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ABSTRACT KEYWORDS
Spent fixer solution from photographic industriesand X-ray machines cause Silver;
water and soil pollution if drained out without any treatment. This solution Spent;
contains about 2 - 4 g of silver per liter. The maximum permitted level of Fixer;
silver in the waste solution isonly 3 ppm. It is clear that concentration of Tigray;
silver in spent fixer solution may be thousand times greater than maximum Electrolytic method,;
stipulated limit. Moreover silver is precious and noble metal. So recovery Chemical method.

of silver from waste fixer solution will not only prevent water and soil
pollution but also prove to be profitable process. A survey in most of the
places in Tigray Region shows that spent fixer solution is drained out
without any treatment. The photographic industry isfast growing industry
and this may lead to soil and water pollution. Two methods are identified
as economica and simple without involving complicated procedures for
extraction of silver. One is chemical method and the other an electrolytic
method. Both methods are found to be successful; however electrolytic
method is the preferred one because of its simplicity, economical and
environmentally friendly. In photographic fixer solution about 2 gL-*andin
X-ray solution, about 3 gL of silver were recovered.
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INTRODUCTION hasbeenwidely applied infields of aerospace, com-

muni cations, chemicd industry (for indanceascatays,

Silver isametal of commercia importancefor use  conductor and chemica sensors), medical equipment,
inhighgrength and corrosionresstancedloysandjew-  electroplating, photographic material sand electronic
elry. Inaddition, owingtoitsexcellent propertiesof  industries*®. Silver hasbeen used for itsantimicrobial
el ectrica and therma conductivity and ductility, Slver  propertiesat least Sncetheancient Romansused silver
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coinstotreet drinking water. However, Silver resources
intheworld are extremely scant and mainly associated
with lead, copper and antimony deposits?.

There arerisks associated with the use of silver.
Highlevelsof slver aretoxicto human cdls, which can
slow healing in the case of wound care. Other prob-
lemsassociated with silver includeargyria, whichisa
condition characterized by apermanent blue-gray dis-
coloration of the skin®. Studies show that toxicity of
slver dependsonitschemicd form, concentration, sa-
linity, redox potential and pH of thereceivingwater!™.
Globally, largequantitiesof silver arenot recycled or
recovered, asmost of the methods are not cost effec-
tive, thuscreatingimportant economic, management and
ecological consequences®. Regulations for recom-
mended dlowablesIver dischargelevelsfrom0.1-1.0
mgdm are expected¥.

For decadesthemedical sectorsandfilmindustries
extengvely usehigh quality photographicfilmsand X-
ray filmswhereboth of them depend heavily onsilver.
Nothing hasbeenfoundto equal it asalight sensitive
meaterid capableof forming photogrgphicimagesbecause
of theunique qualitiesof silver. Thecost of silver has
risen considerably in recent yearsmainly dueto price
increaseontheinternationa market compoundedwitha
world of shortageof slver. Fortunately, much of thesil-
ver used by the photographicindustriesand hospita sfor
X-ray machinecan berecovered from the photographic
and X-ray solutionsand reused. Thephotographicwastes
which comprisemainly fixer and bleach solutionscontain
high concentrationsof dissolved siver andthechemicas
such assulfatesand nitrates®. Several waste streams
aregenerated in hospitd radiol ogy departments, suchas
wastewater contai ning photographic chemicals, scrap
filmssuch asthose purged from oldfiles, or chemicals
and silver removed from thefilm generated from poor
photographsduring processing, fixer solutionsand spoiled
chemica §'9. Froman environmentd point of view, the
best way of reducing the undesirablewasteswould beto
reusethemajor part of thefixing solution or to recover
theslver fromthewaste solution**4,

The methods used for silver recovery methods
mainly from thefixing bath have been sharing common
steps. Primarily, the silver was regenerated through
burning waste photosensitivefilms. The produced sil-
ver was covered with alayer of carbon that led to dif-
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ficulty insilver recovery. Syed et a.[® described apro-
cessfor therecovery of silver in processed radiographic
films. Itisbased on heatingthefilmswithan oxaicacid
solution to separate theinorganic component fromthe
polymer substrate, but thetemperature must reach the
boiling point of thesolution. Adani et a.*? used sodium
thiosulfatetodissolvethesiver hdideonthewagtefilms,
but elemental silver cannot be dissolved. Ajiweand
Anyadiegwu*® used concentrated nitricacid to dissolve
slver from X-ray films. The produced nitrogen oxides
arethemgor air pollutants.

Purification of rinsewatersis expedient both for
environmenta reasonsand for therecovery of silver as
precious metal+19, Theliquid wastes, originatefrom
several sources such as photo-processing and X-ray
medica |aboratoriescontainsslver whichexistismainly
asinsolublesiver halide, solubleslver thiosulfate com-
plex, silverion or elementa silver, depending on the
typeand thestage of the process, wherethiselement is
to be recovered21¢, There are many methodsto re-
cover slver from photographi c wastes such ascemen-
tation or metallic replacement, electrolytic recovery,
chemical precipitation, ion exchange combined with or
without preliminary physico-chemical treatment,
bi osorption, membrane processes, crystallization, al-
kaline saponification of film substrate and filtration of
theinsolubleslver and selective sol vent extraction, re-
ductive exchange, adsorption, ozonation, physico-
chemica or biologicd treatment(1016-181,

Electrolysisiscommonly used to recover silver from
photographic wastes®19, Recovery of metals from
aqueous solution of their saltsby electrolysiscan be
realized by two methods. Thefirst method consists of
theelectrolysisof solutionsobtained after leaching of
the corresponding metal from oresor concentrated with
the use of insolubleanodes. The second method con-
sistsof theelectrolytic refining of themetal. Herethe
crude metd to berefined serves asthe anode and the
puremetal isdeposited at the cathode. Thisisabetter
method for noble meta recovery. Internd electrolysis
isaform of electrode deposition without an applied
externa voltagewhileexternd dectrolysisisaform of
electrode deposition with an applied externd voltage™.
Silver isrecovered from used photographicfilmby dis-
solving thesilver with nitric acid, preci pitated with so-
dium chloride and then filtered!*®.. The precipitation
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method would not achievetherequired dischargelevel
athoughit has provided an effectivetechniquefor sil-
ver recovery and al so faced severd other problemssuch
asformation of silver complexesintheeffluent. This
slver complex issometimevery stableand difficult to
be precipitated by the precipitation process*®.
Thereisno information on thegeographic distribu-
tionand environmental effectsof silver dischargesin
Ethiopiaparticularly in Tigray Region. Moreover, upto
our knowledge, thereislittleinformationonretrieving
slver from usedfilmsintheregionin particular andthe
country in genera. Here used photographic and X-ray
wagtefixer solutionsaremanaged cardl esdy. Themain
objective of thisstudy isto develop amethod for the
recovery of silver from photographic and X -ray waste
fixer/spent solutionsand extraction of slver fromthem
from sdected placesin Tigray Region, Ethiopia. By doing
this, in oneway therecovered silver used again while
theenvironment will be protected from pollution of un-
wisedigposa of liquid wastesfrom them.
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METHODOLOGY

Sudy area

The study area, Tigray Region, isthe northern
most National State (Region) of Ethiopiawith esti-
mated surface area of 50,078.64 Km?. Thefollow-
ing townswere sel ected for the collection of spent
fixer solution: Maychew (12°472 N 39°322 E, 2479
m elevation), Mekelle (13°292 N 39°282 E, 2084
m elevation), Wukro (13°472 N 39°362 E, 1972 m
elevation), Adigrat (14°162 N 39°272 E, 2457 m
elevation), Axum (14°72 N 38°442 E, 2131 mel-
evation) and Shire (14°62 N 38°172 E, 1953 mel-
evation) asshownin Figure 1. From all the photo-
graphic printing sectorsand government and private
hospitalsin these areas are having X-ray machines
wastefixer solutionswere collected. A survey inthese
areasvery clearly revea sthat the waste fixer solu-
tioniscompletely poured into drainage channelswith-
out any treatment.

Figurel: Map of thestudy area.

Chemical and appar atus/instruments

All reagentswereanal ytical reagent grade unless
otherwisestated. All plastic and glasswarewerecleaned
by soakingin dilute HNO, (1:9) and rinsed with dis-
tilled water prior to use. Thefollowing chemicalswere
used for theanaysis: sodium sulfide, sodium chloride,
sodium carbonate, nitric acid and hydrochloric acid

whered| wereanalytica gradereagentsfromMerck,
Germany. Theapparatus used for thewhol e procedures
wereoven (“’industrial furnace” Supreme Enterprises,
India make), DC power supply (6 V, 10-20 A) and
ammeter DC (0-25A).

Recovery and analysis of silver
Two methods, achemica and andectrolytic method
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wereattempted for therecovery and andysisof silver
fromwastefixer solution.

Chemical method

Using 1 L spent fixer solution thesilver was pre-
cipitated assilver sulfideby adding 6 to 7 g of sodium
sulfide. The separation of the precipitatefromthelig-
uid wasfacilitated by the addition of cheap electro-
lytes namely sodium chloride and then digesting the
precipitatein an oven at 150 °C for 1 h. After decant-
ing the solution, the precipitate waswashed with dis-
tilled water and kept at high temperature. Then acal-
culated amount of sodium carbonate was mixed thor-
oughly with silver sulfide and heated to about 600 °C
for about 3 h. At the end the mass was ground and
washed with water several timesand collected. The
black residuewas heated in afurnaceto about 1100
°C and pouredinto adie.

Electrolytic method

Thefixer solution (25 L) wastaken in the plastic
bucket tank and a carbon rode anode and a stainless
steel cathode (40 cm x 10 cm) were immersed inthe
bath where care was taken not to make the two elec-
trodesin contact with each other. The e ectrodeswere
connected to the DC power supply by means of appro-
priate connecting wires, switched on and the current was
adjustedto 5A. Thetimewastakenandtheéectrolysis
was continued for about 10 hwith continuous stirring
and then the power supply was switched off. The solu-
tionwasalowed to stand for about 30 minutesfor the
particlesto settle, decanted carefully and the precipitate
was separated. Thed ectrodeswerewashed thoroughly,
removed fromthebath, dried and weighed and recorded
beforedes|vering asfollows: the cathodewasremoved
carefully fromthemounting tank. Thecathodewasplaced
on aclean surface (apolythenesheet or tinfoil) and was
carefully brushed to removeslver plating. The cathode
wasthenre-cleaned with awire brush several timesbe-
forereplacement into the plating solution. Inafurnace
thiswasconverted into bar and estimated by gravimetric
andyss, whereaknown amount of slver piecewasdis-
solvedin nitric acid and then precipitated assilver chlo-
ride by theaddition of hydrochloric acid. Theprecipitate
wasfiltered inasintered crucible, washed, driedinan
ovena 120°C, weighed and theamount of Slver present
inthewholesamplewasca cul ated.
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RESULTSAND DISCUSSION

Inatypica film devel oping operation, fixer solution
iscontinuously added to maintain solution strength. As
aresult, thereisgenerdly an overflow of fixer fromthe
bath. Theconcentration of silver inthe overflow may
vary greatly depending on thetype and amount of film
processed, frequently exceeding 3gL . Becauseof this
high silver concentration, silver recovery fromthefixer
solutionisvery cost effective. Inaddition to thiswhen
thefixer solutionistotaly exhausted; it isdrained out to
drainage channel swhich causesaconcernfor environ-
ment sinceit createswater and soil pollution. Silveris
extremdytoxictofishand other aguaticlife. Evensmal
quantitiesof silver areknown to induce oligodynamic
effect. Thisdeactivatesthe enzyme action and thetoxic
effect isfully developed often only after along time.
Wagterecyclingisdwaysan encouraging and advanta:
geousideaintheglobal level. Therearetwo benefitsin
this concept, namely, therecovery of asubstanceand
the prevention of pollution. Sincesilver isaprecious
metal of exceptionally widerangeof gpplications, re-
covery of silver from spent fixer solutionwill proveto
be not only aprofitablejob but also prevents soil and
water pollutionto agreater extent.

Using the chemical method, about 10 g of silver
sulfidewas obtained per liter of thefrom X-ray waste
fixer solutionwhilefrom col or photographic solutionsit
was about 8 g only. The advantage of thismethod is
that large quantitiesof spent fixer solution need not be
trangported to the working centre from the sampling
centers. Instead of 25 L of fixer solution, only 1 L of
concentrated silver sulfideresidue needsto betrans-
ported. However slver sulfideisredively astablecom-
pound and does not decomposeeven at 1100°C. The
processisvery difficult to extract Slver from silver sul-
fideinasmadl scalelevd. The separation of the precipi-
tate from theliquid wasfacilitated by the addition of
cheap e ectrolytes namey sodium chlorideand sodium
carbonatein presence of heatingto form black residue
of Ag,O asfollows:

Ag,S+NaCO,— 2Ag+Na,S+CO,+(0) (@]
2Ag+(0) >Ag,0¥ @)
Theblack residue contains puresilver and silver ox-
idewheresilver could be obtained by heating black
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residue in afurnace to about 1100 °C and pouring
intoadie.

In caseof eectrolytic method care had been taken
not to make the two electrodesin contact with each
other sincethiswill causeashort circuit which will &f-
fect the power supply. Agisdeposited at the cathode
by thefoll owing reaction:

Ag(S,0,),* +& >Ag,S,0,.> €)

However theformation of such complexesmay cause
serious problemsin theeectrolysisof silver from fixer
solutions. For exampleit has been reported that?? the
maj ority of argento-thiosulfate complexestend to mi-
grate away from the cathode | eading to ashortage of
these complexesat thedectrodesurfacewhichinturn
leadstheformation of silver sulfidé®2U, Thisreaction,
oftentermed ‘sulfiding’, takes place as a result of the
sulfideion produced from the decomposition of thio-
sulfateionsS,0. reactingimmediately with thesilver
ionsinsolutionto depositinsolublesiver sulfideat the
electrode and thuspreventing further el ectrodeposition
of dlver. However, if silverionsarekept at sufficiently
high concentration near the cathode, sulfiding may be
minimized. Thiscan beachieved by vigorousagiteation
of thesolution, i.e., by forced convection near the cath-
odeand deciding the el ectrolysistime carefully!?. In
the dectrolytic method of extraction of silver fromthe
wastefixer solutionisthemost smpleand economical
method. Onetime purchase of power supply isrequired
with minimum power consumption, i.e., therate of 10
V - 5A current capacities, power consumption for the
electrolysisof 25 L of fixer solutionisonly 0.5 KWH.
No additiona chemicd pollutionisinvolved. Theop-
eration is very easy. The silver powder can also be
melted in private shops. Themgor disadvantageisthe
trangportation of large volumes of wastefixer solution.
In photographic and X-ray spent fixer solutions, the
amount of silver dependson the number of fixings (de-
veloping) made, i.e., themorethe number of fixingsis,
themorewill betheamount of slver presentinthefixer
solution. Thequantity of fixer solutionavailableinashop
mainly dependson their business. In X-ray machines
a so theconcentration of silver dependson the number
of timesthe solution isused and the quantity of spent
fixer solution depends on the usage of the machine. So
itisvery difficult to ascertain the quantum of business.
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A longterm statistics may provide an average estima-
tion. However, inthe photographic fixer solution about
2gLtandin X-ray solution, about 3gL* of silver were
recovered.

CONCLUSION

InTigray Region, dmostin al selected centersthe
spent photographic and X -ray fixer solutionsaresim-
ply poured into drainage channel swithout any treat-
ment. The better way to control water and soil pollu-
tionisto highlight the benefits of theextraction of slver
from thesewaste solutions. The choice of themethod
depends on the situation. For owner of photographic
industry, theelectrolytic method isthe suitableone. In
both themethods, the concentration of slver inthespent
solution may be brought down by 3 ppmIevel. Inthe
photographic fixer solution about 2 gL andin X-ray
solution, about 3 gL * of silver wererecovered.
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