of linear fluorescent lamps

S/N | Manufacturer/ Model Length (Ft) Diameter
Country (mm)

1 Phillips/ Holland TLD 18W/54 2 2.0

2 Sylvania/Germany F40W/154-IRS 4 2.0

3 Tungsram/ Hungary F74/M11 4 1.5

Table II: Average concentration of mercury in different lamp brands

Model Diamet¢ Blank conc. (mg/m3 Average conc. (mg/m
TLD 18W/54 2.0 0.00 0.73+0.57
F40W/154-IRS 2.0 0.00 0.46+0.32
F74/M11 1.5 0.00 0.74+0.71

Table 3: Trend in exposure levels of mercury in 10 tubes of brand TLD 18W/54
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Table 4. Trend in exposure levels of mercury in 10 tubes of brand F40W/154-IRS
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Table5: Trend in exposure levels of mercury in 10 tubes of brand F74/M11
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Fig. 1: Decrease of mercury concentration with time

CONCLUSION

The results of the investigation indicated a significant level of mercury in fragments of broken fluorescent
lamb tubes (BFLTs) and the associated and the potential environmental and health risks. The mercury
exposure level decreases with time in an enclosed environment but remain constant beyond certain
concentration with the implication that exposed mercury vapour from BFLTSs or other sources in enclosed
environment could leave a residual level of mercury. BFLTs could serve as air-borne exposure route of
mercury into the body; the exposure is severe in enclosed environment.

The general public have to be properly enlightened on the effects of mercury and its presence in
fluorescent lamp tubes; information should also be extended on how to handle the tubes. Where there is
accidental breakage, the environment should be evacuated and maximum ventilation should be allowed.
Environmental laws and policies disallowing breakage of fluorescent tubes and disposal of fluorescent
tubes in land fills should be properly put in place. For appropriate waste management, special boxes or
bags may be designated for the carrier, storage, and disposal of FLTs. There is urgent need for the
construction and adequate usage of recycling facility.
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