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A B S T R A C T



The main  idea of  the  thes i s  i s  to  create  a  c lean and 

heal thy  env i ronment  in  indus t r ia l  town Chia tura 

which  holds  an ou ts tanding p lace among the  c i t ies 

o f  Georgia  wi th  i t s  impor tance,  which ,  above a l l 

i s  de termined by the  Manganese indus t ry .  Howev-

er ,  the  town has  o ther  resources  which  today are 

very  impor tan t  in  the  course  o f  search ing the  ways 

for  i t s  sus ta inable  development .  Chia tura i s  r igh t-

ly  cons idered to  be one of  the  f i r s t  indus t r ia l  c i t ies 

in  Georgia .  The rapid  development  o f  explora-

t ion ,  ex t rac t ion  and process ing of  the  Manganese 

resu l ted in  the  format ion of  Chia tura as  a  town.

The major  qual i ty  o f  the  town i s  the  indus t r ia l  in-

f ras t ruc ture  re la ted to  manganese indus t ry  g iv ing 

a  d i s t inc t ive  and un ique charac ter  in  te rms  of  cu l -

tu ra l  her i tage.  In  the  town and i t s  sur roundings , 

there  are  a  lo t  o f  unused,  as  wel l  as  operat ing 

h i s tor ica l  mines ,  shaf t s ,  cargocableways ,  ore  en-

r ichment  p lan ts ,  nar row gauge ra i lway and the i r 

engineer ing in f ras t ruc ture .  The main  problem for 

Chia tura ,  as  wel l  as  for  the  o ther  indus t r ia l  c i t ies 

o f  Georgia ,  i s  the  ex t remely  pol lu ted env i ronment 

as  a  resu l t  o f  the  fa i lu re  to  comply  wi th  s tandards 

o f  ore  ex t rac t ion  and process ing.  L imi ted f inan-

c ia l  and human resources  o f  se l f -government  and 

s ta te  ins t i tu t ions  are  s t i l l  the  main  chal lenge for 

Chia tura .  Lack  of  profess ional  resources  i s  main ly 

assoc ia ted wi th  h igh leve ls  o f  emigra t ion  and un-

employment .  A number  o f  cu l tu ra l  her i tage s i tes 

o f  Chia tura ,  un for tunate ly ,  i s  vacant ,  abandoned 

or  i s  phys ica l ly  in  a  bad condi t ion .  Th i s  tendency 

i s  mos t ly  caused by the  mass ive  emigra t ion  of  a 

popula t ion  f rom the  town,  degradat ion of  urban 

func t ions  and by economic  hardsh ips .  Reso lv ing 

the  i s sue re la ted to  the  prov is ion of  pure  dr ink-

ing water ,  pur i f ica t ion  of  r ivers ,  prevent ion of  a i r 

and so i l  po l lu t ion ,  rehabi l i ta t ion  of  recreat ional 

in f ras t ruc ture ,  e tc . ,  i s  one of  the  precondi t ions  for 

sus ta inable  development  and creat ing heal thy  l i v-

ing condi t ions . 



G E O R G I A



C H A R A C T E R I S T I C S

Georgia ,  count ry  o f  T ranscaucas ia  located a t 

the  eas tern  end of  the  B lack  Sea,  on the  sou thern 

f lanks  o f  the  main  cres t  o f  the  Greater  Caucasus 

Mounta ins .  On the  nor th  and nor theas t  the  coun-

t ry  i s  bounded by Russ ia ,  by  Azerbai jan on the 

eas t  and sou theas t ,  by  Armenia and Turkey  on the 

sou th ,  and by the  B lack  Sea on the  wes t .  Georgia 

inc ludes  th ree e thn ic  enc laves :

Abkhazia ,  in  the  nor thwes t  (pr inc ipal  c i ty  Sokhu-

mi) ;  A jar ia ,  in  the  sou thwes t  (pr inc ipal  c i ty  Ba-

tumi) ;  and South  Osse t ia ,  in  the  nor th  (pr inc ipal 

c i ty  Tskh inval i ) .  The capi ta l  o f  Georgia  i s  Tb i l i s i . 

The roots  o f  the  Georgian people  ex tend deep in 

h i s tory;  Dur ing the  medieval  per iod,  a  power fu l 

Georgian k ingdom ex is ted,  reach ing i t s  he igh t 

be tween the  10th  and 13th  cen tur ies .  Af ter  a  long 

per iod of  Turk i sh  and Pers ian dominat ion ,  Geor-

g ia  was annexed by the  Russ ian Empire  in  the 

19th  cen tury .

Wi th  the  notable  except ion of  the  fer t i le  p la in  o f 

the  Kolkh ida Lowland—ancien t  Colch is ,  where  the 

legendary  Argonauts  sought  the  Golden F leece—

the Georgian ter ra in  i s  large ly  mounta inous ,  and 

more than a th i rd  i s  covered by fores t  or  brush-

wood.  There  i s  a  remarkable  var ie ty  o f  landscape, 

ranging f rom the  subt ropica l  B lack  Sea shores  to 

the  ice  and snow of  the  cres t  l ine  o f  the  Caucasus . 

Such cont ras t s  are  made more notewor thy  by the 

count ry ’ s  re la t ive ly  smal l  area.  A var ie ty  o f  so i l s 

are  found in  Georgia ,  ranging f rom grey-brown 

and sa l ine  semideser t  types  to  r icher  red ear th 

and podzols .  Ar t i f i c ia l  improvements  add to  the 

d ivers i ty .

L A N D



R E S O U R C E S

The in ter ior  o f  Georgia  has  coal  depos i t s  (no tably 

a t  Tkvarchel i  and Tk ibu l i ) ,  pe t ro leum (a t  Kazet i ) , 

and a var ie ty  o f  o ther  resources  ranging f rom peat 

to  marble .  The manganese depos i t s  o f  Chia tura 

r iva l  those of  Ind ia ,  Braz i l ,  and Ghana in  quan-

t i ty  and qual i ty .  I t s  waterpower  resources  are 

a lso  cons iderable .  The deepes t  and mos t  power-

fu l  r ivers  for  hydroelec t r ic  purposes  are  the  R ion i 

and i t s  t r ibu tar ies ,  the  Engur i ,  Kodor i ,  and Bzyph. 

Such wes tern  r ivers  account  for  th ree- four ths  o f 

the  to ta l  capaci ty ,  wi th  the  eas tern  Kura,  Aragv i , 

A lazani ,  and Khrami  account ing for  the  res t .  Oi l 

depos i t s  have been located near  Batumi  and

Pot i  under  the  B lack  Sea.

The Caucas ian barr ier  pro tec ts  Georgia  f rom cold 

a i r  in t rus ions  f rom the  nor th ,  whi le  the  count ry  i s 

open to  the  cons tan t  in f luence of  warm,  mois t  a i r 

f rom the  B lack  Sea.  Western  Georgia  has  a  hu-

mid subt ropica l ,  mar i t ime c l imate ,  whi le  eas tern 

Georgia  has  a  range of  c l imate  vary ing f rom mod-

erate ly  humid to  a  dry  subt ropica l  type.  Wes tern 

Georgia  has  heavy ra in fa l l  th roughout  the  year , 

to ta l l ing 40 to  100 inches  (1 ,000 to  2,500 mm) 

and reaching a maximum in  au tumn and win ter . 

Southern  Kolkh ida rece ives  the  mos t  ra in ,  and hu-

mid i ty  decreases  to  the  nor th  and eas t .  Win ter  in 

th i s  reg ion i s  mi ld  and warm;  the  mean January

temperature  never  fa l l s  be low (0°C) ,  and re l-

a t ive ly  warm,  sunny win ter  weather  pers i s t s  in 

the  coas ta l  reg ions ,  where temperatures  aver-

age about  (5°C) .  Summer  temperatures  average 

about  (22°C) .  In  Eas tern  Georgia ,  prec ip i ta t ion 

decreases  wi th  d i s tance f rom the  sea,  reach ing 

16 to  28 inches  in  the  p la ins  and footh i l l s  bu t 

increas ing to  double  th i s  amount  in  the  mounta ins .

The sou theas tern  regions  are  the  dr ies t  areas ,  and 

win ter  i s  the  dr ies t  season;  the  ra in fa l l  maximum 

occurs  a t  the  end of  spr ing.  The h ighes t  lowland 

temperatures  occur  in  Ju ly  (25°C) ,  whi le  aver-

age January  temperatures  over  mos t  o f  the  region 

ranges  f rom (0 to  3°C) .

C L I M A T E



More than hal f  the  popula t ion  now l ives  in  c i t ies . 

Fur ther ,  a  cons iderable  por t ion  of  the  popula t ion 

tha t  i s  def ined as  rura l  i s  in  fac t  engaged in  the 

urban economy of  nearby c i t ies .  There  a lso  was a 

s ign i f ican t  sh i f t  in  the  d is t r ibu t ion  of  the  popula-

t ion  to  urban cent res  in  recent  years ,  as  the  rura l 

popula t ion  has  decreased by about  one- four th 

s ince the  beginn ing of  the  21s t  cen tury .  En terpr i s-

es  for  pr imary  process ing of  agr icu l tu ra l  prod-

uc ts  have been cons t ruc ted in  the  v i l lages ,  whi le 

ore-process ing p lan ts  and l igh t  indus t ry  a l so  are

increas ing in  number .  As  a  resu l t ,  many of  the 

s low-paced t radi t ional  v i l lages  have developed

in to  d is t inc t ly  modern communi t ies .  The number 

o f  rura l  inhabi tan ts  remains  as  h igh as  i t  i s  be-

cause of  the  wide d is t r ibu t ion  of  labour- in tens ive 

branches  o f  the  economy such as  the  tea and sub-

t ropica l  c rop p lan ta t ions .

S E T T L E M E N T  P A T T E R N E c o n o m y

The Georgian economy inc ludes  d ivers i f ied and 

mechanized agr icu l tu re  a longs ide a wel l -de-

ve loped indus t r ia l  base.  In  recent  years  tour i sm 

has  been developed.  Georgia  i s  the  impor ter  o f 

foods tu f f s ,  energy carr iers ,  cars ,  machinery  and 

t ranspor ta t ion  equipment .  Georgia  expor t s  min-

era l  waters ,  wines ,  tea ,  c i t rus  f ru i t s ,  p ipes ,  a l -

loys  o f  fer rous  and nonfer rous  meta ls ,  and tex t i le 

products .  Bes ides ,  i t  i s  engaged in  re-expor t  o f 

c rude o i l .  The vo lume of  impor t  in  2000y.  to ta l led 

898 mi l l ion  dol lars ,  expor t  –  372 mln .  dol lars . 

The larges t  impor t  par tners  are  the  EU count r ies , 

Russ ia ,  Turkey,  and the  USA;  expor t  –  Russ ia ,  Tur-

key,  Azerbai jan and Armenia .  Major  indus t r ies 

are  food ( inc lud ing tea,  t inned goods ,  wines;  tung 

o i l ,  f ragrant  essences ,  minera l  waters  e tc . ) ,  l igh t 

indus t ry ,  mechanical  engineer ing,  chemical  and 

pet rochemical  indus t ry ,  o i l  re f in ing,  ex t rac t ion  of 

manganese ores ,  coal ,  ores  o f  non- fer rous  meta ls , 

bar i te ,  e tc .
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R E G I O N  C H A R A C T E R I S T I C S

Imere t i  reg ion i s  located in  the  wes t  s ide of  Geor-

g ia .  F rom a h i s tor ica l  perspec t ive ,  Imere t i  i s  one 

of  the  impor tan t  reg ions  o f  Georgia .  The main  c i ty 

o f  Imere t i  -  Ku ta is i ,  who i s  the  second larges t  in 

the  count ry  o f  Georgia ,  a l so  p layed an impor tan t 

ro le  in  the  count ry  s ince anc ien t  t imes .  In forma-

t ion  about  the  o ld  West  Georgia  or  Colch is  and 

Kuta is i  be found in  many (Greek ,  Arabic ,  Arme-

n ian)  h i s tor ica l  sources  and chron ic les .  The region 

of  Imere t i  i s  s i tua ted a long the  middle  and upper 

end of  the  R ion i  r iver  the  second r iver  in  Georgia , 

a long i t s  length  (327 km) .  The main  c i ty  o f  the 

region i s  Ku ta is i .  Where i s  located the  second im-

por tan t  A i rpor t  a f ter  Tb i l i s i  and Georgian Par l ia-

ment .  Imere t i  i s  d iv ided in to  two par t s :  Upper  and 

Lower  Imere t i .  The d is t r ic t s  o f  the  Upper  Imere t i 

are  Kharagaul i ,  Ter jo la ,  Tk ibu l i ,  Sachkhere  Chi-

a tura ,  Zes taphoni .  The Lower  inc lude Kuta is i , 

Tskhal tubo,  Khoni ,  Samtredia ,  Vani ,  Baghdadi .

M I N E R A L  R E S O U R C E S  A N D  I N D U S T R Y

This  reg ion i s  d i s t ingu ished by i t s  na tura l  resourc-

es .  There  are  located two c i t ies  wi th  mines  Chi-

a tura -  where are  Manganese ores  and Tk ibu l i 

where  i s  the  ex t rac t ion  of  the  coal .  Zes ta fon i  and 

the  smal ler  ne ighbour ing town of  Shorapani  are 

indus t r ia l  cen t res  o f  the  count ry .  The Zes ta fon i 

fe r ro-a l loy  p lan t  processes  raw manganese ore 

sh ipped by ra i l  down the  Kv i r i la  va l ley  f rom Chi-

a tura ,  supply ing 6% of  wor ld  demand.  The larges t 

fe r roal loy  p lan t  in  the  count ry ,  in  1998 i t  pro-

duced 35,000 tonnes  o f  s i l i comanganese and 

11,000 tonnes  o f  medium-carbon manganese a l-

loy .  Th i s  was  wel l  be low i t s  prev ious  peak pro-

duc t ion  of  110,000 tonnes  o f  manganese-based 

a l loys .  Main  indus t r ia l  sec tors :  meta l lu rgy;  food 

indus t ry ;  e lec t r ic  power  product ion;  min ing in-

dus t ry ;  machine-bui ld ing;  and l igh t  indus t ry .  The 

region i s  d i s t ingu ished wi th  i t s  var ie ty  o f  miner-

a l  depos i t s .  Curren t ly ,  there  are  more than 100 

depos i t s  o f  minera ls  and raw resources  tha t  are 

known of  in  the  region.  Hal f  o f  the  ex t rac ted min-

era ls  are  expor ted to  fore ign marke ts .



The geographical  locat ion of  Imere t i ,  i t s  land-

scape,  h i s tor ica l-cu l tu ra l  and natura l  monuments , 

agr icu l tu re ,  r ich  nat ional  t radi t ions ,  espec ia l ly 

Imere t ian  hospi ta l i ty ,  represent  good precondi-

t ions  for  the  development  o f  tour i sm in  the  region.

The region i s  home to  more than 250 h is tor ica l 

monuments ,  which  may create  a  c lear  imaginat ion 

for  the  gues t s  about  the  r ich  and un ique Georgian 

cu l tu re  and h i s tory .  There  are  a  lo t  o f  s igh ts  In 

Imere t i ,  cu l tu ra l  -  arch i tec tura l  monuments ;  many 

of  them are  inc luded in  the  l i s t  o f  Wor ld  Her i tage 

-  UNESCO. From the Ant ique Epoch un t i l  the  be-

ginn ing of  the  XX century  the i r  locat ion in  wonder-

fu l  landscapes  great ly  impressed v i s i tors  f rom a l l 

over  the  wor ld .  1 .360.000 tour i s t s  v i s i ted Imere t i 

in  2016,  41% fore ign tour i s t s  among them.

R E S O R T  F A C I L I T I E S  A N D  T O U R I S M  R E S O U R C E S M I G R A T I O N

Many large and smal l -s ized c i t ies  los t  a lmos t  a 

th i rd  o f  the i r  popula t ion .  Imere t i ,  a f ter  Racha - 

Lechkhumi ,  Kvemo Svanet i  i s  the  second region in 

the  migra t ion  process ,  f lows increased by 19%. 

There  are  var ious  complex fac tors  ranging f rom 

economic  and soc ie ta l  to  pol i t i ca l  and personal . 

Th i s  tendency has  on ly  par t ia l ly  changed s ince 

2005 when indus t r ia l  ac t iv i t ies  s tar ted rev iv ing. 

Economic  re forms implemented in  the  count ry 

dur ing the  pas t  decades ,  a long wi th  increased 

pol i t i ca l  s tabi l i ty  and secur i ty ,  Bu t  the  migra t ion 

process  cont inues  and i t  i s  d i f f icu l t  to  s ing le  ou t 

the  so le  fac tor  cont r ibu t ing to  emigra t ion  and/or 

immigra t ion  f rom/to Georgia .  Rather ,  have fos-

tered an increase in  immigra t ion  f lows.  However , 

th i s  has  not  reduced emigra t ion  leve ls .  The 2014 

census  shows tha t  75% of  emigrants  are  in  the 

20-54 age category .  The ou t f low of  work ing and 

reproduct ive  age popula t ion  adverse ly  a f fec t s  the 

economic  and demographic  s i tua t ion  in  the  coun-

t ry .
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2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

ZESTAFONI 
 • Area  423 km2  

TERJOLA
 • Area  357 km2  

TKIBULI
 • AREA  478 KM2   

BAGHDATI
 • Area  815 km2   

KUTAISI
 • Area  70 km2  

TSQALTUBO
 • Area  632.3  km2  

KHONI
 • Area  428.5 km2 

SAMTREDIA
• Area  364.1 km2   

TOTAL AREA
6 552 KM2   

TOTAL POPULATION
510 700 (2017 y.)  

VANI
 •  Area  557 km2  

SACHKHERE 
 • Area  973 km2   

CHIATURA
 • Area  545  km2   

KHARAGAULI
 • Area  913.9  km2   

39 400 

48 600 

2017 y

2002 y

44 400 2007 y

41 000 2012 y

• Population 

36 500

40 000 

2017 y

2002 y

38 900 2007 y

37 800 2012 y

• Population 

 33 600 

38 700 

2017 y

2002 y

37 400 2007 y

35 900 2012 y

• Population 

 19 200

23 500 

2017 y

2002 y

21 700 2007 y

20 100 2012 y

• Population 

56 700

67 000 

2017 y

2002 y

63 000 2007 y

58 900 2012 y

• Population 

19 600 

27 900 

2017 y

2002 y

24 700 2007 y

21 800 2012 y

• Population 

20 100 

25 000 

2017 y

2002 y

23 500 2007 y

22 100 2012 y

• Population 

141 900

180 900 

2017 y

2002 y

166 500 2007 y

152 400 2012 y

• Population 

52 100

63 700 

2017 y

2002 y

60 800 2007 y

57 800 2012 y

• Population 

23 000 

29 300

2017 y

2002 y

27 1002007 y

25 2002012 y

• Population 

22 400

29 300

2017 y

2002 y

27 1002007 y

25 2002012 y

• Population 

46 300

54 900

2017 y

2002 y

52 3002007 y

49 5002012 y

• Population 

510 700 PEOPLE

The number of 
population 

decreased by 
19 %  in 15 years

627 400 PEOPLE

[source] National Statistics Office of Georgia - 
GEOSTAT
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WHILHEM HER-
MANN VON 
ABICH founded 
and studied the 
manganese ore 
in the vicinities 
of Chiatura and 
Sachkhere

1846

1876

Geological study  
the ores  for its 
further process-
ing later. It was 
continued by the 
direct initiative of 
the famous
 Georgian writer 
AKAKI TSERETELI  
and geologist 
SPIRIDON 
SIMONOVICH.

1870

AKAKI TSERETELI STARTED ORE MINING 
between villages of Upper  Rgani and Mgvi-
mevi.

1895

Georgian Manganese 
was mainly  intended 
for EXPORT.  Georgian 
ore deposits were 
utilized by England, 
Germany, Frence, 
Belgium, Austria-Hun-
gary, USA etc. The 
Georgian Manganese 
were utilized by large 
metalurgical factories 
like AMERICAN COM-
PANY BETHLEHEM 
STEEL CORPORATION, 
GERMAN KRUPP, ITAL-
IAN ILVA.

1890

ON 4 FABRUARY, NARROW RAILED RAILROAD 
LINE OF CHIATURA -  SHORAPANI, was o�cially 
inagurated - one more branch of the trans-Cau-
casus central main line.

Extraction of deposits 
and its export were 
stabily increasing and 
REACHED ITS PEAK. 
966 000 TONS OF  
MANGANESE WERE  
EXTRECTED FROM 
CHIATURA MINE. 
Georgia was the main 
exporter of manga-
nese ore - Georgia 
supplied 50% of the 
world’s ore. 

FIRST WORLD WAR I  
and closing of the 
Dardanelles strait 
abruptly stopped 
the peak of indus-
try.

1914 1921

1917

The more Chiatura was acquiring the image of 
the city, the more discussion regarding the city 
governance system introduction was taking the 
place.
FINALLY, IN THE YEAR OF THE 1917 CHIATURA 
WAS  DECLARED AS A CITY.

THE 
PRODUCTION 
OF THE  
MANGANESE 
COMPLETLY 
STOPPED.

1925

Chiatura production by con-
cession 
agreement was transferred to 
the 
AMERICAN  POLITICIAN AN 
ENTREPRENEUR  W. AVERELL 
HARIMAN FOR 20 YEARS. With 
the contract, Harriman 
monopolized the entire indus-
try  from extraction to export.  
Harriman was supposed to 
restore the fallen production, 
though his work in Chiatura 
was  
unsuccessful. THE CONTRACT  
TERMINATED IN 1928 AND 
ENTIRE PRODUCTION WAS 
ASSUMED BY THE GOVER-
MENT.

VILLAGE CHIATURA

1913

ZESTAFONI FERROALLOY FACTORY
was built. which up-to-date continues to be 
Chiatura’s Manganese ore’s  main user. At the 
same time of the Zestafoni plant construction, 
another 
ferromarganese pilot plant was built in Tbilisi. 

1930

1935
THE FIRST LARGE 
ORE PROCESSING 
PLANT of the soviet 
period was built 
under the design of 
the German �rm 
“KRUPP” and still 
know under the 
name “N25-bis. It is 
subordinated to 
perevisa mine.

1939

PEROXIDE  ENRICHMENT ORE PROCESS-
ING  PLANT“PEROFI”,  the annual capaci-
ty of which amounted to 100 000 tones 
per annum, was build. It is subordinated 
to Rgani mine, being distingushed for 
clear, interesting layout of the rectangle, 
vertical openings.

1953
1957

PROCESSING PLANTS  CMP 1 AND CMP 2 ARE THE
LARGEST ENTERPRISES with respect to the annual 
capacity, 
which is re�ected on their sizes and multitude of mu-
tually related premises. Both of the plants are allocat-
ed on the overall industrial site.

1953

It is beleived that the  FIRST ROPEWAY 
THROUGHOUT THE SOVIET UNION WAS BUILT 
IN CHIATURA. Such one is named to be public 
ropeway  “Chiatura - perevisa”, to which  
another line - “Sashevardno” was added.

1990
The political and 
economical turmoil of 
the early 1990s forced 
the 
production to face 
di�cult challanges 
again. THE PRODUC-
TION  
INFRASTRUCTURE WAS 
DETERIORATED: 
Undergraound tunnels, 
factories with utility 
buildings, freight path-
ways.

2006

THE  MANAGEMENT OF 
THE MINES IS EXECUTED 
BY GEORGIAN MANGA-
NESE HOLDING 
LIMITED. Which is the 
owner of “Chiatura
Manganese,” Zestafoni 
ferroalloy factory and 
Vartsikhe hydroelectric 
station.

2018

GEORGIAN MANGANESE HAS BUILT A 
NEW 
ENRICHMENT FACTORY.  ALMINERAL is a 
joint project of Germany and Poland.
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Undergraound tunnels, 
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buildings, freight path-
ways.
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THE  MANAGEMENT OF 
THE MINES IS EXECUTED 
BY GEORGIAN MANGA-
NESE HOLDING 
LIMITED. Which is the 
owner of “Chiatura
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NEW 
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joint project of Germany and Poland.
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SMOG FREE CABLE CAR

The innovative cable car inhales polluted 
air, cleans it by carbon dioxide fiilters, and 
spread clean air to the environment.

MONITORING AIR POLLUTION DRONES

The drones, used in a study at the Industri-
al, Energy and Environmental Systems Lab-
oratory of the Technical University of Crete, 
were able to capture air pollutant emissions 
and to create a 3D visualization tool of a de-
termined area.

TITANIUM DIOXIDE COATING T1O2

T1O2, is that titanium dioxide is a heteroge-
neous photocatalyst that uses sunlight to ab-
sorb and render oxides of nitrogen (NO and 
NO2) harmless by converting them to nitrate 
ions (NO3), which then can be washed 
away by rain or soaked into the concrete to 
form stable compounds.
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