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Environmental Health and Safety Issues

e Air Pollution

* Water Contamination

e Land Contamination

* Biological Hazards

e Chemical Hazards — Chemicals / Pharmaceuticals
e Occupational Hazards



Environmental Health and Safety Issues
and Medical Waste Management

Activities in clinical, diagnostic, and research
facilities have the potential to create environmental
health and safety issues at the point of generation of
medical waste as well as for the surrounding
community and environment.









PVC - Poly Vinyl Chloride

PVC, or vinyl, plastic — the most widely used plastic in medical
devices — can be harmful to patients, the environment and
public health. There are two key problems associated with
PVC:

e Dioxin, a known human carcinogen, can be formed during
the manufacture of PVC, and during the incineration or
burning of PVC products.

 DEHP, a phthalate used to soften PVC plastic that can leach
from PVC medical devices, is linked to reproductive birth
defects and other illnesses, according to animal studies.



Countries active in PVC Reduction:

Scandinavian and German speaking countries - PVC phase-out policies and
committing to favour PVC-free products in public procurement contracts.

The Vienna Hospital Association, Austria, committed to phasing out PVC in
1992. After more than 15 years of this environmental policy, PVC share in
medical devices has dropped from approximately 10% of total weight of
medical waste in 1992, to 2.5% in 1995, to just 0.6% in 1999. The
proportion of PVC packaging material was reduced from 3.6% to 0.04%.

In 2004, Karolinska University Hospital in Stockholm County Council,
Sweden, estimated it was using 40 tonnes of phthalates per year just in
gloves. By mid-2007, Karolinska Hospital had substituted almost half of its
PVC and latex gloves for safer nitrile alternatives.
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MERCURY

Silver-white, odorless, liquid metal at room temperature


Presenter
Presentation Notes
Mercury is a heavy, silver-colored, liquid metal at room temperature. 


Mercury

Mercury is a potent neurotoxin that can affect the
brain, spinal cord, kidneys and liver.

According to the U.S. Centers for Disease Control and
Prevention, up to one in 10 women in the U.S. already
carry enough mercury in their blood to pose a threat
of neurological damage to the fetus.

The U.S. EPA ranks the health care sector as the
fourth largest source of mercury air emissions due to
their contribution to medical waste incinerators.



Chemical Forms of Mercury

e Elemental
— Liquid Metal

 |Inorganic Salts
— Mercuric Chloride
e Organic
— Methyl, Ethyl, Dimethyl
— Phenyl Organic Groups



Presenter
Presentation Notes
Mercury exists in three forms: elemental mercury, inorganic mercury compounds (such as mercuric chloride and mercuric sulfide), and organic mercury compounds (such as methyl mercury). All forms of mercury are quite toxic at varying degrees, with each form exhibiting different health effects. 

The photos (top to bottom) show a drop of liquid elemental mercury, white mercuric chloride powder, and a topical antiseptic tincture containing an organic mercury compound, merbromin. The chemical structures for methyl mercury and dimethyl mercury are shown.

http://en.wikipedia.org/wiki/File:Dimethylmercury2.png
http://en.wikipedia.org/wiki/File:Methylmercury.png
http://media-2.web.britannica.com/eb-media/38/123238-004-9B84B923.jpg

Mercury In the Environment

Mercury Cycle

 Emitted from human activities
& natural sources

 Circulates in the atmosphere
from 6 months to 1% years

e: New York State Department of Environmental Conservation

* Deposited back into land or bodies of water
e Converted into insoluble forms, settling into sediment

e Converted by bacteria into methyl mercury and enters
the food chain

* Released back into the atmosphere by volatilization
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Presentation Notes
Mercury constantly cycles in the environment. The cycle has several major steps: 
1 – Mercury is emitted into the air from human activity (e.g., incineration) as well as natural degassing from rock, soils, oceans and other surface waters, and emissions from volcanoes. 
2 – Mercury moves in gaseous form through the atmosphere, circulating for up to 18 months. 
3 – Mercury is deposited by rain or snow or as mercury particles falling out of the atmosphere onto land and surface waters. 
4 – Mercury in water and in some soils can be converted into insoluble forms, such as mercury sulfide, which then settle into the sediment. 
5 – Mercury compounds are then converted by bacteria into methyl mercury, a highly toxic, persistent, and bioaccumulative form of organic mercury that builds up in living tissue and increase in concentration up the food chain, from microorganisms like plankton, to small fish, then to fish eating species, and humans.
6 – Elemental mercury and other volatile forms of mercury in soil and water are re-emitted into the atmosphere. 
 
Source of figure: New York State Department of Environmental Conservation
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Mercury in the atmosphere is eventually deposited to the ground and may ultimately make its way into lakes, rivers, streams, and marshes. Mercury is converted into mercury sulfide, which settles into the sediment. Sulfate-reducing bacteria found in the muddy sediments of rivers, lakes, and oceans then convert mercury into methylmercury, which is taken up by other microorganisms. Mercury bioaccumulates in fish, aquatic invertebrates, and mammals. More than 95% of the mercury found in fish and shellfish is in the form of methylmercury. Mercury concentrates in the muscle tissue of fish and cannot be cooked out of consumable fish.

Source of figure: Theoretical mercury cycle, U.S. Geological Survey
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Presentation Notes
Bioaccumulation refers to the process by which a concentration of a substance increases as it moves up the food chain. Methylmercury-containing bacteria may be consumed by the next higher level in the food chain, or the bacteria may release the methylmercury to the water where it is easily adsorbed by plankton and small plants, which are then eaten by small fish, which in turn are eaten by larger fish. By the time a fish-eating bird or mammal eats the larger fish, the concentration of methylmercury in the fish can be about a million times higher than in the surrounding water. A wading bird's eggs can be several million times higher.

Source of figure: Is Mercury the Achilles Heel of the Restoration Effort?, South Florida Restoration Science Forum; and USGS.


Mercury Emissions & Sources

from Human Activity

* The global atmospheric emissions of mercury is
estimated at 1930 tonnes from human activities in 2005

e Compared to pre-industrial times, levels of mercury In
the environment have significantly increased

e The major sources Include:
coal combustion, gold mining,
metal production, waste
Incineration, and product-use
(e.g., thermometers, pressure
gauges, etc.)

Global mercury emissions to air
from human activities in 2005 by


Presenter
Presentation Notes
In tests of ice cores, peat cores, and lake sediment cores, a clear increase in mercury concentration is observed today compared with the pre-industrial period. Lake sediment cores, for example, indicate a three-fold increase in mercury levels compared to pre-industrial times.

About two-thirds of global atmospheric releases of mercury from human activity come from Asia, with China as the largest contributor worldwide. The United States and India are the second and third largest emitters.

Burning of fossil fuels, primarily coal, is the largest source of emissions from human activity, accounting for about 45%. Other sources include small-scale gold mining, industrial gold production, other mining and metal production, waste incineration, and product use (such as thermometers, sphygmomanometers, batteries, mercury switches, etc.).

Source: “The Global Atmospheric Mercury Assessment: Sources, Emissions and Transport,” UNEP-Chemicals Branch, United Nations Environment Programme, Geneva, Switzerland, 2008.


Health Care Products Containing
Mercury and Their Alternatives

e Product | mees————- o Alternatives

— Hg batteries — Lithium, zinc air, alkaline

— Esophageal devices, — Tungsten-filled dilators,
Cantor & Miller-Abbott products w/ tungsten
tubes tubing Anderson AN-20

— Hg thermometers — Digital, alcohol, galinstan

— Hg-based blood pressure — Aneroid, electronic
monitoring devices (oscillometric)

— Lamps & lighting devices — Non-Hg lamps, LEDs

— Hg switches — Non-Hg switches

— Hg dental amalgams — Gold, ceramic, porcelain
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Presentation Notes
Improper disposal of mercury-containing products results in mercury releases to the environment. A health facility has many mercury-containing products such as thermometers, sphygmomanometers, esophageal devices, dental amalgams, etc. Mercury-free alternatives are currently available and cost-effective, particularly when one considers the avoided costs of disposal, cleanup and worker training. Cost varies, depending on the QUANTITY of the products bought. 


Health Effects of Mercury (Hg)

e Depend on the form of mercury, type of exposure
(acute or chronic), route of exposure, dose

EXAMPLES:

o Acute exposure to high levels of elemental Hg
— tremors, slowed motor nerve functions, memory loss

 Acute Inhalation of high amounts of elemental Hg
— chest pains, acute renal failure, shortness of breath
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Acute (short-term) exposure to high levels of elemental mercury in humans results in central nervous system (CNS) effects such as tremors, mood changes, and slowed sensory and motor nerve function.  

Acute inhalation exposure of humans to high concentrations has resulted in kidney effects ranging from mild transient proteinuria to acute renal failure. Gastrointestinal effects and respiratory effects, such as chest pains, dyspnea, cough, pulmonary function impairment, and interstitial pneumonitis have also been noted from human inhalation exposure to elemental mercury. 

Acute exposure to inorganic mercury by the oral route may result in effects such as nausea, vomiting, and severe abdominal pain.  The major effect from chronic exposure to inorganic mercury is kidney damage. 

Chronic (long-term) exposure to elemental mercury in humans also affects the CNS, with effects such as erethism (abnormal irritability and increased excitability), excessive shyness, and tremors. [See next slide on the Mad Hatter syndrome.]

Source: US EPA

http://www.freeclipartnow.com/science/medicine/symbols-ribbons/poison-sign.jpg.html

Summary of Health Effects of
Methyl Mercury on Humans

@ Existing Studies (ATSDR 1998)

Inhalation

Oral
Dermal
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Presentation Notes
This chart summarizes the health effects of methyl mercury according to the route of exposure (inhalation, ingestion or oral exposure, and dermal contact), based on studies reviewed by the Agency for Toxic Substances and Disease Registry (ATSDR), U.S. Department of Health and Human Services, in 1998.


WHO Policy on Mercury
In Health Care

Short Term: Develop and implement plans to reduce
the use of mercury equipment and replace with
mercury free alternatives. Address mercury clean up,
waste handling and storage procedures.

Medium Term: Increase efforts to reduce use of
unnecessary mercury equipment .

Long Term: Support a ban of mercury containing
devices and promote alternatives.


Presenter
Presentation Notes
Policy paper available in:
http://www.who.int/water_sanitation_health/medicalwaste/mercury/en/
or
http://www.who.int/ifcs/documents/forums/forum5/mercurypolpaper.pdf


www.mercuryfreehealthcare.org  www.noharm.org
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Presentation Notes
Health Care Without Harm and the World Health Organization are co-leading a global initiative to achieve virtual elimination of mercury-based thermometers and sphygmomanometers over the next decade and their substitution with accurate, economically viable alternatives. The initiative is a component of the UN Environment Programme's Mercury Products Partnership.



Mercury Spill - Who do you Contact?

Anyone who has questions
regarding mercury or spill
procedures should contact
their Laboratory Supervisor,
their own Supervisor, or the
HSC Safety Committee.




Contain Spill

Prevent the spread of
mercury when cleaning
up a mercury spill.

Mercury beads can
splash and roll around.

Secure the area around

the spill, so the mercury
does not get "tracked" -
or "kicked" around.




Restrict Area

e Cease activities and
keep the area restricted
until the entire spill is
cleaned up.

DANGER

%

CHEMICAL
SPILL

KEEP AWAY R

.




Mercury Vacuum

e Onecanusea
special vacuum
cleaner is available
which is designed to
pick up mercury
droplets safely.




Location of Mercury Vacuum

e If there is no vacuum
available for use do
not try to use a shop
vac or other device.




Temporary Control

e |f a mercury vacuum is not
readily available, cover the
spill with sulfur or zinc
powder as a temporary
control measure.

e Cover from the perimeter of
the spill toward the center.
Do not walk through the
spill or the sulfur or zinc
powder.




Special Care

e Special attention
must be taken in
cleaning cracks
and crevices
WHE GRS
mercury may
have settled.




Specialty Wipes

o All visible mercury
beads are collected
using the mercury
vacuum followed
by specialty wipes.




Mercury Beads

e Mercury beads
easily enter
cracks and
crevices.




Sulfur Impregnated Cloths

e Sulfur impregnated
cloths may be used for
a final wipe down of
the area being cleaned




Mercury Waste

e Mercury waste
and all waste
materials
contaminated
with mercury
must be labeled
before disposal.




Disposal

e No mercury,
including broken
thermometers,
may be disposed
of in the normal
trash or into the
sewer system.




Air Monitoring

e Air monitoring should
be used in conjunction
with the mercury
vacuum to ensure the
complete removal of
mercury and to assess
spill cleanup personnel
exposure.




PROCEDURES TO BE FOLLOWED FOR
SMALL CHEMICAL SPILLS

» Contain Spill.

» Notify all staff.

» Close all drains.

» Switch off all electrical equipments.
» Cordon off the area.

P Assist any person that has been
exposed to Chemical spill.



PRECAUTIONARY MEASURES

e Put on all protective clothing, goggles and acid
resistant gloves.

e Cover all wet spills with absorbent packs or with
loose PP.

e Clean up all dry spill using the scoop.

e Try not to mix chemicals when scooping up. Ask
Safety Officer for a list of incompatible chemicals.

e Place all dry chemicals in a sturdy plastic bag, tie
with vinyl bag ties, and label if contents are
known.



PRECAUTIONARY MEASURES

e Pick up all broken glass using tongs and put it into
the broken glass containers supplied in every lab.
Take note of all information on the Labels from
broken containers, both safety information and
toxicity.

e After the absorbent packs have absorbed 10-20x
there own weight, they are saturated and need to
be replaced by another absorbent pack.

e Put saturated absorbent packs into plastic bags for
disposal.



SPILLS REQUIRING SPECIAL PROCEDURES

e Acid Chlorides

Use saw dust or or dry sand.
Avoid water and avoid sodium bicarbonate.

e Alkali Metals (lithium, sodium, magnesium,
potassium)

Smother with dry sand or cover with contents
from a Class “D” fire extinguisher. Use of a Class
“D” fire extinguisher is the preferred
extinguishing method. Avoid contact with
water.



SPILLS REQUIRING SPECIAL PROCEDURES

e White or Yellow Phosphorus
Blanket with wet sand or wet absorbent.
e Bromine

Neutralize spill with a 5% solution of sodium
thiosulfate.

Absorb with inert absorbent material.
e Hydrofluoric Acid

Neutralize with soda ash or lime (or absorb
spill with special HF spill pillow).

Absorb with inert absorbent material.



Biological Safety Cabinet



Chemical Fume Hood




Quantitative analysis of mercury concentration in the waste
water released from dental clinics in UAE’ was done

between January 2010 and June 2011 on 38 wastewater
samples from 28 public dental clinics in Sharjah and Abu
Dhabi.

The study has shown that the average concentration of Hg
(mercury) in all samples was 317.7 microgram per litre.
According to Dubai Municipality’s environmental standards,
the maximum limit allowed for discharge of mercury
containing waste to the sewerage system is 10 microgram per
litre and to land for irrigation is only one microgram per
litre,” said Dr Sausan Al Kawas.



Pharmaceutical Waste Management

Environmental Issues....

Waste Dujour......

What is in your Water you drink?



Major water sources positive for pharmaceuticals

At least one pharmaceutical was detected in | 28 tested finished drinking water. Test results

tests of finished drinking water supplies for 24 | vary widely. Some water systems said tests had
metropolitan areas, according to an Associated | been negative, but the AP found independent

Press survey of 62 major water providers. Only | research showing otherwise.

Pharmaceuticals in drinking water

@ Water tested positive for pharmaceuticals @ Water tested negative for phmnmneuﬂcata
@ Water not testeﬁ for phammneutlc:als o Test l'esuls pendng d

" In Wirginia Beach, pharmacauticals wearne found

in source water but not in treated drinking water. NOTE: All places include some surrounding aneas except: Albugueargue,
" Drinking walar in Ausgtin, Texas, was 1esied for only MM Arfinglon, Texas; Fresno, Calif., Long Beach, Calif | Los Angeles;
one prescrpton diug, & symbvwetc Sath control chwemical, Memphis, Tenn., New Orleans; New York Gy, and Clando, Fla,

SOURCES: Duinking water prowviders’ responses o Associated Prass questons, AP review of scientific teraturs. AP



Human Pharmaceuticals in the Water Cycle

Private
Households

Production / Hospitals

Manufacturing

\ Sewage

Treatment
Plant

Surface
Water

EMWC, Amsterdam Feb 2011 © K. Kimmerer

Ground Water
Water Works




Unused Pharmaceuticals down the drain:
A Poll (1306 interviews)

1 % Yes, always
2 % Yes, regularly

Tablets 7 % Yes, sometimes

6 % Yes, rarely

10 % Yes, always

8 % Yes, regularly

13 % Yes, sometimes

1 % Yes, rarely

EMWC, Amsterdam Feb 2011 K. Kiimmerer



Risk Management Strategies

EMWC, Amsterdam Feb 2011

Obstacles:
Needs time

Not for
administered
share of drugs

© K. Kimmerer

3. Active compounds
substitution of critical
compounds

long-term

Smart solution
Business case of the future
Needs new understanding,
Different thinking,
and good education

Important building block for
sustainable pharmacy




Need More Information?

Despo Fatta-Kassinos W yppepmmmmmpeeny W TFF §EE LS Rl
Kai Bester et . St - .
Klaus Kiimmerer
Editors

Mass Flows, Environmental Processes,
Mitigation and Treatment Strategies

€) Springer

EMWC, Amsterdam Feb 2011 K. Kimmerer



PILLS - objectives
The alms of the project are
. to gain comparable (sclentific and practical) solutions for the treatrment
of pharmaceutically burdened wastewater and

to widen discussion about the problem in order to increase the public
awareness of protective measures.

PILLS - partners
Six partners coming from sk Buropean States are working together In the PILLS-project:

France ﬂ U

Germany (Lead Partne) CENOSSENSCHAFT 55

Luxemboung "%;"'g HEMRI TuDOE

Switzerland eawa

aquatic research oog

The Metherdands e it

United Kingdom :5-:

Project duration:  September 2007 — Decamber 2011
Budget: Approx. 8 milllon Eurg; 50% co-financed by ERDF

The PILLS partnership Is supported in the framework of the
INTERREG IV B programme of the European Union.



http://www.pills-project.eu/
http://www.pills-project.eu/
http://www.pills-project.eu/

Safe Management of Wastes from
Health-Care activities

WHO European Centre for
Environment and Health
Rome, Italy

World Health Organization
Geneva
1999...New Edition coming soon......2012



e Agency for Toxic Substances and
Disease Registry — ATSDR

e 1992 Report to US Congress



ATSDR Conclusions

The greatest risk of transmission of infectious
agents associated with medical waste is

occupational:
al ?
Janitorial and laundry workers i m‘
Nurses E
Emergency medical personnel Ty

Refuse workers




ATSDR Conclusions

The general public’s health is not likely to be
adversely affected by medical waste generated
in the traditional health care setting.



What are the risks associated with
Medical Waste ??

¢ Industrialized/High Income Countries

¢ Occupational Impact?
¢ Public Health Impact?
¢ Perception of Risk?

¢ Non-industrialized/Low Income Countries
¢ Occupational Impact?
¢ Public Health?

- W
S .

. =



Where are the Risks ??

_ocular invasion

_

——inhalation

)
x ingestion

r skin
Jﬁenetratinn

-



Presenter
Presentation Notes
For an interactive exercise, BEFORE SHOWING THIS SLIDE: ASK THE CLASS TO TELL YOU HOW BIOHAZARDS OR PATHOGENS CAN ENTER THE BODY.  Hopefully, the collective experience and awareness of the group will be able to identify the 4 routes of exposure for pathogens in the workplace.  Through facial mucosal membranes (eyes, nose, and mouth), via inhalation of aerosols, ingestion (eating, drinking in the laboratory, mouth pipetting, poor hygiene), and through intact (needlesticks, animal bites, etc.) and through non-intact skin (dermatitis, eczema, poison ivy).  
If you have the accident, injury, illness logs from Employee Health or Worker’s Compensation for your institution, you can ask the class to guess which route of exposure is most often reported, or the most prevalent route of exposure over the past so many years, etc.  
Generally, exposures that you can “feel,” such as percutaneous injuries like needlesticks, cuts, and bites along with splashes to the face will be reported, thus sharps injuries generally lead the list of reportable injuries, usually followed by the “splashing” events.  Rarely, will individuals be able to recollect creating an aerosol and inhaling it as they won’t smell, taste, or see the biological aerosol generated.  They also may not even be aware of the inadvertent touching of their facial mucous membranes by contaminated hands.  If they are eating, drinking, smoking or mouth pipetting in the laboratory, they may not be aware that these bad practices can lead to exposure or simply don’t care.  Individuals in this category should not be permitted to work with biohazards or simply not be allowed to work in the laboratory at all. 


HEALTHCARE WASTE

ROUTES OF EXPOSURE?

INHALATION - RELEASE OF AEROSOLS CONTAINING PATHOGENS ?
YES

CONTACT - INTRODUCTION
THROUGH CUTS, ABRASIONS, AND SPLASHES ?
YES

PERCUTANEOUS - CONTACT THROUGH ACCIDENTAL CUTS AND STICKS
YES

INGESTION — INTAKE OF CONTAMINATED FOODS
NOT LIKELY....
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