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U.S. EPA OSWER Directive 9200.4-17 (1999):

“reliance on natural attenuation processes (within the
context of a carefully controlled and monitored site
cleanup) to achieve site-specific remediation objectives
within a time frame that is reasonable compared to that
offered by more active methods.”

Monitored Natural Attenuation (MNA) is a remedial
approach which represents the monitoring of these
processes in competition to other technologies.
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Three lines of evidence (LoE):

1. Trends towards decreasing contaminant
concentrations in groundwater

2. Geochemical data indicative of biodegradative
processes in the groundwater.

3. Supporting data to demonstrate degradation within
the contaminated soil and groundwater system
such as microcosm studies and tracer studies
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US-NRC (2000): MNA demonstration by
establishing cause-and-effect relationship between
loss of contaminant and the mechanism responsible

for the loss
open the black box!
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Guidance no yes yes yes * yes yes | yes
available?
Source - yes | yes, unless | yes, unless yes no no
control not cost- not cost-
measures effective effective
required?
- |30 years| reasonable | reasonable | reasonable| 30 -
. compared to| compared | compared |years
Time frame
other to other to other
options options options
Current 1 |more 4 10 In the 4 8
MNA than 10 range of
projects 100s
within URS

* e.g. www.itv-altlasten.de
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Mass flux (MF): calculate mass loss along
groundwater flow path (indirect evidence)

Signhature Metabolite Analysis (SMA). Investigate
for characteristic contaminant degradation products
such as benzoic acids generated during BTEX
biodegradation (direct evidence)

Compound-Specific Stable Isotope Analysis
(CSIA): quantify biodegradation along the
groundwater flow path by investigating the isotopic
fractionation patterns for PHC and CHC (indirect
evidence)
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adapted from
Martus et al. (2006)
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Food production w/ gas station; contaminants: aromatics &
TPH

Regulators requested direct proof of contam. degradation,
NA screening:

1. LoE: mass flux calculations, plume stability assessed

2. LoE: sulfate reduction, methanogenesis and
Iron/manganese reduction

3. LoE: direct evidence of in situ degradation of
contaminants acquired by SMA

Overcome “black box” perception; MNA is currently being

Implemented
URS
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Large site, long history- contaminants: PAH, phenols,
BTEX in alluvial aquifer, plume length 400 m

Assessment of the NA potential by:
Investigation of plume geometry
Sampling and analysis of 30 wells:

— Field parameters
— Contaminants
— Electron acceptors

— Transformation products
— SMA (metabolites of PAH and BTEX) and CSIA (13C/*°C)

Mass flux calculations
GW model

MNA concept accepted
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Plume mass removal of naphthalene through biodegrad ation
= 449 g/day
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For the following compounds SMA yielded gualitative

evidence for biodegradation:

Naphthalene
Methylnaphthalene

Toluene
Xylene
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G22u
o-Xyl [ug/l] 4.8
dL3C [o/00] -24,250
Degrad. [%] 75.4
G10m
0-Xyl [ug/l] 90.2
dl3C [o/oo] | -26,022
Degrad. [%] [ Source G28U
Gb5a (oben) 0-Xyl [ug/1] 19.6
o-Xyl [ug/l] 8.2 dL3C [o/o0] | -23,521
dl3C [o/o0] | -25,936 Degrad. [ 86.1
Degrad. [%] 6.6
G26u
o-Xyl [ug/l] 19.4
di3C [o/oo] | 23,842 | >
Degrad. [%] 82.1
In black:
naphthalene
100 m (deeper part of
P

aquifer) in [ mg/L]
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Rayleigh equation

G25u
o-Xyl [ug/l] 9.6
dL3C [o/o0] | -22,901
Degrad. [%4] 91.5

G24u
o-Xyl [ug/l] 1.2
dL3C [o/00] n.d.
Degrad. [%] n.d.
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MNA Is a rapidly maturing remediation / risk management
strategy

Combining direct and indirect NA evidence is key with
respect to a knowledge-based approach to MNA

Mass flux, SMA and CSIA technigues are effective tools to
document MNA performance

open the black box!
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