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A persistent legacy

ORIGIN AND PRODUCTION

« Organochlorine insecticide (y-HCH) produced
since the 1940s.

« 1 tproduct=>8-12t of waste (q, 3, 0-HCH)
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PROHIBITION

 Persistent organic pollutant (POP)
- Banned in the EU in 2000

o Listed under the Stockholm Convention in 2009.

« (Classified by IARC (2015) as carcinogenic to
humans (Group 1).
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CHOL “CONDOR" Polvo y liquido pulverizable,

MULSIONES Parc desinsectocién totol d
ONDOR» Ay B locoles y lucha ontipakidics

PREPARADOS A BASE DE LINDANE:

HEXA-LINDANE «CONDOR».

En popel combustible sin llomo (contre
moscos, mosquitos y polilles alodes).
En polvo, sin olor.

— Productos limplos, précticos y
A 8| fulminantes contra todos los in-
. sectos y dearos domésticos y sus
sre Ll larvas:

pE - <N { MOSCAS, MOSQUITOS, POLI-
N LLAS, CUCARACHAS, CHINCHES,
' e PULGAS, CARCOMA, ETC.

SQQHDALOSENTIENOAS
10 VECES MAS ACTIVO QUE EL DDT

INOFENSIVO PARA EL HOMBRE

INSECTICIDAS CONDOR, S. A.
Apartado 23-Desierto- Baracaldo (Vizcoya)

A persistent legacy
ENVIRONMENTAL ISSUES

o Persistent

 Bioaccumulative
« Neurotoxic and carcinogenic (Group 1)

o \Waste in uncontrolled landfills.
« DNAPL form with chlorobenzenes

« Generates aquifer plumes lasting decades.

EUROPE-WIDE PROBLEM

« Areas heavily impacted by production waste

 Not treatable with conventional techniques
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LINDANE 1,2,4-Trichlorobenzene
Persistent organic pollutant Not classified as POP
(POP)

Much higher mobility

Low mobility - (vapor pressure x400)
(low vapor pressure and solubility)

TREATABLE IN SITU

By conventional methods

NOT TREATABLE

By conventional methods
(sparging/venting)
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The gel spreads predictably in both high- and low-

permeability zones

The gel remains in place for long periods despite washout

by groundwater (saturated zone) or gravity drainage Aqueous reagent
Sensitive to gravity
(unsaturated zone) Poor ROI

Gelled reagent
Unsensitive to gravity
Good ROI, predictable

Bouzid et al.
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Particular case

Mono-waste landfill of lindane production waste
-Location within an active industrial plant
-Heterogeneous lithology: clayey silts, sands and gravels
-Presence of pure lindane waste

-Elevated deposit bounded by rockfill walls

-Irregular topography with steep slopes

-Waterproofed with surface capping

-No base/sidewall lining of the landfill

-Water level with high seasonal fluctuation

-Very high a- and 3-HCH concentrations (up to 65 g/kg and 2 g/kg)
-
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Phase 0. Characterization and preliminary tests.

Phase 1. Initial setup.

Phase 2. Reactive gel injection.

Phase 3. Post-injection monitoring, venting and pumping.

Phase 4. Final monitoring.
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Elevation (m a.s.l.) — estimated

40 -

38 A

36 A

34 -

32 A

30

Site boundary
(rock-fill wall)

Site boundary
(E wall)

UNIT A (sand / gravel / weathered grianite)

530500E

|
—

530505E 530510E

530515E

2 HCH in soil (mg/kg) — impact colour
<1 [CJ1-10 =3 10-100 m=m 100-1,000 mmm 1,000-10,000

Fill — Fill / Unit A contact (interpreted)
Unit A === Topography (contour map)

= == \Nater table (interpreted)
V Water level measured (PB-1)

530520E 530525E

EEE > 10,000

YV Water noted while drilling
< Top of Unit A in borehole

530530E

Analysed sample (colour = class)

530535E

530540E

530545E
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430
4128
26

10 m

i 319
N 10
1 5

—4
—
—
-
4
o+
—

-15 -10 -5 0 5 10 B
Este relativo (m)

GEOAMBIENT

_

Cota (m)

() onnerd) HON



_

GEOAMBIENT

s iaswsen
= 5a
- .

Gt Lt >
L Ok
S b st Tl e G
. ealian

¥ ok
W
i

Lol
e
s

| Safety Factor

| 0.00
] . 0.50
& 1.00

1.50

50

2] 2.00 ¥

2.50

3.00
1 3.50

4.00

4.50

5.00

5.50

€.00+

35
1.

30
A S

25 m

o
-

10 15 20 25



2
—

Initial approach
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Phase 0. Characterization and pre-tests.
Phase 1. Initial setup.

Phase 2. Reactive gel injection.

Phase 3. Post-injection monitoring, venting and pumping. : . -
N I Radios influencia 5m F

PDE

Phase 4. Final monitoring. - : Eozczsdde Bombeo
- untos de Iinyeccion

| © Pozos de Venteo
Piezometros

Final evaluation of the new methodology.

To be continued...
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G Pseudoplastic gels combine high viscosity with low
Injection pressure.

The gel spreads homogeneously in all directions,

including upward and upgradient, even when
a injected into high-permeability unsaturated zones
or high-velocity aquifers. Spreading is predictable.

As a reagent carrier, the gel remains in place for
months after injection, increasing the contact time
between the reagent and the adsorbed
contaminant.
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_

The radius of influence exceeds several meters.

Gel propagation can be readily monitored by real-
time electrical resistivity tomography, which allows
the treatment to be guided.

In the saoil it occupies, the gel blocks water flow,
making it a viable option for temporary
containment.
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