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o PuUaantuneet maa-alueet; yleista
P Bsaus 1SCO tekniikoihin
O tekniikat meilla ja varsinkin muualla

o Tayden mittakaavan kunnostus vs. tutkimuksen haasteet
— Soveltuvuus kunnostuskohteelle ja ko. aineelle
— (Maa-) matriisin vaikutus kemikaalitarpeeseen

— Kaytettavan kemikaalin maaran minimointi  esikasittelyna
biologiselle hajotukselle?

— Vai toisin pain?
— Kemikaalin ja hapetuskemikaalin kontakti maaperassa RO,

kunnostettavan kohteen hydrogeologisten ominaisuuksien
tutkiminen

— Mahdolliset riskit
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onna 2008

1 prosentissa massanvaihto
% massanvaihto + muu tekniikka

— Muut: eristys, kemiallinen hapetus,
huokosilmakasittely



% Oljyhiilivedyt
% Oljyhiilivedeyt + metallit
5 % Oljyhiilivedyt + monipilaantuneet
o 2,2 kloorifenolit + PCDD/F

o Metallit

 Tuhansia pilaantuneita kohteita
vedenhankinnan kannalta tarkeilla alueilla



ehittyneet hapetustekniikat

situ generation of highly reactive intermediate
dants such as the hydroxyl radical (OH )" Glaze and
Kang 1987, Ozone Sci&Eng

« OH is a very powerful, non-selective oxidant and very
short-lived

 H,0, with a metal catalyst, UV or O,
* O, with UV or at alkaline conditions
 "AOPs are widely studied, promising technigies”



Species

Hydroxyl radical 2.8
Sulfate radical 2.5
Ozone 2.1
Sodium persulfate 2.0
Hydrogen peroxide 1.8
Permanganate 1.7
Chlorine 1.4
Oxygen 1.2

Oxidation potential (V)




Itu chemical oxidation involves the
Introduction of a chemical oxidant into the
subsurface for the purpose of transforming
ground-water or soil contaminants into less
harmful chemical species.”




h

s H. gl katalyyttinen hajoaminen Fe?* ionin vaikutuksesta happamissa
'olo hteissa aloittaa hajoamisen ketjureaktion

H,O, Fe3* + OH + OH (chain initiation)
« OH +H,0, H,O + HO, (chain propagation)
e HO, +H,0, O, + H,O0 + OH (chain propagation)
e Fe’*+ OH Fe3* + H,O (chain termination)

e “alternative theory including the formation of FeO?*, which acts as the
key intermediate in the reaction”
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F&g + HO, Fes* + HO, (ferrous iron reduction)

+ HO, Fes" + H* + O, (ferric iron
oxidation)

¢ Fe3* +H,0, Fe?* + HO, + H* (ferric iron

oxidation)

N
4

« Low [H,0,]/[Fe®*]:

— 2Fe2* + H,0, 2Fe% +20H-
« High [H,0,]/[Fe?*]:

- 2H,0, 0O,+2H,0
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Weh iIsm, in which FeO?* acts as the key intermediate:

O,l/[Fe*]
ution)

2 Fe’" + 0, + H,0

Low [H,0,]/[Fe?"]
k,

Fe? + Hy0p == {Fe *Hy0 —Tr Feﬂz*—@r—rz +20H"
3] o { 2 1} v L )
) . o |
i @
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{FeQFe}™* @—- Fe’™ + Fe'" + 0, + HyO
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5. H:0-

Scavenged
H:0HOQ 5~
HCO/C0,*"

Sand Surface «0H + Contaminant —™ Products

H;0- H,0;

Equilibrium
S *HO ;4 > 0.+ H

<y

Surface Scavenging H,0,
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pamissa olpsuhteissa (pH optimi noin 3)

Fe** + H,0, Fe*" + HO™HGBH"

« Hydroksyyliradikaalien muodostuminen OH
« “Fast, simple, inexpensive (?)”
e Muttal

— Hydroksyyli -radikaalit kuluvat epaselektiiviseen
matriisin hapettamiseen

— Kaytannon kohteissa “Rebound effect”
— Eksoterminen reaktio



aperan luontaiset rautayhdisteet (jJa muut

tallit) rittavat vetyperoksidin  hajomisen
alysoimiseen

e Goethite yleisn mineraali
 Maaperan luontainen pH ilman hapon lisdysta

o Kelatoivien yhdisteiden kaytto raudan
sitomiseen ja vetyperoksidin stabiloimiseen



4 iReIeases oxygen and forms MnQO,(s)

High potential, wide pH (3-12), cheap

e Slow process — allows diffusion to low
permeable mediums

e KMnO, or NaMnO,



Sulphate radicals, SO,, catalyzec
Sodium persulphate salt, Na,S,0q
Not effective for ethanes

e Alkaline conditions with thermal
activation

h
4

SO;* + RH — R* + HSO;

SO;* + H,0 — OH" + HSO;

OH°'+RH - R +H,0

R* +S,0 — SO;” + HSO; +R
T SO;* + OH™ — OH" + 50,
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:iz(s) +H,0  Ca(OH),(s) + H,0,
RC, alkaline conditions

» Stable H,0O, concentration
e pH control important

e Solid product

* Good bioremediation base
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PPV ‘Sydrogen peroxide confined in sodium
e Slow dissolution in alkaline conditions

« FeSO, as a catalyst
* Perhydroxyl radicals, HO,-

i
~o—o Na Y Na
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genesis, an American company specialized in
ediation of contaminated aquifers, produces a

ton chemistry based RegenOx'™ —product. It

prises of two components, an oxidizer complex and
an activator complex. The oxidizer complex is a white
powder consisting of sodium percarbonate confined
hydrogen peroxide, 2Na,CO,-3H,0,, sodium carbonate,
Na,CO,, sodium silicate, Na,SiO,, and silica gel, mainly
SiO,. The activator is a blue and green liquid consisting
of ferrous sulphate, FeSO,, sodium silicate, silica gel
and water. (Regenesis 2005b, Regenesis 2005c) “

I

h
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* 40m,, chemical packaging
* 500kg RegenOx
« Soil saprolite rock

» TCA:23ug ND
» 1,1-DCA: 21ug 11 pg

@ Monitoring Well 5 '
@ Injection Point PR ——c
A5 TN

Figure 1. Site Map with RegenOx Injection layout

Table 1. RegenOx Application Results — Well TW-C10 (ug/L)

Contaminant | Baseline | 48 Hrs. 72 Hrs. 1 Week | 4 Weeks | 8§ Weeks | 11 Weeks | % Reduction
1.1.1-TCA 23 12 9 [§] ND ND ND Q0 04
21 18 16 13 g 7 11 47 0

5
| 1.1-DCA
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duct

anced Formula Oxygen Release Compound (ORC-
IS a proprietary formulation of calcium oxy-hydroxide
O(OH),) that produces a controlled release of oxygen
for period of up to 12 months when hydrated.

e Purpose

To supply oxygen to accelerate the rate of naturally
occurring aerobic contaminant biodegradation in
groundwater and saturated soils.

. P

http://www.regenesis.com/products/enhAer/orcadv/default.aspx



ecification

Hydrated) Calcium Oxide Peroxide [CaO(OH),] -
0% by weight, minimum

Other inorganic calcium compounds : Ca(OH), and
CaCO; - 35% by weight, minimum

Active Oxygen - 17%

CaO(OH), + H,0  Ca(OH), + 1/2 O,

http://www.regenesis.com/products/enhAer/orcadv/default.aspx
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Hirect Oxidation
3+ C2HCI3 + H20

2 CO2 + 3 H++ 3ClI-

OH-radical formation

O3+ H20 02+
2 O3 + 3 H202
(Fast)

Bio- and environmental engineering

2 .OH (Slow)
402 + 2 -OH + 2 H20



pettimien luontainen tarve; orgaaninen ja
Aorgaaninen matriisi, kilpailevat haitta-aineet

triisin maara ja reaktiivisuus (org.aineet)

« Hapetettavan yhdisteen konsentraatio ja
reaktiivisuus

« Kohteen ominaisuudet , hydrogeolologia

e Haitta-aineiden ja matriisin mobilosoitumisen
alheuttama riski ymparistolle ja mahdollisuudet
riskin minimoimiseen
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By Eric Bergeron

P = poor G = good E = excellent



By Eric Bergeron

P = poor G = good E = excellent

Bio- and environmental engineering



<

Bio- and environmental engineering

Affects the dosage of chemical

By Eric Bergeron

H : high M : medium



Matriisin vaikutus

Tarvittavan annoksen
maarittaminen kokeellisesti
laboratoriossa

Bio- and environmental engineering



34

Bio- and environmental engineering $ %



Bio- and environmental engineering



Bio- and environmental engineering



h

' asufaasissa (VOC
kosilmassa)

stefaasissa
« Kiintean faasin pinnalla
1.Desorptio  hapetus

e Esim NAPL pinnalla
— Fassin vaheneminen
— Mass reduction




u Maaperan ominaisuudet,
hydrogeologia

Tontin entinen ja tuleva
kayttotarkoitus

Menetelman hyvaksyttavyys
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recirculated mixture of oxidants,
groundwater, and chemizals

b
&oxadant

ground surface

groundwatsr
: level

well

wel
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atment procedure
atch conditions

0 g of soil and 40 mL of liquid phase (H,O + H,0,)
— Mixing on rotary shaker (160 rpm)

— 72 hours of oxidation

— with/without Fe?* addition

— with/without pH adjustment

— Room temperature

Bio- and environmental engineering



44

Bio- and environmental engineering $ %



Bio- and environmental engineering



Bio- and environmental engineering



k=0.91ht!

Z =3m
n.=0.3
R [m]

Q [L/min;

Huling and Pivetz, 2006
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PP N Threshold and lower and upper guideline
values in Finland

PAHs, mg/kg 15 30 (e) 100 (e)
PCDD/F, mg/kg® 0.00001 0.0001 (h) 0.0015 (e)

1) WHO - TEQ including dioxin like PCBs
e = environment, h = health

SWEDEN: 10 and 250 pg-TEQ/g sensitive and less sensitive land use
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clean is clean enough?

lal concentration vs. required / accepter concentration
In the treated waste stream?

« How much it can cost compared to alternative,
conventional techniques

 |ndented use of site after treatment risk based
remediation?

49 Tampere 7.10.2008
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