néeyares rnfiswss [srlfnuyinis

g%

)
Bl

)
135"

1LVBr & [ B2 f1rmy raEvByJdr1r m)

frnBr tpBLarmy JTeImy 1B1 ]

3 g
& [l ¢
7 H ks
N\ i=?
- C

‘h

n < >h_'(.‘" n 1 h h
Zp!B B Al 1 _I h<<l<5
N B AN, hte 8 C _ A K | h , _
Lt hts >t h v K v h
r- A _han_ " A7 vh h<ch>-Y
B_h<!__| Bill\h
rl—|J<W— AY nh/\!||< fh>h'
BAah™ < ; rn S 1 - < [







néeyares rnfi1swss [srlfnuyinis

£
$

Lo
Bl

>

1TV & [ B2 1My r&E&LVBY I T M)

frnBr tpBLarmy JTeImy 1B1 ]

‘; o

.0) - 3

i ¢ &

, ‘-§ SE
CV@

‘h

n"< > h teon n 1 h h
Zp!B’B /\l A | _I h<<l <B_
AB’_A c‘hl V)lV<!l lq‘_/\
.{!hIB !> 1 h ~ th‘n

c["‘s B >SB AT _' h A B B h
h"’_|5<|5 -y A ;] ¢ > h T A B
B A >h_ ! B h S "A S <" ¢ _
J A B h t > B 1 c ' s h A h ¥ h !







[i]



[ii]



]



J’ o h* w‘<hh > B A h B ., h v noty >80 3 'B/\)\ KT "<" "] <Cwh™¢Y'Al 'h

phA‘"< rh>ht 3 0 Y 1 % h _UA h Ah ¢ s o ‘h"’"
“/\BGLh"‘ Ch"l>8“:7\"hz <.‘h‘“{"1"5"’£;‘h" ‘”““"h>"h"
h =~ > hth Shh | “h ¢s* h o B¢ AT ' ® .. hs
L T AT U B I N [ -BAAh “hen "> A" thh ¢ h
v’ . YL yh‘ ‘r“h" " o >>8 8 . h A B AE ~ 1 h T "“h,"hhﬁ‘l“ <>
1 T <, >h e s 1 h 2 oh ¢ h ' R © A
J{‘h’_s’sl ‘5vy<rh§|£‘/_\hsfl1‘3‘h"/\"‘>5 ¢ h* ‘_'l )
r >~ " At <>h Ch* [HAAT" A <wWA"" LN 7" ve Tt >haA S
‘W <h >8 h ¢ ' >sh Ahl<5v“‘.h,_l“v."‘3’>hyl>BAV‘.”.‘_v n.
151/\"<V1’hl 1 ' h ! “/\B‘" Yt Bt h _V‘. h <« <h
]‘C'§h¢h‘ _“‘ rqb_c[y“’h"‘h/\sml‘v\hl/\/\"/\ls,>h “/\B'Jh"h
>’ h h = _l. ">h/\_'C'_B'ETh"\:?]HSW{IrAhg‘.")&m:kﬁv'q
B A _ vor h_5<5)’_5. ZABc’W.n _'BI ‘_V B’Jh‘_"’
cheY ot h oA T TR AN BT SE AL A
B~ _ ' s _ 1B *h_ 58 Shcm A Ah KT, <Yt >ho
$th oA B LT oot vt o>mY s h o At T B PSR A owh< S
1 * h¢ _"ht.""“‘_‘“"hl T - h "h"“‘.‘""/ﬁ“vs‘s‘hhl ‘S i '>h“l'“ > h h -
S R S U SR S AR D L R L
re_ho 0>
r- A _haA_ " A7 ph ~ h e

[iv]



V]



—
-

—
-

A n<<hdyh ¢ h ! <BCh MATh TATEL TTEW N AL
)\“‘,5 . >’“‘ o o h B - ', h A" hCCHh Y ¢ h
Chew s ' A hAIFUT B QB T jH Y AL AT
" h @

h"’,‘h 4“<,>h_'¢" B 1 h > > h >SE <8 h B B A B
1 " B 7 B /\h_hl ! h «<'" <8~ 71 7~ h 1! "'JB'+/\ A B
B _ h _ h * - vy ‘<‘<J"?<BB€""{>’\M’1/\‘h'Z "‘ ho Y, A A B _ A
Cosh YL T A Thyr e s CL
wo_t E > A D _h B‘A',‘_h ¢ h T '|_;'>h_h"(D
7 ¢ v - h‘_' T ha>h To¥rm i ¢ hoA “ B ','Ah > h
R L TS Twe o hA Ch . N Tt > A
s hsy T hu>h Yo Yrwmercoha ¢ht “ s " h>h h C
" ¢h > B A T B T . A '5'4"hl5>’hl5_,_,/\/{l‘h‘
LT ‘_>"' - ' . ‘h . >0 Y . ‘>"|5‘ _hh v"ts"/\’h/\’ ‘_hh B v " . Y

T4 7 h CUAN T WL A A LA T A T > 7
W{h,"lz

n- "+~ h L. AT E T WL AN A AT AB T > B _
W{h,"lz

n- {’hB""_\H{yh“‘B/\",‘I_“"A5>""‘“>’B‘ wY s ht B
W{h)"lz

n_" " h o >‘¢'V]'h¢"l {'h‘_""_'_hlz
n_"{”h“H’v'l “JQHWK_‘,*H_'V. W{{h‘)h",l"';us_‘_¢h’m>'
- A h - wo, ¥ /\‘%"h’/\.hl<v-j].1,5ﬂ/o‘.“'l _n“Zp‘ Lo
A h , ¥ " h _h "58“’41h>>hj_hh/\"“_/\" < h. s v oY

I"h" B _ h‘,l >/\WI5|]\"V" _" wy h Y . >

[7" 1" h< BDOwWwWX A", V" C_ A HMY3IKkE Z

[7" 1'h< DhwX ‘A" C A mMnanY3dkftZ

[*" 1 *"h< >h Y VvVh I E8WA 17, > nn>3kf X
[ 7" 1 "h< ph SWA™ ="K "2 Sspi XL T T 00X

" 4+ h< >h_ " A<IOS T hAEY gy T
TS wA AT TS A MmnanY3dkf
B’[B"b;j;h“_\,/(’h1>h_“""""Ch/\ B ADh Y

[vi]



= =4 =4

I O

s

J’B"h>h_h 1‘AB‘V,. IV". 4‘h’¢5'hl H . A
J’B‘ “h >h h > B > h L S m"rhlﬁ“’y _”>H5’A"/.\ I" ".
[ h>h _h >s p "<&  EAHCEEL DA AT 7
J'B"h>h_h >B|5‘r|’h‘_"‘<,¢(5ll‘8’/\l'-}BB’"_I/\{'h'CB'hI T
* AW, B ' h ‘ h 1 A B h Ah , Y " h _h “>‘B’h‘>h_
I>h YTt h A
,+/\_hh >‘|5|5"h>h_h h“AB‘V,. _"’)"{""hl “"
AY " C L ! . Ah >t ¢ mw B fﬁmxhvj‘v,‘JD'Qam@QC fnn ~ ¥
h «¢ ¢! 1 ':'8)"?1 < M, "(’)L‘]_|" . AB "~ Y ) * _" w | h | "l -
C B A ’ _C“ 5>‘hl’ /\“"’/\‘_ h55>g/EeE_ h yJ’ C \ﬂ/\_ o, Tt N _ M . B v h > ¢
j"‘Cls_h' B A | >|5_th ‘.I'"I ¢ h e T
Cr e ST AT 0" . ¢ L CwaA T, AN L ANT
h-ZO?g/Lg“ “>_W'h‘>h h‘_' “>)*/\|5’ ¢ h ° > B - Y
L T 7 B DT A S
e thoA s T b s gl (Www.charntlife.gr). - h on
<V,".Z ! B T S B{h)"‘l B L. > Y
L ht >t ot h T B vh ™ "8 AY N o A
v ! . 1 ' " <., >h_ te "' B 1 h > h R thY, ¢t shh “__"Q/\h
‘5¢_‘<."_'_h _"‘ B{h)"“">)‘+5/\h*’>5>“’_cplo[‘h/\twd;
“h_tsh By 4B L ABS Y Y <ppmE AL T oS WL RS
Pty st ppmf TR St g A SR Y < s R T T
o>ttt h s ST th o s psvh SRR AL Ty
h<’_|5" ‘_" W{h,"l M P
“/\W‘B‘hz ! ‘h"’“’h h‘V'>W/\+/\ “JCB/\_'_
Y sy Bt _' 1 " h*t B>t s _ '/\_Bh" "“" ‘B Vvvh"*‘ss_/\h"‘, I‘ B,
’V. YA h , Y " h _h ‘5"h>h_h ‘_"<"cp 1“_
ottt s ! h B A YTy B h * ¢ h h L Y “h Y 7 h

.Y PPN O mgLApzo >80 0 S w (NOSN) 2ImMg/lLAE Lt S s A
CwoA_ T L NG-M)1400mgLls - A 6

h =~ E <w ' >h h . A T T h >h . A : "< A
¢ h h = ¢ ¢ _ A -8 ' “ h >h . A - w il B ' v h A ! t Vo
h‘|t5>l 1 h v BVh“BAV ‘r+>)v Y ~ AB,.q)r

[vii]


http://www.charm-life.gr/

N Y AT O

CE * . 1 ¢ woA o, Tt oy o, T e A mg/_LV{ B A h "AmE _lsh £ .
B - ' "~ B hy " ">h/\_'¢h ! {‘h‘s“>'_'_h _"‘ B v h
B - h " > B B M w | h | V. - . ¢ . >sh > A B B h 5 _(j]ngﬂ_kh"u h > B
E > Ah? <’ 1Y >‘¢"_t5" . A “J(\‘B/\_'_‘IS’/\ B v h*
h =V*'A" " S>Sw AY AB 7 “" j”‘Cs_h' B g = h " > B _“ w
J’h">“‘h “>‘|5’h‘>h_h "“Q,‘_“‘/\ J'h(N@S_N)" ‘“‘
2ImgL ¢ "~ P " 7 7 7 h /R S N R ,h > A8 h A h T
B vh > ‘8B AY o L. > ‘h v _“’5 ABS =7 h' ">‘|5 j_"” ‘V\ﬁ.‘ush_, ¥ . b
fho "7 h T o< h v >wA., A Tmgll)E AT T T e A AN
- YA h'5<5"W'+" th“BAV,I "+>’v‘ ’
L' T ST A R M e cwaA T, masdEKTC 8 AT h T YL
W.{B"V_h'/\_v 1 " h*tw®> "' sY th“s/\wl Lo > Y “" |5<.‘<’
¢ h !t 1 B A "h’ls' ¢ h >*'h h «<<'" <8~ 1 " h " O n"‘<w"/\:
) ¥ s vh g AW .o >y - ﬁomtré)l.'1 “/\_Bh" _"I'{Z‘>h' AB T~ ’_‘“B 14 h" hs
Lo > E > AhT _ e T h «<h ™~ " ‘: e '_‘yv"'<“’ 'IV U"J/\BB’_ h>*g ¢~
Lhs>st <t s T B gy o' . ) h wn>

J’B"h>h_h ‘“\ wil " Ah A > B h“"_s"+>W/\h 1 8’ 1 >h
“JCBC">W/\V‘ 'B"h>h_‘<.“” ",_"C'<<"‘ "" h ¢
B - ' ~wh B ">h/\_‘¢h _' 4‘h‘5“>'_'_h _"‘ B v h > ¢
CE {'h‘lf">'_'_h _v‘ BVh“B/\VII ;'+>’v‘ ,h’AB_
_"‘ 5{h>/\"5"l' S5 h «<hi >wAaAY h = ! th“ts/\wl Lo > vy
-7 h h_"“’""'f,‘h/\ > B _hC_“.‘" h «<h " _" AB T
R AT T . B vh s A” L. > 3Ly g ARS O
"o _" [ "‘,jtsh<€<lv Nﬁ_"/\h' ' >h A e ¢ h ¢ - ) h
h’{ls‘" > B AB 7 h h «<ch i1 >SwAaAY h - Lo >y - 7 v Y
N T ABE T O

E ¢<h‘>h_v‘v"" w ]l B ' VE "_:B’_H«f(‘?‘_"z—t‘s‘h\l\l“"/\
LTS U TEAAE ST T T ha >h Y s AT W Y s "
B “""‘_'cp r s h <« <h < ' 1 ' h _" >|51h<'_|5"’ “""‘_
B ¢ v <i:h B ° 1 Ly " h Y >h _ h - . - Y ¢ T ““ hA ” hh_/\"h’<"‘_" ¢



) A h | h _h .['h<’>h_h > B h A b
B> hweah A0 Y A AU TS Tw 38 Agl. M
AU TpHW AT AR T Sh @t T T hp Lt h WA A
¢ B - h A ' h ¢ R ) 4. . B - ' , h
Y T A h* ., " >h h T B ° Ah ' ht s A ¢ h *
ey oY oY 2 > T S A h - h1>h_"“’"‘|5’ [
LU N L+ oAb > T y ¢ h >8 7, ! . -
e 1 T <Y T .>h o, h - _h :
C.>h oA " A oA A YT w T .
>B8 1 h <! “"_/\I_ ‘BC‘"/\V‘B"L_,hI' "‘ L _h‘ "
Yl - A ChTD® > L A" S < A>h oy AL ~ h
' ¢ " << L A h T T +th< ¢ >>h 7
T > B 'A< TN T S h =" " A" h>w A~ AB T b
T B v h e AT >0 T wAh A T Y S
7 h>h b ot <t ' CoAB " Tt ot hs>sw T
"_h/\ LNB "> B AT 1 h HC _ B . Os V>h|5“‘_t5/\/\5”,l
. ‘_" AB " ¢ h° "t <‘J'_|5"’ h = C _'BI !
B'ng’[/Qy‘r h__hh p‘ ‘>/\W'B‘ h ‘_' A '5”'_, St A
h > s A" N B2 AR TSB7hT T h T BwWA" D BA
5”‘_+" {‘hC"‘_'>5/\'I h’{s\"l "“\ >
s o fwaA T, . B vh ™8 A" >gL. > 7 ’
" h >h h > B ot <8 - T ST ANEBAT A >BY
s * h ¢ ' * _ " _ >h "Cmﬁ‘ hﬁ_{rh{) 5""'("_/\"“’5"’/\"‘ J‘C wonT .
N N T AB T - B Ah' T8 . AE
> ! ¢ h * _' A 1 "_ , ! "" _‘V' hs "vih & ‘_5‘/\(""
A0yl >k
i > Y U Lo ¢h h ' A S <h>h Y-~
“h > 8 A h _V,>B Bl _ '_‘ w A h -t Y h oA ¢ h* ’
CLw Bvh > Aw wif _5" " hpgd o<l yB At 2"
‘_"<' _h h‘“_5<w‘>h_h "_hgﬂs\lh‘h‘,s’/("s’_l‘c
. R B S hu YA h R ot >h B Ah T L " h
B A h _h >5_ht_1"!v',5‘.‘h"5|5vr1’<<"llﬂ‘{'I'\’h:""’
R o

[ix]



n

IW<VV.BZ_hB‘I*”0'B‘I DL L ' h 1 Y 7 h > B * ' ¥ A h

A h h Anh [ ¢ B’ B Tt Tt B AW Oy l>h‘ Ch =Y B WA Eh' hy *1hs*’
E v h A < B’ hg * ¢ RH T hY Y " w“ i h * A B AW Y DR

1 =

- - - N ' '

[X]



ExtendedAbstract

[x]



In Greece and espediya in the runoff area of Asopdsasin, in which, high concentrations of
hexavalent chromium (€% were observed both on surface and underground wafEne
hexavalent chromiuncauses serious problems to public healtherefore this observation
caused anxiety both in public and to the scientific community.

This thesis was conducted due to the problem mentioned above. The rational of this experiment
was to investigate the behavior ¢ff*in surface soil by sampling from specific areagsdpos
basin, more specifically Oinofyta and Shimatari. In partictiarinteraction between the ground
water and thesurface pillar (sediment) was studied and the existence and the behaviofof
were examined

Several experiments of incomplete batch test were conducted and when further analysis was
required, column triés were conducted.

According to the incomplete batch test procedure, an analysis for the availability of chromium
based on the following scenarios was conducted;

The effect of nitrate concentration in water which contacts the sail

The effect of phosphateoncentration in water which comes in contact with the soil.
The effect of & concentration in water which comes in contact with the soil.

The effect of microbial activity microbes

The effect of three products having as a main constituent irophitFee ratio of 0, 5
1, 5%, on the existence of Fe concentration in soll

The column trials consists the following;

= =4 =4 A4 A

Distilled water flow from the ground/soll

Solution flow consisting nitrates with a concentration of 21mg/I,

Solution flow consisting miates with a concentration of1400mg/I,

Solution flow consistin@©* with a concentration of 48g/1,

Solution flow with Deionized water consisting iron EHC 1%

Solution flow consisting brackish water (NaCl) with TDS, as the case of nitrates solution
with aconcentration of 1400mg/I,

=4 =4 =4 A4 A4 A

Types of experiments used;

Experiments with 1 columrcontinuous flow with duration 26 hours
Experiments with 1 columnaon-continuous flow with duratior8 days
Experiments with 4 columns in series, continuous flow with dura#6 hours

= =4 -4

Experiments with 4 columns in series, continuous flow with duration 7 days

[xii]



In the following section, there will be a reference about the conclusions from the experiments of
the specific thesis project.

According to the batch tests, in whithere are oxidation conditions (Redox>100 mV), with high
levels of dissolved oxygen (DO> 3 mg/L) and in an alkaline environment (pH=8) , the occurrence
of the water in the soil which contains chromium, reveals concentrations of the hexavalent
chromium in arange of O to 55 ug/L. The concertation of the hexavalent chromium in the
equilibrium level in the system sewater varies according to the special conditions of the water

(for example the concertation of the ions, availability of the hexavalent chnonatc.) between

the values 5 to 20 ug/L. This conclusion is in the same direction with previous experiments in the
Asopos basin which revealed that the native existence of chromium in underground waters does
not exceed the values of 30 to 40ugiaww.charmilife.gr).

According to the batch tests, in which there are oxidation conditions (Redox>100 mV), with high
levels of dissolved oxygen (DO> 3 mg/L) and in an alkaline environment (pH=8) , the occurrence
of the water in the soil which contains chromium, reveals concentrations of the hexavalent
chromium in a range of 0 to 55 ug/L. The concertation of the hexavalent chromium in the
equilibrium level in the system sewater varies according to the special conalits of the water

(for example the concertation of the ions, availability of the hexavalent chromium etc.) between
the values 5 to 20 ug/L. This conclusion is in the same direction with previous experiments in the
Asopos basin which revealed that the natesestence of chromium in underground waters does

not exceed the values of 30 to 40ugiaw.charmilife.gr).

Next, the existence of reduced concentrations of other ions in the water seems to limit the
availability ¢ the hexavalent chromium in the water in the system watepsoil. This is an
observation from both batch tests and column tests. Systematically, from bigger to smaller
concentration of hexavalent chromium it is observed that it follows this pattern:

1 Water

1 Phosphates (P£&P) 9.3 mg/L

1 Nitrates (NG-N) 21mg/L

1 Nitrates (NG-N) 1400 mg/L

The results of the column tests confirm the results of the batch tests, which showed that the
concentrations of other ions in the water limit the availability of the hexaviathromium in the
water. The more of the concentration of other ions the less of dmmcentrationof the
hexavalent chromium in the water.

[xiii]
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The concentration of the phosphates of 9,3 mg/L does not seem to affect the concertation of the
hexavalent chromim in the water in the system watdop soil. According to the type of the soill

the concentration of it varies from 10 to 30ug/L and it is a little less in comparison with the values
of the hexavalent chromium that was observed in the case of the deiomiader.

The results of the water that contains phosphates and the water that contains nitrates (21 mg/L)
were almost matched. The existence of nitrates in the water does not seem to affect the
availability of the hexavalent chromium in the water in the systwater top soil.

On the contrary, the existence of increased concentrations of nitrates (1400 mg/L) prevents in a
significant proportion the releasement of the hexavalent chromium in the water in the system
water-topsoil.

By using, in the experimentsater that contains an initial concentration of hexavalent chromium
40ug/L, the results showed that the available hexavalent chromium which released from the two
soils is the same with the case of the deionized water and there is not an interaction.
Furthemore, after a 20 days period the concentration of the hexavalent chromium is the same
with the control experiments. Therefore, not only the available hexavalent chromium is the same
but in the end there is an adsorption that leads to lower values (20 ajgglcoximately).

Another type of experiments which were presented in this thesis were the batch tests with sterile
samples. This kind of experiments reveals that in the frame of the specific experimental protocol
followed the microbial growth did not affeatonsiderably the availability of the hexavalent
chromium.

The availability of the hexavalent chromium seems to be limited in the pass of time and with the
contact of the soul with water that does not contain hexavalent chromium. According to the tests
in which there was a change of the water that was in the system wiafesoil, the concentration

of the hexavalent chromium was systematically lower than 10 ug/L. The environmental benefit
is significant due to the fact that the results show that the irrigativith water that does not
contain chromium limits the availability of the hexavalent chromium in the water.

The fractionation revealed that there are colloid solids which contain hexavalent chromium in
the water and on the contrary the real soluble paitthe hexavalent chromium was small in
proportion. That is to say, that the bigger proportion of the hexavalent chromium is reserved in
colloids.

In the case of nitrates in a concentration of 1400mg/L the part of the colloid hexavalent
chromium was evenigger. This can be explained with the theory of ionic strength. The bigger

[xiv]



the ionic strength, the bigger is the proportion of colloids and the lower Total Dissolved Solids
(TDS).

In the column tests the continuous flow of the water in the soil (the sufiy lasts 26 hours)
reduces gradually the availability of the hexavalent chromium in the water and in a space less
than 6 hours the concentration of the hexavalent chromium in the water does not exceeds the
value of 5 ug/L. So, in the case of a contirmiauigation the availability of the hexavalent
chromium is limited. The same results were observed in the case of thegmmuous flow.

After some circles of irrigation the available concentration of the hexavalent chromium does not
exceed the value dug/L.

The column tests which simulate the contact of the irrigation water with the top soil (with height
approximately 30cm) show that the concentration of the hexavalent chromium in the water in

the system wateitopsoil does not exceed the value of 10ugeven in the case of the water that
contains an initial concentration of hexavalent chromium that is 40ug/L.

If we take into consideration that on the fractionation there are colloid solids, we can say that
the most possible scenario is that the collbieikavalent chromium is trapped in the soil. The soil
behaves like a filter and it does not allow to the hexavalent chromium to leave the system. In the
beginning of the column test there is an increase of the hexavalent chromium and that is because
of the fact that the entrance of the system is soluble hexavalent chromium and it takes some
time to turn it into colloid hexavalent chromium.

Finally, another part of the specific thesis was the examination of the usage of different types of
ferrum and the ainwas to reduce concentration of the hexavalent chromium and to reduce it to
trivalent. The results show that quickly the iron becomes inactive and we have to replace it with
new one.
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