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EAssessment of possibility of using sodium liquid 

glass for removal of the most toxic metals: Pb, 

Hg, Cd from contaminated ecosystems 
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)NTRODUCTION
-ETALS฀ARE฀WIDESPREAD฀IN฀NATURE�฀WHERE฀THEY฀OCCUR฀IN฀A฀FORM฀OF฀

ORES�฀AS฀ENERGY฀STATE฀OF฀THEIR฀COMPOUNDS฀IS฀LOWER฀THAN฀THEIR฀ELEMENTAL฀
FORM�฀&OR฀THIS฀REASON�฀METALS฀IN฀AN฀ELEMENTAL฀FORM฀EASILY฀UNDERGO฀COR

ROSION�฀ SO฀ THEY฀RETURN฀ TO฀ LOWER฀ENERGY฀STATE�฀/NLY฀ FEW฀METALS฀ SUCH฀
AS�฀PLATINUM฀ �0T	�฀ GOLD฀ �!U	�฀ SILVER฀ �!G	�฀MERCURY฀ �(G	�฀ COPPER฀ �#U	฀
AND฀SOMETIMES฀ IRON฀&E฀CAN฀OCCUR฀ IN฀AN฀ELEMENTAL฀ FORM�฀4HEIR฀WIDE฀
USE฀CAUSES฀ THAT฀AT฀ THE฀SAME฀TIME฀THEY฀ARE฀ THE฀SOURCE฀OF฀ECOSYSTEM฀
CONTAMINATION�฀SO฀THE฀MOST฀IMPORTANT฀ISSUE฀IS฀THE฀KNOWLEDGE฀OF฀THEIR฀
TOXIC฀PROPERTIES฀;�=฀AND฀THE฀METHOD฀OF฀THEIR฀DISPOSAL฀;�=�

-ETALS฀ IN฀ A฀ FORM฀ OF฀ PURE฀ ELEMENTS฀ ARE฀ RATHER฀ NOT฀ TOXIC฀ AS฀ THEY฀
ARE฀PRACTICALLY฀NOT฀SOLUBLE฀IN฀WATER�฀/NLY฀THEIR฀VAPORS฀CAN฀EASILY฀PENE

TRATE฀HUMAN฀BODY฀THROUGH฀RESPIRATORY฀TRACT฀AND฀SKIN฀THAT฀IS฀WHY฀EASILY฀
EVAPORATING฀MERCURY฀IS฀A฀POISON�

)NORGANIC฀ METAL฀ COMPOUNDS฀ THAT฀ ARE฀ EASILY฀ SOLUBLE฀ AND฀ STRONGLY฀
DISSOCIATING฀ARE฀THE฀MOST฀TOXIC฀AS฀THEY฀EASILY฀PENETRATE฀CELLULAR฀MEM

BRANES฀AND฀PLACENTA฀GETTING฀TO฀ORGANS�฀GLANDS฀AND฀FETUS�฀4HEY฀MAY฀CAUSE฀
PROTEINS฀DENATURATION฀IN฀DILUTE฀SOLUTIONS฀�E�G�฀BLOOD฀PROTEINS�฀WOUNDS฀
PROTEINS฀AND฀MUCOUS฀MEMBRANE	฀AND฀IN฀CONCENTRATED฀SOLUTIONS฀THEY฀
COMBINE฀WITH฀PROTEIN฀AND฀PENETRATE฀AFFECTED฀TISSUE฀EATING฀THEM�฀7HILE฀
EACH฀METAL฀HAS฀AFFINITY฀TO฀CERTAIN฀TISSUES�฀GLAND฀AND฀ORGANS฀;��฀�Ô�=�

"ESIDES�฀THE฀CATIONS฀CAN฀BOND฀WITH฀THIOL฀GROUPS฀s3(฀OR฀CARBOXYLIC฀
GROUPS฀s#//(฀OF฀ENZYMES฀OR฀AMINOACIDS฀CAUSING฀CHANGES฀ IN฀BODY฀
METABOLISM�

!LSO฀THE฀ORGANOMETALLIC฀COMPOUNDS�฀WHICH฀AMONG฀OTHER฀CAUSE฀AL

LERGY฀SYMPTOMS�฀ARE฀TOXIC�

3OME฀OF฀METALS฀ARE฀CARCINOGENIC฀
฀#R�฀.I�฀#O�฀!S�฀(G�฀0B�฀#D฀AS฀
WELL฀AS฀RADIOISOTOPES฀;�=�

-ETALS฀CAN฀CAUSE฀ACUTE฀INTOXICATION�฀WHICH฀CAN฀BE฀NOTICED฀AT฀ONCE�฀
AND฀CHRONIC฀POISONING�฀-ETALS฀ SUCH฀AS฀"I�฀!S�฀:N�฀#D�฀#U�฀(G฀CAUSE฀
ACUTE฀INTOXICATION�฀#HRONIC฀INTOXICATION฀CAN฀BE฀CAUSED฀BY฀METALS฀SUCH฀
AS�฀!S�฀:N�฀#D�฀#R�฀#U�฀(G�฀0B�฀3N�฀#O�฀.I�฀-N�฀3E�฀4L�฀&E฀AND฀!G�฀#HRO

NIC฀INTOXICATIONS฀THAT฀LAST฀FOR฀A฀LONG฀TIME฀IN฀LATENT฀FORM฀ARE฀ESPECIALLY฀
DANGEROUS฀IF฀THEY฀CAUSE฀MUTAGENIC฀CHANGES฀OR฀BRAIN฀DAMAGES�฀4HIS฀ IS฀
FOR฀EXAMPLE฀LEAD฀0B฀AND฀MERCURY฀(G฀INTOXICATION�฀#HRONIC฀INTOXICATIONS฀
ARE฀VERY฀DIFFICULT฀TO฀DIAGNOSE฀AND฀VERY฀OFTEN฀HARD฀TO฀BE฀CURED฀;��฀��฀�=�

,EAD฀0B�฀MERCURY฀(G฀AND฀CADMIUM฀#D฀ARE฀THE฀MOST฀TOXIC฀HEAVY฀
METALS�฀4HESE฀ARE฀STRONGLY฀CARCINOGENIC฀ELEMENTS฀WHICH฀WHEN฀OCCUR

RING฀ IN฀ ENVIRONMENT฀ IN฀ CONCENTRATIONS฀ HIGHER฀ THAN฀ PERMISSIBLE฀ CON

CENTRATION�฀CAUSE฀CANCER�฀"ESIDES�฀MERCURY฀AND฀ LEAD฀DAMAGE฀CENTRAL฀
NERVOUS฀ SYSTEM�฀AND฀CADMIUM฀CAUSES฀HYPERTENSION฀s฀A฀DISEASE฀ THAT฀
���฀OF฀POPULATION฀IN฀CIVILIZED฀COUNTRIES฀SUFFER฀FROM�฀0B�฀#D฀CAUSES฀A฀
HUGE฀DEVASTATION฀IN฀HUMAN฀POPULATION฀;�=�

4HE฀OBJECTIVE฀OF฀THIS฀PAPER฀ IS฀TO฀PRESENT฀PROPERTIES฀OF฀THE฀MOST฀
TOXIC฀METALS�฀THEIR฀APPLICATION฀AND฀INFLUENCE฀ON฀ENVIRONMENT�฀!฀TRIAL฀OF฀
FINDING฀A฀METHOD฀FOR฀REDUCTION฀OF฀0B�฀(G฀AND฀#D฀CONTENT฀IN฀MEDIA฀AND฀
IN฀ENVIRONMENT฀HAS฀BEEN฀UNDERTAKEN�

0ROPERTIES�฀APPLICATION฀AND฀IMPACT฀OF฀0B�฀(G฀AND฀#D฀฀
ON฀ORGANISMS฀AND฀ENVIRONMENT

,EAD฀�0B	฀IS฀SOFT฀GREY฀METAL฀THAT฀DISSOLVES฀IN฀CONCENTRATED฀(./��฀
IN฀(�3/�฀AT฀HIGH฀TEMPERATURE฀AND฀IN฀#(�#//(฀IN฀PRESENCE฀OF฀OXY


GEN�฀AND฀IT฀IS฀NOT฀SOLUBLE฀IN฀WATER�฀)T฀IS฀RESISTANT฀TO฀CORROSION�฀AS฀IN฀THE฀
HUMID฀AIR฀IT฀COVERS฀WITH฀A฀THIN฀LAYER฀OF฀ITS฀HYDROXIDE฀AND฀CARBONATE�

,EAD฀IS฀A฀VERY฀TOXIC฀ELEMENT�฀)T฀IS฀ABSORBED฀BY฀ORGANISM฀THROUGH฀
SKIN฀ AND฀ RESPIRATORY฀ TRACT�฀ )N฀ ORGANISM฀ IT฀ COMBINES฀ WITH฀ THIOL฀ �m3(	฀
GROUPS฀OF฀PROTEINS฀ AS฀WELL฀ AS฀ IT฀ HINDERS฀BONDING฀OF฀ IRON฀ INTO฀HEMO

GLOBIN�฀STOPPING฀SYNTHESIS฀OF฀PROPER฀ENZYMES�฀)T฀DAMAGES฀CENTRAL฀AND฀
PERIPHERAL฀NERVOUS฀SYSTEM฀THE฀GREATER฀WHEN฀THE฀ORGANISM฀IS฀YOUNGER�฀
"ESIDES�฀LEAD฀SIGNIFICANTLY฀SHORTENS฀LIFE฀AND฀IT฀IS฀PROBABLY฀THE฀REASON฀FOR฀
DEATH฀DUE฀TO฀A฀HEART฀DISEASE�฀4ESTS฀CARRIED฀OUT฀ON฀RATS฀SHOWED฀THAT฀LEAD฀
SHORTENS฀THEIR฀LIFE฀BY฀����฀I�E�฀BY฀���฀;�=�

3YMPTOMS฀OF฀LEAD฀INTOXICATION฀ARE�฀EXCESSIVE฀EXCITABILITY�฀AGGRES

SION�฀HEADACHES�฀INSOMNIA�฀LACK฀OF฀INTEREST�฀DETERIORATION฀OF฀MEMORY�฀
PHYSICAL฀AND฀MENTAL฀DISTURBANCES�฀0EOPLE฀INVOLVED฀IN฀PRODUCTION฀OF฀LEAD฀
AND฀ ITS฀ ALLOYS�฀ GOODS฀ MADE฀ OF฀ LEAD฀ SUCH฀ AS฀ BATTERIES�฀ PIPES�฀ BULLETS�฀
PAINTS฀AS฀WELL฀AS฀THOSE�฀WHO฀LIVE฀IN฀A฀VICINITY฀OF฀MOTORWAYS฀�UP฀TO฀���฀
KM	฀ARE฀ESPECIALLY฀EXPOSED฀TO฀0B฀INTOXICATION�฀'ENERALLY�฀THERE฀IS฀A฀COR

RELATION฀BETWEEN฀CONTENT฀OF฀0B฀IN฀THE฀AIR�฀SOIL฀AND฀WATER฀AND฀DEGREE฀OF฀
INDUSTRIALIZATION฀IN฀THAT฀AREA�฀"ESIDES�฀THIS฀IS฀THE฀CONTAMINATION฀OF฀SUCH฀
A฀TYPE฀THAT฀PROPAGATES฀TO฀THE฀ENTIRE฀ECOSYSTEM฀IN฀THE฀%ARTH�฀4HAT฀ IS฀
WHY฀LEAD
FREE฀PETROL฀IS฀MANUFACTURED฀;��฀��Ô��=�

,EAD�฀APART฀FROM฀(G฀AND฀#D�฀IS฀THE฀MOST฀DANGEROUS฀POISON฀THAT฀GETS฀
INTO฀HUMAN฀ENVIRONMENT�฀)T฀IS฀TOXIC฀TO฀ALL฀LIVE฀ORGANISMS�฀&OR฀INSTANCE฀
COLLAPSE฀OF฀2OMAN฀%MPIRE฀IS฀PARTLY฀RELATED฀TO฀CHRONIC฀LEAD฀INTOXICATION฀
DUE฀TO฀USE฀OF฀LEAD฀PIPES฀IN฀AQUEDUCTS�฀!S฀THE฀WATERING฀SYSTEM฀WAS฀USED฀
ONLY฀BY฀RICH฀PEOPLE฀IT฀WAS฀A฀REASON฀OF฀DECIMATION฀OF฀ARISTOCRACY�฀2E

CENTLY฀LEAD฀WAS฀IDENTIFIED฀AS฀THE฀SUBSTANCE฀CONTAMINATING฀ENVIRONMENT฀
DUE฀TO฀ITS฀PRESENCE฀IN฀CAR฀EXHAUST฀GASES�฀4HOUGH฀TOTAL฀INTOXICATION฀OF฀A฀
MAN฀TAKES฀PLACE฀AT฀RELATIVELY฀HIGH฀DOSES฀OF฀LEAD�฀DANGER฀OF฀INTOXICATION฀
INCREASES�฀AS฀LEAD฀TENDS฀TO฀ACCUMULATE฀IN฀HUMAN฀BODY฀;�=�

7E฀HAVE฀TO฀NOTICE฀THAT฀FUEL฀TANKS฀IN฀AIRCRAFTS฀ARE฀CORRODING฀DUE฀TO฀
PRESENCE฀OF฀MICROORGANISMS�฀AS฀FUEL฀FOR฀AIRCRAFTS฀DOES฀NOT฀CONTAIN฀LEAD฀
TETRAETHYL�฀4HE฀CONCLUSION฀IS฀THAT฀0B฀IS฀ALSO฀POISONOUS฀TO฀MICROORGA

NISMS฀;�=�

"ESIDES�฀ LEAD฀ INTOXICATION฀ CAUSES฀ INCREASE฀ OF฀ #A฀ CONCENTRATION฀
IN฀ ORGANISM฀ AND฀ DECREASE฀ OF฀ -G฀ LEVEL�฀ 4HUS฀ DEFICIENCY฀ OF฀ -G฀ IN฀
ORGANISM฀ FAVORS฀ GREATER฀ LEAD฀ INTOXICATION฀ AND฀ THE฀EXCESS฀OF฀ CALCIUM฀
SLIGHTLY฀ CONTROLS฀ 0B฀ INTOXICATION�฀ "Y฀ MORE฀ INTENSIVE฀ SUPPLY฀ WITH฀ -G฀
TOXICITY฀OF฀0B฀CAN฀BE฀REDUCED฀AND฀IT฀FACILITATES฀ELIMINATION฀OF฀0B฀FROM฀
ORGANISM�฀"ESIDES�฀-G��฀IONS฀ALSO฀REDUCE฀EFFECTS฀OF฀HEMOLYSIS฀CAUSED฀
BY฀0B�฀$RINKING฀WATER฀RICH฀ IN฀#A#/�฀CAN฀PROTECT฀ORGANISM฀TO฀SOME฀
EXTENT�฀3TUDIES฀HAVE฀PROVED฀THAT฀DRINKING฀OF฀SUCH฀WATER฀REDUCES฀LEAD฀
DEPOSITION฀IN฀A฀SKELETAL฀SYSTEM฀BY฀UP฀TO฀���฀;�=�

)T฀ IS฀POSSIBLE฀ TO฀ TREAT฀ LEAD฀ INTOXICATION฀AND฀ELIMINATE฀ IT฀ FROM฀THE฀
ORGANISM฀BY฀USE฀OF฀SUBSTANCE฀THAT฀DISSOLVES฀0B฀COMPOUNDS�฀BUT฀THIS฀IS฀
A฀VERY฀DANGEROUS฀TREATMENT฀AND฀ABOUT฀���฀CHILDREN฀WITH฀BRAIN฀DAMAGE฀
TREATED฀WITH฀THAT฀METHOD฀DIE฀;�=�

,EAD฀OCCURS฀MAINLY฀AS฀GALENA฀�0B3	�฀&REE฀METAL฀CAN฀BE฀OBTAINED฀BY฀
ROASTING฀SULFIDE฀ORE฀IN฀AIR฀TILL฀ITS฀COMPLETE฀CONVERSION฀INTO฀OXIDE�฀THEN฀
OXIDE฀IS฀REDUCED฀WITH฀CARBON฀IN฀A฀FURNACE฀SIMILAR฀TO฀BLAST฀FURNACE�฀BUT฀
A฀SMALLER฀ONE�฀

�0B3�S	฀�฀�/��G	฀ ฀�0B/�S	฀�฀�3/��G	
�0B/�S	฀�฀#�S	฀ ฀�0B�C	฀�฀#/��G	
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E 2AW฀LEAD฀CAN฀CONTAIN฀SUCH฀CONTAMINANTS฀LIKE฀ANTIMONY�฀COPPER฀AND฀

SILVER�฀'ENERALLY�฀SILVER฀IS฀RECOVERED฀BY฀EXTRACTION฀WITH฀MELTED฀ZINC�฀)F฀
LEAD฀OF฀HIGH฀PURITY฀IS฀REQUIRED�฀IT฀CAN฀BE฀REFINED฀IN฀AN฀ELECTRO
WINNING฀
PROCESS฀ANALOGICALLY฀TO฀THE฀PROCESS฀USED฀IN฀COPPER฀REFINING�฀0URE฀LEAD฀
IS฀A฀SOFT฀METAL฀OF฀LOW฀MELTING฀POINT฀AND฀ITS฀FRESH฀CROSS
CUT฀HAS฀A฀SLIVER฀
SHINE฀THAT฀QUICKLY฀BECOMES฀MATT฀AFTER฀CONTACT฀WITH฀AIR฀AND฀TAKES฀BLUE

GREY฀COLOR�฀-ATTING฀ IS฀A฀RESULT฀OF฀CREATION฀OF฀THIN฀ LAYER฀OF฀OXIDES฀AND฀
CARBONATES�฀&IRST฀OF฀ALL�฀LEAD฀IS฀USED฀FOR฀LEAD฀BATTERIES฀PRODUCTION�฀AND฀
AS฀THE฀COMPONENT฀OF฀ALLOYS�฀TO฀MAKE฀TYPEFACES฀AND฀FOR฀SOLDERING฀AS฀WELL฀
AS฀TO฀MAKE฀LEAD฀WHITE฀�HYDRATED฀ALKALINE฀LEAD฀CARBONATE	�฀,EAD฀WHITE฀
HAS฀EXCELLENT฀ADHERING฀AND฀COVERING฀PROPERTIES�฀SO฀DESPITE฀ITS฀TOXICITY฀
IT฀IS฀STILL฀WIDELY฀USED฀;�Ô��=�

-ERCURY฀�(G	฀IS฀THE฀ONLY฀LIQUID฀METAL฀IN฀ROOM฀TEMPERATURE�฀4HE฀
SILVERY฀LIQUID฀REACTS฀WITH฀CONCENTRATED฀(./�฀PRODUCING฀(G��./�	�฀IN฀
LOW฀TEMPERATURE฀AND฀IN฀BOILING฀TEMPERATURE฀IT฀PRODUCES฀(G�./�	�฀AND฀
NITROGEN฀OXIDES�฀)T฀ALSO฀REACTS฀WITH฀SULFURIC฀ACID฀�6)	�฀)T฀MAKES฀AMALGAMS฀
WITH฀METALS�฀ESPECIALLY฀FROM฀)฀AND฀))฀GROUP�฀)T฀IS฀A฀VERY฀TOXIC฀METAL฀FOR฀
HUMANS฀s฀IT฀PENETRATES฀ORGANISM฀THROUGH฀A฀SKIN�฀RESPIRATORY฀TRACT฀AND฀
DIGESTIVE฀SYSTEM฀;�=�

#INNABAR฀�(G3	฀IS฀THE฀ONLY฀POPULAR฀MERCURY฀MINERAL�฀FROM฀WHICH฀
FREE฀ELEMENT฀IS฀PRODUCED฀BY฀ROASTING฀IT฀IN฀AIR�

(G3�S	฀�฀/��G	฀ ฀(G฀�฀3/��G	
-ERCURY฀IS฀LIQUID฀IN฀AMBIENT฀TEMPERATURE฀AND฀ITS฀SYMBOL฀EXPRESSES฀

THAT฀ FACT฀AS฀ IT฀COMES฀ FROM฀THE฀,ATIN฀WORD฀HYDRARGYRUM�฀WHAT฀MEANS฀
nLIQUID฀ SILVERo�฀4HE฀ LIQUID฀ IS฀ NOT฀ STRONGLY฀ VOLATILE�฀BUT฀ ITS฀ VAPOR฀ IS฀ EX

TREMELY฀POISONOUS�฀SO฀WE฀HAVE฀TO฀AVOID฀ANY฀LONGER฀CONTACT฀WITH฀LIQUID฀
MERCURY�

,IQUID฀ MERCURY฀ HAS฀ STRONG฀ METALLIC฀ SHINE�฀ BUT฀ IT฀ IS฀ NOT฀ A฀ TYPICAL฀
METAL฀AS฀IT฀HAS฀HIGHER฀ELECTRIC฀RESISTANCE฀IN฀RELATION฀TO฀OTHER฀TRANSITION฀
METALS�฀(OWEVER�฀IN฀SOME฀CASES�฀E�G�฀IN฀PRODUCTION฀OF฀ELECTRIC฀CONTACTS�฀
ITS฀MOBILITY฀IS฀ITS฀BIG฀ADVANTAGE฀THAT฀PREVAILS฀OVER฀ITS฀LOW฀CONDUCTIVITY�฀
"ESIDES�฀DUE฀TO฀ITS฀RESISTANCE฀TO฀OXIDATION฀AND฀ITS฀RELATIVELY฀HIGH฀DENSITY฀
AS฀ WELL฀ AS฀ EVEN฀ DILATATION฀ WITH฀ INCREASE฀ OF฀ TEMPERATURE�฀ MERCURY฀ IS฀
USED฀IN฀THERMOMETERS฀AND฀BAROMETERS฀;��Ô��=�

,IQUID฀MERCURY฀DISSOLVES฀MANY฀METALS฀ESPECIALLY฀SOFTER฀ONES฀ LIKE฀
COPPER�฀SILVER�฀GOLD฀AND฀ALKALI฀ELEMENTS�฀&ORMED฀ALLOYS฀ARE฀CALLED฀AMAL

GAMS�฀2EDUCED฀ACTIVITY฀OF฀THE฀METAL฀DISSOLVED฀IN฀MERCURY฀IS฀THEIR฀CHARA

CTERISTIC฀FEATURE�฀&OR฀EXAMPLE�฀ACTIVITY฀OF฀SODIUM฀IN฀SODIUM฀AMALGAM฀
IS฀SO฀ LOW�฀ THAT฀ IT฀CAN฀BE฀STORED฀ IN฀WATER฀AND฀WE฀OBSERVE฀ONLY฀SLIGHT฀
GENERATION฀OF฀HYDROGEN�

/N฀CATHODE฀.A�฀REDUCES฀TO฀.A��฀WHICH฀DISSOLVES฀IN฀MERCURY฀PRO

DUCING฀SODIUM฀AMALGAM�฀4HE฀PRODUCED฀AMALGAM฀IS฀POURED฀THROUGH฀A฀
SIPHON฀TO฀IRON฀VESSEL฀CONTAINING฀WATER�฀2ELEASE฀OF฀HYDROGEN฀ON฀THE฀IRON฀
SURFACE฀IS฀SPONTANEOUS�฀UNLIKE฀IN฀THE฀CASE฀OF฀MERCURY�฀SO฀SODIUM฀AMAL

GAM฀REACTS฀QUICKLY฀WITH฀WATER฀PRODUCING฀.A/(฀AS฀WATER฀SOLUTION฀AND฀
REGENERATED฀MERCURY�฀"ASICALLY�฀ THERE฀ IS฀ NO฀MERCURY฀ LOSS�฀(OWEVER�฀
IN฀ MANY฀ CASES฀ WASTE฀ MERCURY฀ WAS฀ WASHED฀ OUT฀ AND฀ WAS฀ CUMULATED฀
IN฀RIVERS฀AND฀ LAKES฀BOTTOMS�฀ )F฀WE฀DONoT฀UNDERTAKE฀ANY฀MEASURES฀ TO฀
REMOVE฀MERCURY�฀ ANAEROBIC฀BACTERIA฀PRESENT฀ IN฀ A฀MUD�฀WILL฀ START฀ TO฀
CONSUME฀MERCURY฀PRODUCING฀DIMETHYL�฀MERCURY฀THAT฀ IS฀CONSUMED฀IN฀
A฀FOOD฀CHAIN�฀$IATOMS�฀HAVING฀MERCURY฀COMPOUNDS฀ADSORBED฀ON฀THEIR฀
SURFACES฀ARE฀EATEN฀BY฀HIGHER฀ORGANISMS฀AND฀THESE฀ARE฀FOOD฀FOR฀FISH฀AND฀
FISH฀IS฀EATEN฀BY฀MEN฀AND฀THIS฀IS฀THE฀END฀OF฀FOOD฀CHAIN�฀#ONCENTRATION฀OF฀
MERCURY฀INCREASES฀AT฀EACH฀STAGE฀OF฀FOOD฀CHAIN฀;�Ô�=�

/THER฀ SOURCES฀ OF฀ CONTAMINATION฀ WITH฀ MERCURY฀ ARE฀ THE฀ FOLLOW

ING�฀ PULP฀ AND฀ PAPER฀ INDUSTRY�฀ LAUNDRIES�฀ SEED฀ TREATMENT฀ IN฀ AGRICUL

TURE�฀ COAL฀ BURNING�฀ )N฀ THE฀ PAPER฀ INDUSTRY฀ PHENYLMERCURIC฀ ACETATE฀฀
#�(�(G/#/#(�฀IS฀USED฀IN฀A฀PRODUCTION฀CYCLE�฀)N฀THE฀53!฀THE฀METHOD฀
WAS฀ABANDONED฀DUE฀TO฀THE฀GOVERNMENT฀DECREE฀THAT฀BANS฀USING฀OF฀PHEN

YLMERCURIC฀ACETATE฀IN฀PRODUCTION฀OF฀PAPER฀WHICH฀MAY฀HAVE฀A฀CONTACT฀
WITH฀FOOD�฀)F฀SAFE฀USE฀OF฀PAPER฀CANNOT฀BE฀GUARANTEED�฀THEN฀PHENYLMER

CURIC฀ ACETATE฀ CANNOT฀BE฀USED�฀,AUNDRIES�฀ ESPECIALLY฀ THOSE฀ THAT฀ CLEAN฀
LINEN฀GOODS฀SOMETIMES฀USE฀PHENYLMERCURIC฀ACETATE฀IN฀MANGLING�฀4REAT

MENT฀OF฀SEED฀WITH฀MERCURY�฀DESPITE฀THE฀TRADE฀BAN฀IN฀THE฀53!�฀IS฀STILL฀

USED�฀WHICH฀WAS฀THE฀REASON฀OF฀A฀TRAGEDY�฀)N฀SOME฀CASES฀THE฀SEED�฀PRE

PARED฀FOR฀SEEDING฀BY฀TREATING฀IT฀WITH฀MERCURY�฀WAS฀COLORED฀IN฀RED฀TO฀IN

FORM฀ABOUT฀DANGER฀IN฀THE฀CASE฀OF฀CONSUMPTION�฀3EED฀WAS฀THEN฀WASHED฀
TO฀REMOVE฀THE฀DYE฀AND฀USED฀TO฀FEED฀ANIMALS฀AND฀IN฀THE฀CONSEQUENCE฀
TO฀FEED฀PEOPLE฀WITH฀A฀MEAT฀POISONED฀WITH฀MERCURY฀FROM฀ANIMALS฀THAT฀
WERE฀ILL฀AND฀WERE฀QUICKLY฀SENT฀TO฀A฀SLAUGHTERHOUSE฀;��฀��฀�=�

#OAL฀ CONTAINS฀ ABOUT฀ �฀ PPM฀ (G�฀ "URNING฀ OF฀ COAL฀ IN฀ THE฀ WORLD฀ IS฀
KEPT฀ON฀THE฀LEVEL฀OF฀ABOUT฀�·���฀T�YEAR�฀WHICH฀MEANS฀ABOUT฀����฀4฀(G฀
EMITTED฀TO฀ATMOSPHERE�฀4HAT฀AIRBORNE฀POLLUTANT฀EXPLAINS฀WHY฀FISH฀LIVING฀
IN฀ CLOSED฀ MOUNTAIN฀ LAKES฀ SOMETIMES฀ SHOW฀ SURPRISINGLY฀ HIGH฀ CONTENT฀
OF฀(G�฀&ISH฀EXCRETES฀MERCURY฀VERY฀SLOWLY�฀(ALF
LIFE฀OF฀MERCURY฀IN฀FISH฀
PLACED฀IN฀FRESH฀WATER฀IS฀ABOUT฀���฀DAYS�฀WHILE฀IN฀THE฀CASE฀HUMANS฀IT฀IS฀
ABOUT฀��฀DAYS�

!LTHOUGH฀THE฀NATURE฀TRIED฀TO฀HIDE฀MERCURY฀IN฀A฀FORM฀OF฀PRACTICALLY฀
NOT฀SOLUBLE฀(G3�฀A฀MAN฀OPENED฀A฀TIN฀OF฀MISFORTUNES฀BY฀SEPARATION฀OF฀THE฀
METAL฀AND฀ALSO฀BY฀BURNING฀FOSSIL฀FUELS�฀.OT฀FAR฀AGO฀THERE฀WAS฀A฀THEORY฀
THAT฀ELEMENTAL฀MERCURY฀IS฀RATHER฀NEUTRAL฀AND฀FINALLY฀IT฀TRANSFORMS฀INTO฀
NOT฀SOLUBLE฀SULFIDE฀THAT฀MAKES฀NO฀HARM�฀(OWEVER�฀NOW฀WE฀KNOW฀THAT฀
RISK฀OF฀CONTAMINATION฀OF฀ENVIRONMENT฀BY฀MERCURY฀IS฀HIGH�

-ETALLIC฀MERCURY฀IS฀NOT฀VERY฀TOXIC�฀(OWEVER฀VAPOR฀OF฀MERCURY฀IS฀
DANGEROUS�฀ESPECIALLY฀AFTER฀LONG฀EXPOSITION�฀9ELLOW฀SULFUR฀THAT฀CAN฀BE฀
FOUND฀SPREAD฀IN฀LABORATORIES�฀WHERE฀MERCURY฀IS฀SPILLED�฀GIVES฀A฀CHANCE฀
TO฀TRANSFORM฀MERCURY฀INTO฀(G3฀AND฀THUS฀IT฀PROTECTS฀AGAINST฀ACCUMULA

TION฀OF฀EVEN฀SMALL฀AMOUNT฀OF฀MERCURY฀VAPOR�

)NORGANIC฀ MERCURY฀ COMPOUNDS�฀ AFTER฀ DISSOLVING฀ ARE฀ MODERATELY฀
TOXIC�฀ &OR฀ EXAMPLE�฀ MERCURY฀ CHLORIDE฀ �))	�฀ WHEN฀ SWALLOWED�฀ CAUSES฀
INJURIES฀ TO฀DIGESTIVE฀SYSTEM฀AND฀KIDNEYS�฀/RGANIC฀COMPOUNDS�฀ESPE

CIALLY฀MERCURY฀DIMETHYL฀ �#(�	�(G�฀ARE฀ESPECIALLY฀ TOXIC฀AND฀ THEIR฀USE฀
AS฀FUNGICIDES�฀AS฀ANTI
MUCUS฀AGENTS�฀FOR฀CONTROLLING฀MEALWORMS฀AND฀IN฀
ANTIBACTERIAL฀SPRAYS฀MAKES฀HAZARD฀TO฀THE฀ENVIRONMENT�

7ELL฀ KNOWN฀ CASE฀ OF฀ POLLUTION฀ OF฀ ENVIRONMENT฀ BY฀ MERCURY฀ TOOK฀
PLACE฀IN฀*APAN฀AND฀IT฀WAS฀IDENTIFIED฀AS฀-INAMATA฀DISEASE�฀-INAMATA฀IS฀
SMALL฀FISHING฀VILLAGE฀ON฀3OUTH
7EST฀COAST฀OF฀+IUSIN�฀)N฀����฀A฀STRANGE฀
DISEASE฀APPEARED฀THERE฀WITH฀SYMPTOMS฀OF฀PROGRESSING฀PAIN฀IN฀ARMS฀AND฀
FACE�฀NIGHT
BLINDNESS�฀DIZZINESS�฀EQUILIBRIUM฀DISTURBANCE฀AND฀NERVOUS฀
BREAKDOWN�฀LEADING฀FINALLY฀TO฀DEATH�฀3PECIALISTS฀LINKED฀THESE฀SYMPTOMS฀
WITH฀CONSUMPTIONS฀OF฀FISH฀AND฀AFTER฀ANALYZING฀BOTTOM฀SEDIMENTS฀IN฀THE฀
PORT฀THEY฀CONNECTED฀THAT฀FACT฀WITH฀NEIGHBOR฀FACTORY฀WHERE฀(G#L�฀WAS฀
USED฀AS฀THE฀CATALYST฀FOR฀PRODUCTION฀OF฀POLYVINYL฀CHLORIDE฀s฀COMMONLY฀
USED฀PLASTIC�฀)T฀WAS฀CONCLUDED฀THAT฀MERCURY฀DIMETHYL฀�#(�	�(G�฀PRO

DUCED฀IN฀THE฀RESULT฀OF฀BACTERIA฀ACTION฀ON฀WASTE฀SLURRIES฀CONTAINING฀MER

CURY�฀ACCUMULATED฀IN฀FISH฀TISSUES�฀WAS฀THE฀REASON฀OF฀THAT฀DISEASE฀;�=�

7HAT฀ARE฀THE฀SOURCES฀OF฀MAJORITY฀OF฀MERCURY฀POLLUTION฀CAUSED฀BY฀
PEOPLE�฀)T฀IS฀DIFFICULT฀TO฀ANSWER฀THE฀QUESTION฀AS฀ALL฀DEPENDS฀ON฀AMOUNT฀
OF฀MERCURY฀AND฀ON฀THE฀METHOD฀OF฀HANDLING฀WITH฀IT฀AS฀WELL฀AS฀THE฀METHOD฀
OF฀ITS฀PENETRATION฀TO฀THE฀ENVIRONMENT�฀#HLORINE฀INDUSTRY฀IN฀THE฀53!฀IS฀
THE฀BIGGEST฀MERCURY฀CONSUMER�฀IT฀USES฀MERCURY฀CATHODES฀IN฀THE฀PRO

CESS฀ OF฀ ELECTROCHEMICAL฀ DECOMPOSITION฀ OF฀ SODIUM฀ CHLORIDE฀ IN฀ WATER฀
SOLUTION฀;�=�

#ADMIUM฀�#D	฀IS฀A฀SOFT฀METAL฀OF฀SILVERY฀WHITE฀COLOR฀AND฀IT฀IS฀RESIS

TANT฀TO฀ACTION฀OF฀AIR฀�IT฀COVERS฀WITH฀A฀PROTECTIVE฀LAYER฀OF฀ITS฀OXIDE	�฀IT฀
HAS฀LOWER฀ELECTRIC฀CONDUCTIVITY฀THAN฀ZINC�฀7HEN฀WARMED฀UP฀TO฀BOILING฀
TEMPERATURE�฀IT฀BURNS฀PRODUCING฀YELLOW
BROWN฀VAPORS฀OF฀#D/�฀)T฀EASILY฀
REACTS฀WITH฀ACIDS�฀)T฀IS฀EXTREMELY฀TOXIC฀AND฀CARCINOGENIC�฀IT฀DEACTIVATES฀
ENZYMES฀BONDING฀WITH฀ THIOL฀ �s฀3(	฀GROUPS฀AND฀CAUSING฀DEVASTATIONS฀
IN฀ORGANISM฀I�E�฀DECALCIFICATION฀AND฀DEFORMATION฀OF฀BONES�฀MUSCLES฀AT

ROPHY฀�)TAI
ITAI฀
฀OUCH
OUCH฀DISEASE	�฀LOSS฀OF฀SMELL฀�฀ IMPOTENCE�฀BLOOD฀
HYPERTENSION฀AND฀CANCER�฀ESPECIALLY฀OF฀THE฀REPRODUCTIVE฀GLANDS�฀)T฀AP

PEARS฀IN฀URINE฀JUST฀AFTER฀INJURY฀TO฀KIDNEYS฀E�G�฀A฀WEEK฀AFTER฀INTOXICATION฀
I�E�฀FROM฀THE฀MOMENT฀OF฀ITS฀INTRODUCTION฀TO฀ORGANISM�฀4OGETHER฀WITH฀
KIDNEYS฀INJURY�฀CONCENTRATION฀OF฀#D฀IN฀URINE฀INCREASES฀;�=�

3YMPTOMS฀ OF฀ CADMIUM฀ INTOXICATION฀ CAN฀ APPEAR฀ AFTER฀ FEW฀ YEARS�฀
4HEY฀ ARE฀ AS฀ FOLLOWS�฀ XEROSTOMIA�฀ SORE฀ THROAT�฀ PAIN฀ AND฀ PRESSURE฀ IN฀
CHEST�฀SHORTNESS฀OF฀BREATH�฀CYANOSIS�฀CIRCULATORY฀AND฀RESPIRATORY฀FAILURE�฀
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SOMETIMES฀NAUSEA�฀VOMITING฀AND฀HEADACHE�฀#ADMIUM฀INTOXICATION฀ IS฀
SIMILAR฀TO฀INTOXICATION฀WITH฀NITROGEN฀OXIDES�

#ADMIUM฀PENETRATES฀ORGANISM฀THROUGH฀THE฀RESPIRATORY฀TRACT฀AND฀
DIGESTIVE฀ SYSTEM�฀ )NTOXICATION฀ TROUGH฀ THE฀ DIGESTIVE฀ SYSTEM฀ IS฀ OFTEN฀
CAUSED฀BY฀EATING฀FOOD฀FROM฀A฀FREEZER฀HAVING฀WALLS฀COVERED฀WITH฀CAD

MIUM�฀ )N฀ STOMACH฀ #D฀ REACTS฀ WITH฀ HYDROCHLORIC฀ ACID฀ OF฀ GASTRIC฀ JUICE฀
GIVING฀#D#L��฀

#D��฀�฀�(#L฀ ฀#D#L�฀�฀�(�

#ADMIUM฀CHLORINE฀CAUSES฀ACUTE฀INFLAMMATION฀OF฀DIGESTIVE฀SYSTEM฀
AND฀NECROSIS฀OF฀MUCOUS฀MEMBRANE฀;�=�

#ADMIUM฀ HAS฀ THE฀ PROPERTIES฀ SIMILAR฀ TO฀ ZINC�฀ SO฀ BOTH฀ ELEMENTS฀
GENERALLY฀OCCUR฀TOGETHER�฀&LYING฀ASHES฀FROM฀PURIFICATION฀OF฀ZINC฀TROUGH฀
DISTILLATION฀ARE฀THE฀MAIN฀SOURCE฀OF฀CADMIUM�฀#ADMIUM฀IS฀MORE฀VOLATILE฀
THAN฀ZINC฀AND฀IT฀EVAPORATES฀BEFORE฀ZINC฀AND฀ACCUMULATES฀IN฀FIRST฀FRAC

TIONS฀OF฀DISTILLATE�฀#OVERING฀OF฀OTHER฀METALS฀E�G�฀STEEL�฀BY฀ITS฀THIN฀LAYER฀IS฀
THE฀MAIN฀INDUSTRIAL฀USE฀OF฀CADMIUM�฀)T฀MAKES฀ESPECIALLY฀GOOD฀PROTECTIVE฀
COATING฀IN฀ALKALINE฀ENVIRONMENT�฀AS฀UNLIKE฀ZINC฀IT฀IS฀NOT฀AMPHOTERIC฀ELE

MENT฀AND฀IT฀DOES฀NOT฀DISSOLVES฀IN฀ALKALIS�฀/THER฀IMPORTANT฀APPLICATION฀
OF฀CADMIUM฀IS฀PRODUCTION฀OF฀FUSIBLE฀ALLOYS฀LIKE฀7OODoS฀METAL฀�MELTING฀
POINT฀���#	�฀USED฀ IN฀ FIRE฀SPRINKLE฀SYSTEMS฀ IN฀BUILDINGS฀AS฀ FIRE
MELTED฀
VALVE฀ELEMENT฀;��Ô��=�

4HOUGH฀CADMIUM฀IS฀RELATIVELY฀RARE฀ELEMENT�฀IT฀IS฀NUMBERED฀AMONG฀
THE฀SUBSTANCES฀THAT฀SIGNIFICANTLY฀POLLUTE฀ENVIRONMENT�฀4HE฀MOST฀KNOWN฀
CASE฀OF฀CADMIUM฀POLLUTION฀WAS฀IN฀*APAN฀CALLED฀THE฀)TAI
ITAI฀�OUCH
OUCH	฀
DISEASE�฀4HE฀SYMPTOMS฀ARE�฀PAIN฀IN฀BONES฀AND฀JOINTS�฀WADDLE฀CAUSED฀
BY฀DEFORMATION฀OF฀BONES฀s฀IN฀LATER฀STAGES฀OF฀DISEASE฀BONES฀ARE฀PRONE฀TO฀
COMPLICATED฀BREAKS�฀#ONTAMINATION฀OF฀WATER�฀FOOD฀AND฀AIR฀WITH฀CADMI

UM฀CAUSES฀POLLUTION฀OF฀NATURAL฀HUMAN฀HABITAT�฀#ADMIUM฀ACCUMULATES฀
IN฀LIVER฀AND฀KIDNEYS฀AND฀SIGNIFICANTLY฀DEACTIVATES฀ENZYMES฀THAT฀CONTAIN฀
SULFUR�฀%XCRETION฀WITH฀URINE฀AND฀THROUGH฀THE฀DIGESTIVE฀SYSTEM฀IS฀VERY฀
SLOW�฀WHICH฀MEANS฀THAT฀CADMIUM฀IS฀VERY฀DANGEROUS�฀2ECENTLY฀CIGARETTE฀
SMOKE฀HAS฀BEEN฀CONSIDERED฀AS฀THE฀SOURCE฀OF฀CADMIUM฀THAT฀IS฀HARMFUL฀
BOTH฀TO฀SMOKER฀AND฀TO฀NONSMOKERS�฀(IGH฀BLOOD฀PRESSURE฀AS฀WELL฀AS฀
CHRONIC฀DISEASES฀LIKE฀BRONCHITIS�฀EMPHYSEMA�฀CAN฀BE฀LINKED฀WITH฀A฀LONG

LASTING฀INTOXICATION฀WITH฀SMALL฀DOSES฀OF฀CADMIUM฀;��฀��Ô��=�

)NFORMATION฀ABOUT฀ACTION฀OF฀SODIUM฀SILICATES฀WITH฀ INORGANIC฀ELEC

TROLYTES฀

)N฀THE฀LITERATURE฀THERE฀ARE฀NOT฀MANY฀STUDIES฀DEVOTED฀TO฀THE฀CONDI

TIONS฀OF฀GENERATION฀AND฀PROPERTIES฀OF฀SILICATES฀OF฀METAL฀CATIONS�฀&IRST฀
MENTIONS฀CAN฀BE฀FOUND฀IN฀THE฀WORK฀OF฀&UNKA฀AND฀4HILO฀;��=฀AND฀THEY฀
CONCERN฀PRODUCTION฀OF฀FLOCKY�฀AMORPHOUS฀PRECIPITATE฀#A�(�3I/�	�฀PRO

DUCED฀IN฀THE฀RESULT฀OF฀REACTION฀OF฀���฀MOL�DM�฀.A(�3I/�฀SOLUTION฀WITH฀
CALCIUM฀CHLORIDE฀SOLUTION�

/N฀THE฀BASIS฀OF฀RESULT฀OF฀STUDIES฀ON฀PRODUCTION฀OF฀SILVER฀SILICATES฀IT฀
WAS฀SHOWN฀;��=฀THAT฀IN฀DILUTED฀SOLUTIONS฀OF฀SILICATES฀THE฀PRECIPITATES฀ARE฀
PRODUCED�฀IN฀WHICH฀THE฀SILICATE฀IS฀THE฀MONOMER฀�(�3I/�

�
	�฀!T฀HIGHER฀
CONCENTRATIONS฀OF฀SILICATES�฀SILICATE฀POLYANIONS฀APPEAR�฀)NCREASE฀OF฀POLY

ANIONS฀CONCENTRATION�฀IN฀THE฀RESULT฀OF฀CONDENSATION฀REACTION�฀INITIATED฀
BY฀ADDITION฀OF฀SALT฀;���฀��=�฀LEADS฀TO฀PRECIPITATION฀OF฀SEDIMENTS฀�SILVER฀
OR฀CALCIUM฀SILICATES	�฀(OWEVER�฀IN฀THOSE฀SEDIMENTS฀WE฀CANNOT฀FIND฀ANY฀
POLYANIONS฀ AND฀ THAT฀ MAKES฀ DETERMINATION฀ OF฀ CHARACTER฀ OF฀ pSILICATE฀ 
฀
#A���฀!G��q฀BOND฀IMPOSSIBLE�

)N฀THE฀RESULT฀OF฀FURTHER฀STUDIES�฀ESPECIALLY฀WITH฀USE฀OF฀SPECTROSCOPIC฀

METHODS�฀AMONG฀OTHERS�฀��3I฀.-2฀SPECTROSCOPY�฀IT฀WAS฀FOUND฀THAT฀IN฀
DETERMINATION฀OF฀REACTION฀OF฀SILICATES฀WITH฀METAL฀CATIONS�฀MOLAR฀WEIGHT฀
OF฀CATIONS฀SHOULD฀BE฀TAKEN฀INTO฀CONSIDERATION�฀)T฀WAS฀FOUND฀THAT฀POSSI

BILITY฀OF฀CREATION฀OF฀PAIR฀pSILICATE฀s฀-��q฀REDUCES฀TOGETHER฀WITH฀INCREASE฀
OF฀MOLAR฀WEIGHT฀OF฀-��฀ION�฀3ILICATE฀CONDENSATION�฀CAUSED฀BY฀WEAKENING฀
OF฀ELECTROSTATIC฀REPULSION฀BETWEEN฀ANIONS�฀IN฀TURN�฀FAVORS฀THE฀GROUPING฀
IN฀PAIRS฀OF฀ALKALI฀METAL฀CATIONS�฀WHICH฀HINDER฀FORMATION฀OF฀SILICATES฀
IN฀THE฀ORDER฀SEQUENCE฀FROM฀.A฀TO฀#S฀;���฀��=�฀

!LSO฀THE฀DIFFERENT฀IMPACT฀OF฀CATIONS฀AND฀ANIONS฀ON฀CHANGES฀OF฀DE

POLYMERIZATION฀RATE฀OF฀SILICATE฀POLYANIONS�฀WAS฀REVEALED�฀3O�฀REDUCTION฀
OF฀THE฀RATE฀OF฀THE฀PROCESS฀TAKES฀PLACE฀AT฀INCREASED฀CATION฀ACTIVITY฀IN฀THE฀
FOLLOWING฀ORDER�

.A���฀+���฀-N���฀-G���฀#A���฀3R���฀:N���฀.I���฀#E���฀#U���฀#HLO

RIDES฀OF฀MENTIONED฀METALS฀WERE฀USED฀AS฀SALTS฀;��=�

/N฀ THE฀BASIS฀OF฀ ANALYSIS฀OF฀ INTERACTION฀OF฀DIFFERENT฀ SILICATE฀ FORMS฀
AND฀SELECTED฀TETRAVALENT฀AND฀TRIVALENT฀IONS฀E�G�฀!L���฀"���฀:R���฀4I���฀IT฀
WAS฀SUGGESTED฀TO฀USE฀SILICATE฀WATER฀SOLUTION฀IN฀ANTICORROSIVE฀PROTEC

TION฀;��=�

0RESENT฀STUDIES฀ON฀INTERACTIONS฀OF฀LIQUID฀GLASSES฀AND฀SELECTED฀INOR

GANIC฀ELECTROLYTES฀ENABLED฀CONCLUDING฀THAT฀INTRODUCTION฀OF฀METAL฀IONS฀
OR฀DIFFERENT฀ELECTROLYTES฀TO฀LIQUID฀GLASSES฀SOLUTION฀CAUSES฀SERIES฀OF฀REAC

TIONS฀THAT฀CHANGE฀PROPERTIES฀AND฀SOMETIMES฀THE฀STRUCTURE฀OF฀SILICATE฀
SOLUTIONS฀;���฀��Ô��=�

)N฀THE฀LAST฀PROJECTS฀OF฀THE฀AUTHOR�฀ATTENTION฀WAS฀PAID฀TO฀THE฀SYSTEMS฀
pSODIUM฀LIQUID฀GLASS฀s฀SELECTED฀SALTSq฀OF฀AMONG฀OTHERS฀ELEMENTS฀OF฀))฀
GROUP฀ AND฀ IRON฀ �))�฀ )))	฀ ;��Ô��=�฀ 4HERE฀ ARE฀ NO฀ AT฀ ALL฀ ANY฀ STUDIES฀ ON฀
TRANSITION฀ELEMENTS�

4HE฀ FIRST฀ TRIALS฀OF฀ STUDIES฀ON฀ THAT฀ ;���฀��=฀ INDICATE฀ THE฀NECESSITY฀
OF฀CONTINUATION฀OF฀ SUCH฀STUDIES�฀AS฀ IN฀ SPITE฀OF฀ INSUFFICIENT฀KNOWLEDGE฀
ABOUT฀FORMATION฀OF฀SILICATES฀OF฀DIFFERENT฀METALS�฀IT฀IS฀MOST฀PROBABLE฀THAT฀
FURTHER฀RESEARCH฀WORK฀ON฀INTERACTIONS฀BETWEEN฀LIQUID฀GLASSES฀AND฀SALTS฀
OF฀SELECTED฀METALS฀WILL฀GIVE฀A฀CHANCE฀TO฀USE฀THEM฀IN฀NEW฀BRANCHES฀OF฀
INDUSTRY฀E�G�฀IN฀TREATMENT฀OF฀INDUSTRIAL฀AND฀MUNICIPAL฀WASTES�

%XPERIMENTAL฀PART
3ODIUM฀ LIQUID฀ GLASSES�฀ MANUFACTURED฀ BY฀ 3WEDISH฀ FACTORY฀ %KA


#HEMICALS฀ IN฀"OHUS฀$IV฀0+฀3EKTOR฀#3�฀OF฀THE฀CHEMICAL฀COMPOSITION฀
GIVEN฀IN฀4ABLE฀��฀WERE฀USED�

-ANUFACTURED฀CONCENTRATED฀SOLUTIONS฀WERE฀USED฀IN฀TESTS�฀4HE฀FOL

LOWING฀NITRATES฀WERE฀SELECTED�฀0B�./�	��฀(G�./�	�฀AND฀#D�./�	��฀AS฀
THEY฀HAVE฀GOOD฀SOLUBILITY�฀4HEY฀ARE฀LISTED฀IN฀4ABLE฀��฀

4ABLE฀�

3ALTS฀SELECTED฀FOR฀THE฀STUDY

3ALT
-�

G�MOL
!MOUNT฀฀
OF฀SALT�฀G

#ONCENTRATION�฀฀
MMOL�DM�฀SALT฀�CATION	

0B�./�	� ������ ���� ��
(G�./�	�·(�/ ������ ���� ��
#D�./�	�·(�/ ������ ���� ��

4HE฀FOLLOWING฀SYSTEMS฀WERE฀USED�
• SODIUM฀LIQUID฀GLASS฀
฀0B�./�	�

4ABLE฀�

#HEMICAL฀COMPOSITION฀AND฀FORMULAS฀OF฀STUDIED฀WATER฀GLASSES

4YPE฀OF฀WATER฀GLASS
#ONCENTRATION�฀฀

�WT฀.A�/
#ONCENTRATION�฀฀

�WT฀3I/�

3ILICATE฀MODULUS�฀-K &ORMULA฀OF฀SILICATE฀.A�/·-K3I/�

� ��� ���� ����� .A�/·�����฀3I/�

� ��� ��� ������ .A�/·������฀3I/�

� ��� ���� ����� .A�/·�����฀3I/�

� ��� ���� ����� .A�/·�����฀3I/�

� ��� ���� ����� .A�/·�����฀3I/�

� ��� ���� ����� .A�/·�����฀3I/�

� ��� ���� ����� .A�/·�����฀3I/�
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฀(G�./�	�

• SODIUM฀LIQUID฀GLASS฀
฀#D�./�	��

4URBIDIMETRIC฀METHOD฀;��฀��Ô��=฀SEEMS฀TO฀BE฀THE฀BEST฀METHOD฀FOR฀
TESTING฀PHYSICOCHEMICAL฀PROPERTIES฀AND฀THE฀STRUCTURE฀OF฀LIQUID฀GLASSES฀
AND฀THEIR฀WATER฀SOLUTIONS฀AS฀WELL฀AS฀THE฀SYSTEMS฀CONTAINING฀SILICATES฀OF฀
ALKALI฀METALS;��Ô���฀��Ô��=฀AND฀THAT฀METHOD฀WAS฀SELECTED฀FOR฀TEST

ING฀FROM฀MANY฀OTHER฀METHODS฀THAT฀ARE฀USED�฀4HE฀METHOD฀CONSISTS฀IN฀
OBTAINING฀SOLUBLE�฀COLLOIDAL฀SILICATE฀OF฀TESTED฀SUBSTANCE฀PRODUCED฀IN฀THE฀
REACTION฀OF฀SOLUBLE฀SILICATE฀FORM฀WITH฀THE฀TESTED฀SALT฀AND฀IN฀MEASURING฀
INTENSITY฀OF฀SCATTERED฀LIGHT฀PASSING฀THROUGH฀OBTAINED฀SILICATE฀OF฀TESTED฀
SALT�฀ !BILITY฀ OF฀ SILICATE฀ FORMATION฀ OF฀ TESTED฀ SALT฀ AND฀ THE฀ CHARACTER฀ OF฀
CHANGES฀IN฀INTENSITY฀OF฀SCATTERED฀LIGHT฀DEPEND฀ON฀COMPOSITION฀OF฀SILI

CATE฀SOLUTION฀AND฀-K�฀0RESENCE฀OF฀IMPURITIES฀I�E�฀FOREIGN฀IONS฀ADDED฀IN฀
THE฀TECHNOLOGICAL฀PROCESS฀OF฀LIQUID฀GLASS฀PRODUCTION฀HAS฀A฀GREAT฀IMPACT฀
ON฀ THE฀REACTION�฀4HE฀METHOD฀ IS฀BASED฀ON฀MEASUREMENT฀OF฀ TURBIDITY฀
OF฀TESTED฀SYSTEM฀IN฀A฀FUNCTION฀OF฀TIME�฀4URBIDITY฀OF฀E�G�฀LIQUID฀GLASS฀IS฀
DIRECTLY฀ASSOCIATED฀WITH฀LIGHT฀SCATTERING฀THEORY�฀4HIS฀OPTICAL฀PROPERTY฀
DEFINED฀AS฀TURBIDITY฀IS฀AN฀INTERACTION฀BETWEEN฀LIGHT฀INTENSITY฀AND฀PAR

TICLES฀SUSPENDED฀IN฀A฀SOLUTION�

$ESCRIPTION฀OF฀MEASUREMENTS
4O฀���฀CM�฀OF฀DISTILLED฀WATER฀���฀CM�฀LIQUID฀GLASS฀WAS฀ADDED฀AND฀THE฀

MIXTURE฀WAS฀STIRRED฀FOR฀�฀MIN฀�MAGNETIC฀STIRRER	�฀����฀CM�฀OF฀SOLUTION฀OF฀
TESTED฀SALT฀OF฀CONCENTRATION฀EQUAL฀TO฀��฀MMOL�DM�฀WAS฀ADDED฀TO฀SUCH฀
OBTAINED฀MIXTURE฀AFTER฀��฀MIN฀
฀STIRRING฀VIGOROUSLY฀FOR฀���฀MIN�฀!FTER฀
QUICK฀FILLING฀OF฀A฀DISH฀�THAT฀WAS฀PREVIOUSLY฀THOROUGHLY฀WIPED฀TO฀REMOVE฀
ANY฀STAINS฀AND฀FINGER฀PRINTS	฀THE฀MEASUREMENTS฀OF฀LIGHT฀SCATTERING฀FOR฀
WAVE฀LENGTH฀���฀NM�฀WERE฀CARRIED฀OUT฀FOR฀��฀MIN�฀&OR฀EACH฀TYPE฀OF฀SILI

CATE฀THE฀FINAL฀RESULT฀WAS฀AN฀AVERAGE฀VALUE฀FROM฀THREE฀MEASUREMENTS�

4EST฀RESULTS฀AND฀DISCUSSION
-EASUREMENTS฀OF฀TURBIDITY฀FOR฀TESTED฀SYSTEMS฀WERE฀PRESENTED฀IN฀

&IGURE฀�฀Ô฀��

$IFFERENT฀VALUES฀OF฀TURBIDITY฀WERE฀OBTAINED฀IN฀ALL฀TESTED฀SYSTEMS�฀
THE฀HIGHEST฀WAS฀FOR฀LIQUID฀GLASS฀.O�฀�฀AND฀THE฀LOWEST฀VALUES฀WERE฀OB

TAINED฀FOR฀LIQUID฀GLASSES฀s฀.O�฀�฀AND฀��

#HARACTER฀ OF฀ TURBIDITY฀ CURVES฀ IS฀ SIMILAR฀ AND฀ WE฀ CAN฀ OBSERVE฀ IN

CREASE฀OF฀TURBIDITY฀IN฀TIME�

7E฀HAVE฀TO฀ADMIT฀THAT฀ IN฀THE฀CASE฀OF฀ FORMATION฀OF฀COLLOIDAL฀ LEAD฀
SILICATE�฀ABOUT฀�
�฀TIMES฀AND฀���฀TIMES฀HIGHER฀TURBIDITY�฀COMPARING฀TO฀
CADMIUM฀AND฀MERCURY฀RESPECTIVELY�฀WAS฀OBSERVED�

)RRESPECTIVELY฀TO฀THE฀TYPE฀OF฀TESTED฀SILICATE�฀PRESENCE฀OF฀MERCURY฀
�))	฀SALT฀HAS฀A฀SLIGHT฀IMPACT฀ON฀TURBIDITY฀AND฀IN฀ALL฀TESTED฀SYSTEMS฀WITH฀
MERCURY฀NITRATE฀�))	฀TURBIDITY฀VALUES฀ARE฀�
��฀.45฀�&IG�฀�	฀�PRACTICALLY฀
WITHIN฀THE฀ERROR฀LIMITS	�

4HE฀ SIMILAR฀ RESULTS฀WERE฀OBTAINED฀ IN฀EARLIER฀WORK�฀WHEN฀ TESTING฀
THE฀SYSTEMS฀pSODIUM฀LIQUID฀GLASS฀s฀MAGNESIUM฀SALTSq฀;��=฀AND฀pSODIUM฀
LIQUID฀GLASS฀s฀MANGANESE฀SALTSq฀�))	q฀;��=�฀4HUS฀WE฀CAN฀CONCLUDE฀THAT฀
COLLOIDAL฀MERCURY฀SILICATES�฀SIMILARLY฀TO฀SILICATES฀OF฀MAGNESIUM฀AND฀MAN

GANESE฀DO฀NOT฀FORM�

3IMILARLY฀TO฀THE฀CASE฀OF฀0B�./�	�฀TURBIDITY฀DEPENDS฀OF฀TYPE฀OF฀LIQUID฀
GLASS�฀$IFFERENT฀VALUES฀OF฀TURBIDITY฀WAS฀OBTAINED�฀THE฀HIGHEST฀WAS฀FOR฀
LIQUID฀GLASS฀.O�฀�฀�ABOVE฀���฀.45	฀AND฀LIQUID฀GLASS฀.O�฀�฀�ABOUT฀���฀
.45	�฀AND฀THE฀LOWEST฀VALUE฀FOR฀LIQUID฀GLASS฀.O�฀�฀�����฀.45	�฀#HARA

CTER฀OF฀ TURBIDITY฀ CURVES฀ IS฀ SIMILAR฀ AND฀WE฀DO฀NOT฀OBSERVE฀ SIGNIFICANT฀
INCREASE฀OF฀TURBIDITY฀IN฀TIME�฀#ADMIUM฀SILICATES฀ARE฀FORMED฀AT฀ONCE฀I�E�฀
AT฀THE฀BEGINNING฀OF฀MEASUREMENTS�

#ONCLUSIONS฀
2ESULTS฀OF฀STUDIES฀ENABLE฀DRAWING฀THE฀FOLLOWING฀CONCLUSIONS�

��฀ !DDITION฀OF฀ LEAD฀ SALTS฀ AND฀ CADMIUM฀ TO฀ LIQUID฀ GLASS฀ CAUSES฀PRECI

PITATION฀ OF฀ COLLOIDAL฀ SILICATES฀ THAT฀ ARE฀ FORMED฀ AT฀ ONCE฀ I�E�฀ AT฀ THE฀
BEGINNING฀OF฀MEASUREMENTS฀WITHOUT฀FURTHER฀INCREASE฀OF฀TURBIDITY฀
IN฀TIME฀IN฀THE฀CASE฀OF฀CADMIUM�

��฀ !DDITION฀OF฀MERCURY฀�))	฀SALTS฀TO฀LIQUID฀GLASS฀LEADS฀TO฀PRECIPITATION฀
OF฀COLLOIDAL฀SILICATES�฀4HE฀SIMILAR฀RESULTS฀WERE฀OBTAINED฀EARLIER฀;���฀
��=฀AS฀IN฀THE฀CASE฀OF฀MAGNESIUM฀AND฀MANGANESE฀SALTS�

��฀ 4YPE฀OF฀SILICATE฀AND฀MOLECULAR฀COMPOSITION฀OF฀ITS฀WATER฀SOLUTIONS฀
HAVE฀A฀SIGNIFICANT฀ IMPACT฀ON฀ FORMATION฀OF฀COLLOIDAL฀ LEAD฀AND฀CAD

MIUM฀SILICATES�

��฀ #ONSIDERING฀TOXICITY฀OF฀METALS฀0B�฀(G฀AND฀#D฀AS฀WELL฀AS฀THEIR฀SALTS�฀
THE฀LIQUID฀GLASSES฀CAN฀BE฀USED฀TO฀REMOVE฀LEAD฀AND฀CADMIUM฀IONS฀
FROM฀MEDIA฀LIKE฀INDUSTRIAL฀AND฀MUNICIPAL฀WASTE฀SEWAGE�

&IG�฀��฀)MPACT฀OF฀LEAD฀NITRATE฀ON฀TURBIDITY฀OF฀LIQUID฀GLASSES฀

&IG�฀��฀)MPACT฀OF฀SALTS฀OF฀MERCURY฀ON฀TURBIDITY฀OF฀LIQUID฀GLASSES

&IG�฀��฀)MPACT฀OF฀CADMIUM฀NITRATE฀ON฀TURBIDITY฀OF฀LIQUID฀GLASSES

&IG�฀��฀#OMPARISON฀OF฀EXEMPLARY฀VALUES฀OF฀TURBIDITY฀IN฀pSODIUM฀WATER฀
GLASS฀.O�฀�฀sSELECTED฀SALTSq฀SYSTEMS
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)N฀STUDIES฀ON฀ INTERACTION฀OF฀DIFFERENT฀MODULES฀ LIQUID฀GLASSES฀WITH฀
SALTS฀OF฀SELECTED฀METALS�฀AMONG฀OTHERS฀FROM฀))฀GROUP�฀ IRON฀AND฀MAN

GANESE�฀IT฀WAS฀FOUND฀THAT฀IN฀MOST฀OF฀CASES฀COLLOIDAL฀SILICATES฀OF฀THOSE฀
METALS฀ARE฀FORMED�

0RESENTED฀RESULTS฀IN฀THE฀WORK฀SHOULD฀INITIATE฀FURTHER฀STUDIES�฀ESPE

CIALLY฀EXTENDING฀THEM฀BY฀SALTS฀OF฀TRANSITION฀ELEMENTS�฀4HEY฀CAN฀CREATE฀
POSSIBILITY฀ OF฀ BROADER฀ USE฀ OF฀ LIQUID฀ GLASSES�฀ AMONG฀ OTHERS�฀ IS฀ SOLVING฀
ENVIRONMENT฀PROTECTION฀PROBLEMS฀ESPECIALLY�฀WHEN฀IT฀WAS฀FOUND฀THAT฀
;��=฀THAT฀LIQUID฀GLASSES฀ARE฀ENVIRONMENTALLY฀FRIENDLY�

"ROAD฀USE฀OF฀METALS฀AND฀THEIR฀SALTS฀CAUSES฀POLLUTION฀TO฀ECOSYSTEM�฀
SO฀THERE฀SHOULD฀BE฀EFFECTIVE฀METHODS฀FOR฀REMOVAL฀OF฀THOSE฀UNWANTED฀
METALS฀FROM฀MEDIA�
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