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Discharges from photographic
processing facilities to municipal
wastewater treatment plants are
typically regulated by limiting the
quantity, either in concentration or
mass, of various chemicals, including
silver. Silver water quality criteria
(WQC), administered by the United
States Environmental Protection
Agency (USEPA), are often based on
the environmental properties of
silver. An understanding of these
environmental properties will help
you better understand how and why
discharges of silver are regulated.
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This publication summarizes the
current information on the
environmental fate and effects of
silver.

“Environmental fate and
transport” information describes
how a chemical changes and moves
once it enters the environment.
“Environmental effects” information
describes the potential for a chemical
in the environment to exert an effect
on various organisms.
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Kodak’s health, safety,
and environmental
publications are available
to help you manage your
photographic processing
operations in a safe,
environmentally sound
and cost-effective
manner. This publication
is part of a series of
publications on silver
management designed
to help you optimize
silver recovery. It will
help you understand the
fate and effects of silver

in the environment.



In order to understand the potential
risks of silver that impact the
environment, it is essential to know
the form of silver present (because
each form has different toxicity), the
concentration in the environment
(because all toxicity is dependent on
concentration), and how the silver
changes in the environment (because
the movement of silver in the
environment will determine
concentrations).

ENVIRONMENTAL FATE

The environmental fate of silver
involves a series of changes in
chemical and physical properties that
determine the ultimate disposition of
the silver in the environment. Several
forms of silver are important in the
manufacturing and processing of
photographic materials.

The manufacturing process begins
with silver metal. Silver metal is first
converted to silver nitrate. During the
preparation of photographic
materials, the silver nitrate is
converted to silver halides, which are
salts with low water solubility. It is the
silver halide form that is present in
unprocessed photographic films and
papers. During processing, some (for
black-and-white processes) or all (for
color processes) of the silver is

removed from the film or paper in the
fixing step by the formation of a
chemical complex of silver. This
chemical complex holds silver very
tightly, which is necessary to remove
the silver from the film or paper. The
chemical complex is water-soluble,
but it differs from most silver
compounds in that the chemical
complex remains chemically bound
together, even in solution. The silver
from the photographic process may be
recovered by a variety of techniques;
the recovered silver is returned to a
refiner who converts and purifies the
metal. This cycle of silver use is
depicted in the diagram on page 3.

Although most photographic
processing facilities use silver-
recovery techniques that are efficient
(>90% recovery), there will usually be
a small amount of silver discharged,
as a tightly bound chemical complex
along with wastewater from the
processing activities.

These discharges are treated by
wastewater treatment plants, along
with other domestic and industrial
waste. Most wastewater treatment
plants operate by biological treatment
of the waste, a process where the
waste is treated with naturally
occurring microorganisms that break
down the waste products. During this

waste treatment, the silver complex is
converted into silver sulfide and
silver metal—both nearly insoluble
forms of silver—and separated from
the water as part of the normal
treatment process. Typically, over 90%
of the silver reaching wastewater
treatment plants is removed. The
silver that is separated from the water
is then contained in the biological
(biosolids) solids (called sludge),
which are disposed of through land
application, landfilling, or
incineration. Because of the very low
water solubility of the silver
contained in the sludge, it does not
leave (leach from) the sludge to any
significant extent in landfills or soil
when used as a fertilizer.

The very smallamount of silver that
is released from treatment plants to
bodies of water is in the form of either
tightly bound, soluble silver
complexes or nearly insoluble silver
forms such as sulfide. The soluble
silver complex may react with a
variety of naturally occurring
substances such as chemical
constituents of the water (e.g.,
chloride), organic constituents of the
water (e.g., humic acids) reactive
sulfides, and solid particles
suspended in the water. These
processes quickly render any soluble
silver forms nearly insoluble, and
remove them from the water. Silver
sulfide and silver particulates settle to
the bottom (sedimentation).

The Fate and Effects of Silver in the Environment e J-216(ENG)



Silver Use and Recycling Process
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ENVIRONMENTAL

EFFECTS

Toxicity is the measure of adverse
chemical effects on an organism and is
governed by several factors, including
the form and amount of the chemical
present in the organism. Different
forms of silver display different
degrees of toxicity. Silver that is
soluble in water, and unattached to
any other atoms while in solution, is

known by several names including
free silver, ionic silver, and hydrated
silver ion. In general, it is the free
silver that is the most toxic form. This
toxicity is the basis of regulations on
discharge of silver compounds. Silver
compounds release ionic silver very
slowly due to very low solubility (e.g.,
silver sulfide) or complexation of the
silver (e.g., silver thiosulfate). These
compounds are over 15,000 times less
toxic than silver nitrate to aquatic
organisms. This relationship is
depicted in the diagram below.

Because of the tendency for silver to
form nearly insoluble chemicals in
natural waters and sediments, the
chance for organisms to be affected
long term is minimal. Work done by
scientists at Kodak and at universities
around the world have added greatly
to our understanding of the potential
effects of silver in the environment.
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Environmental Information

MORE INFORMATION

For more information about J-210  Sources of Silver in Photographic Processing
Kodak Environmental www.kodak.com/go/kes Facilities

Services, visit Kodak online at
J-211  Measuring Silver in Photographic Processing

For environmental or safety Facilities

questions about Kodak 1-585-477-3194

products, services, or J-212  The Technology of Silver Recovery for
publications, call Photographic Processing Facilities

For questions about the safe J-213  Refining Silver Recovered from Photographic
handling of photographic Processing Facilities

chemicals or health-related 1-585-722-5151 J-214  The Regulation of Silver in Photographic

information about Kodak

Processing Facilities
products, call our 24-hour

hotline at J-215  Recovering Silver from Photographic Processing
Facilities

For questions concerning the

safe transportation of Kodak 1-585-722-2400 J-217 Using Code of Management Practice to Manage

products, call Kodak Silver in Photographic Processing Facilities

Transportation Services at

If you have questions about Kodak products, call Kodak.

In the U.S.A., call 1-800-242-2424,
Ext. 19,
Monday-Friday
9a.m.-7 p.m.
(Eastern time)

In Canada, call 1-800-465-6325,
Monday-Friday
8a.m-5p.m.
(Eastern time)

In countries other than the contact your local Kodak
U.S. and Canada, representative, or your
usual supplier of Kodak
products.

This publication is printed on recycled paper that contains
50 percent recycled fiber and 10 percent post-consumer material.
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