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Lecture 02
Introduction Part 11
Hello everyone, welcome back to the latest lecture session. Our course is obviously dealing
with remediation of contaminated sites, so in this context we were summarizing a case study
or 2, so that it would help you come to a decision as to whether to take the course. So in this
context, we looked at a brief example of a chromium contaminated site in India where
primarily the contamination was ground water contamination and there was limited data in

that context.

And then we moved on to a case study where we have a landfill that is leading to
contamination of soil, ground water and a few surface water streams and thus there were
some affected areas. So again in today’s session we are going to finish understanding that
particular aspect, as in with respect to remediation of that particular landfill, what are the
issues caused due to that particular leachate from that landfill reaching the ground water and

surface water.

We are going to look at some of the remedial alternatives and then how did they go about
choosing that particular alternative and so on. During our course we are going to look at the
technical aspects involved with understanding each of those alternatives.
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So again let us jump back to where we are; here we looked at this particular figure last time
and here we have 2 particular landfills, the major one being here and this was on a hillock.

And as | mentioned, the alternative that was finally chosen was having a ring of extraction
wells, pumping out the particular leachate, and then treating that particular leachate offsite, is
| believe the option that was chosen, but we are going look at how the decision was made. So
that’s what we are going to obviously look at. As you can see the extraction wells do not ring
the entire perimeter of the leachate; but in a particular site that obviously depends upon site
characteristics and transport of the leachate and so on beneath the surface of the soil.

Anyway the different aspects: again a quick recap; and we have been looking at different
aspects her. The major aspect being hazard identification, we identified the relevant toxic
compounds, we then identified the relevant pathways and we then looked at how toxic is each
of this compound that we identified, let us say it is carcinogen, non carcinogen, toxic
compound and so on so forth.
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RISK/ ENDANGERMENT ASSESMENT

() HAZARD IDENTIFICATIONZ—
* Information about the various hazardous chemicals.
* Indicator chemicals selected based on certain factors
) EXPOSURE ASSESSMENT /-—
* Introduces the potential exposure routes
* Environmental fate of chemicals discussed.
00 TOXICITY ASSESSMENT  /— 'M.. 15“:\‘ 5t
* Evaluation and interpretation of toxicological data for the
indicator chemicals.
O RISKCHARACTERIZATION 4=~
~+ Estimation of incidence of an adverse health or
environmental effect under the conditions of exposure

+ Categories of risk:

+ Carcinogenic human health risk 7

+ Non-carcinogenic human health risk

+  Environmental risk

We have relevant data here usually; reference doses or acceptable daily intake levels for non-
carcinogens and for carcinogens we have something called slope factor. We are going to look

at these aspects in greater detail too.

As in why are we going into look at these in greater detail later on during our course ? That
is because we need to understand that it is an exact science yes, | guess, sometimes |
wouldn’t call it art but it is certainly not an exact science because there are considerable

uncertainties involved, especially with trying to come up with risk characterisation. So now



we are going to try to put down a number that would estimate or give an idea about let us say
the risks that particular contaminated site poses, to either your human population or to the

environment or the ecologically sensitive areas out there.

So in that context obviously we look at carcinogenic and non carcinogenic risks. And usually
all these we call the toxic compounds and then we obviously look at environmental risks or
ecological risk. Ecological risk assessment is much more comprehensive. So during the
course of our semester we are going to limit ourselves to only the human health risk

assessment which is carcinogenic human health risk and non-carcinogenic human health risk.

So now let us apply this to our particular site so what do | have here, | have a plethora of
information out here, but let us not be blown away. So what are we dealing with? We are
trying to identify the relevant hazards and in this particular table you know these are the
various compounds that were identified from different monitoring wells in the location of or
in the vicinity of that particular landfill.
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And obviously if we look closer or look at this data closely you see that it is limited to the
potential carcinogens right. Here we are looking at potential carcinogens and they come up
with ranking and indicator scores; and why do we need to come up with ranking and
indicator scores? Because we are going to look at which particular compounds are we going

to pay more attention to or such right.

So obviously that is going to be dependent upon let us say factors like how toxic or how

carcinogenic is the compound; usually if it is a carcinogenic, people do to take that into



consideration for remedial action and what is the frequency of detection and what is the level
of detection or what is the concentration at which the compound is detected and so on.
So here | guess they have again different compounds and a few heavy metals and so on here

right. Yes and the other compounds too here: 1,2 DCA again right.

Trichlorophenol and such chlorinated organics; so in general we see quite a few heavy metals
and then chlorinated organics right. And then what do we see here? We see the different
pathways, usually ground water, surface water, and in the leachate. They analysed the
concentration, they looked at the maximum and average values for the different pathways
right.

And again similarly for soils and sediments, and then based upon a ranking matrix let us say
or their own weightage that they gave to different compounds, again we are not going into
that in great detail at this stage. They came up with indicators scores for these compounds
right. For both the maximum, or the worst case scenario and the average case. And then they
ranked the compounds, 1 being of the greatest concern. | guess again that was hazard
identification and then potential carcinogens. So obviously if we considered carcinogens

right, we are also going to look at non-carcinogens or the toxic compounds.

And obviously again the same case, we are going to look at non-carcinogens right and here
we have let us say again different compounds depending upon their mode of ingestion or
exposure and level of concentration can have both toxic effects and also carcinogenic effects,
right and one example is arsenic; it has both carcinogenic effects and also toxic or non-

carcinogenic effects too.

And again you have various other such heavy metals so on and again chlorinated organics too
| guess right. So what do we have, same case, we have different pathways right and then they
come up with the concentrations, the average and the maximum concentration in each of
these pathways so obviously as you see the remediation of any contaminated site is a resource
intensive job; as in right now as you see a lot of data is required and for that obviously you

need lot of resources right.

So, it is again resource intensive so obviously we would always try to look for or try to
promote measures that would stop such spills; or thus obviously if the relevant people who

manage the landfill paid greater attention at the time of laying the landfill and maybe if they



had impermeable layer or impermeable liner beneath the landfill and a particular leachate
collection system, so this level of resources and expenditure probably would not have been
required at a later stage. Again this is where we are. So concentrations are looked at and
different pathways are looked at and in some of them obviously it is not detected right. And
then based on these indicator scores and then again we rank the different compounds right
depending upon let us say various factors. And again keep in mind that various countries or

various states have their own ways at giving different weightages.

But usually it is again as | mentioned the level of toxicity or, you know if it is a carcinogen,
obviously they will consider it in general anyway, level of detection, level of frequency of
occurrence right.
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So, again moving forth, we are looking at hazard identification right. And then what else have

they looked at? They have looked at the EPA toxic rating, based on the weight of evidence.

Weight of evidence as in, how do we know whether a compound is toxic or carcinogenic?
We conduct tests on this laboratory animals right and then come up with what is the response
or the adverse effect that was noticed due to the particular dose, as in hair fall after dosage of
1 milligram per kg of body weight. | guess these are very random values, but | am just giving

you the example for the purpose of visualization.

So obviously you know you will have uncertainties out there so there are different levels of
evidence out there right. As you see out here and you know some might require further

testing and some might have insufficient data and so on. So, again this aspect was considered.



And what else have they considered for screening those relatively long list of chemicals?
They looked at what is the presence, if it is present in leachate, its presence in ground water,
its presence in, more importantly, the residential wells and then the number of media that it

was present.

So considering these factors they came up with a few of these compounds being chosen; let
us say arsenic and so on. So they did not obviously choose all the compounds, they looked at
the indicator compounds, if I can so call them. So obviously what did they look at? Some of
the rankings that they looked at earlier here from the previous case, the EPA weight of
evidence and its presence in different media or pathways and also the number of media and
they chose that. | think we have a list here:
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1. Based on scoring process 2. Someadditions by USEPA (underlined)
FINAL SELECTED INDICATOR CHEMICALS
( otential Ca[cmo e nC&lCange Potential Carcinogens Honrarcingg;ns

Arsenic Lead
Benzene Toluene _~
Benzo (a) pyrene

Bis-2-othylhexyl phthalate .~

Chloroforn
Chroojun
1,2-Dichloroethane
Nickel
Nenitrosodiphenylanine S

Tetrachloroethylene

hrsenle Lead
Benzene

Benao (a)pyrene

Chloroforn

1, 2=Dichloroethane

Nickel

Tetrachloroethene

So here we have the final indicators. So based on the scoring process, they chose carcinogens
and a few non-carcinogens or 1 non-carcinogen. So this is what they studied throughout.
And then what did EPA or US EPA suggest? Again EPA is the environmental protection
agency and so they suggested adding a few more compounds, and here they have the final list

of compounds that they need to consider for relevant action or for risk assessment.

| am just giving a brief idea about how things work. And then obviously we need to look at
exposure routes and characterization of human exposure points. So exposure routes as in,
what particular path or what pathways are leading to transport of this particular contaminant.
So what do we have here. We have ground water, surface water and sediment, air and soil.
(Refer Slide Time 11:55)



EXPOSURE ROUTES AND CHARACTERIZATION OF POSSIBLE HUMAN EXPOSURE POINTS

MATRIX OF POTENTIAL EXPOSURE PATHWAYS

— Nunber
Release/ ) of Potentially Pathwa; y
ransport Medium Hedium/Reloase Nechenise Exposure Point - Exposure Route Exposed Pecple Complote*

! ' 5

Ground Water Contaminated 3011 and Ne. 190 Yes

nges
e — site). Residences Tnhalat ton) \
fdentified In - ~
Table 2-8,

Surface Water Surface runoff/leaching Culvert on top o

Alr Contaminated sof! and Residences to east Inhalation 500 Yos
surface water/volatiliz- northeast .
ation

Sot) Sol1/Erosion On-site. Inhalation 20 Yos

*A complete exposure pathway. For example, If a release to groundwater 1s projected but there fs no groundwater use
(or projected use) of the affected aquifer, then the exposure pathway 1s incomplete.

" Approximately 50 homes have drinking water wells; the stendard USEPA multipller for household size is 3.8.
2
Current enrollment of Andrew Avenue Elementary School.

3
Catimate of population in households to the north-northeast of the proparty within approsimated radius of contaminant
transport.

.
Estimate based on number of truck drivers entering active landfil),

s
Residents having private wells have been provided bottled water, free of charge. In addition, there are plans to extend
the public water supply to this area.

And how can it go? For example, one example is that contaminated soil and waste leaching,
so here the contaminated soil or the waste leachates through to the ground water, we have
contamination of the groundwater and so on. Then what next, we have the exposure point
here; how are the humans being exposed or where though, what is the exposure route, for

example, ground water ingestion as in they drink the water.

Dermal, as in they are going to bathe with this particular ground water that is pumped out, so
dermal contact or contact through the skin and then absorption through the skin, that is one
point of way and then inhalation, let us say cooking with this particular ground water or
coming in contact with the relevant compound depending upon how volatile it is, you know
chang in phase from water to the gaseous phase, and then | can breathe the relevant

compound and thus be affected by it.

So in this context, let us say, ground water, we looked at few aspects | guess exposure points
and ingestion route as in | drink the water, if | bathe with it, let us say my skin comes in
contact and my skin can absorb the relevant compound and through inhalation. Again, for
different compounds, let us say, for if | take the case of skin contact or dermal contact, so not
all compounds will be taken in (absorbed) at the same rate, so obviously I am going to look at

those relevant standard values too, they are relatively available.

So estimated number of people that are exposed and is the pathway complete or are there any
missing links in the transport chain. So based on this | am trying to characterize the exposure
routes.
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Exposure Point
Chemical Relosse Med{um Exposure Point Concentrations

Arsenic Ground water Various (see text) ND-11 ug/1
Surface water Leachate (Sw-4) ND
Unnamed Stresm
(Sw-2, Sw-7) ND/ND
Sediment Unnamed Streem 2.82 mg/kg
(5-1)
Soit Leachate Seepage
Ares (S5-4) '_‘B
Benzene Cround water Various (see text) 1-200 ug/)
Surface woter Leachate 57.5 wg/)
Unnamed Stream NO/ND
(Sw-2, SW-7) e

EXPOSURE T e it e
ASSESMENT " .

Benzo(a)pyrene Ground water Various (see text) ND-S ug/1
Surface water Leachate
Unnamed Stream NO/ND
(Sw-2, Sw-7) -\
Sediment Unnamed Stream Qn()
(s-1)
Sof) Leachate Seepage
Area (SS-4) ND (1000) ug/kg

Bis(2-ethylhexyl) Ground water Varfous (see text)  ND-1600 ug/)
phthalate Surface water Leachate D, S—
Unnamed Stream NO/ND
(SW-2, SW-7) il
Sediment Unnamed Stresm ND (23084) ug/kg)
(s-1)
Sotl Leachate Seepage Xs
Ares (55-4) NO (62008) ug/kg

So once | move on to that, | need to look at what is the concentration at the receptor. So
earlier we looked at the concentration in the vicinity of the landfill, now I am going to look at
the concentration at the receptor.

Let us say | am the human living in the vicinity, | am the receptor, | am concerned about what
the concentration is at my particular point of view is, not what the concentration is at the
landfill. So obviously again for the chosen compound, arsenic, benzene and so on, we looked
at the exposure point concentration. So obviously if you try to look at or go back to the

relevant slides earlier, you see that the concentrations are either low or not detected.

So what does the mean, there has been some attenuation during the pathway as in by the
leachate reaching the groundwater and then reaching the receptor which is the human here.
So obviously these concentrations at the receptor are lower compared to the concentrations at
the landfill I guess right. Again, different cases, exposure points, great level of detail, we are
not going to go into that at that level of detail right now. So then obviously | need to
characterize the human health risk.
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Indicator Monftoring Concentration Dafly Intake s
Conteminant well (ug/1) (fq/ug/a.,)\ G-v 9/de

MP-11A 1 2.86 x 10'5 5.2 x
MP-11A 1.5 4.29 x 107% 8.1 x

benzo(a)pyrene MP-11A ND —

tetrachloroethene MP-11A ND - 5.1 x
1.2-dichloroethane MP-11A ND - 9.1 x
bis-2-ethylhexy!l £ "
phthalate MP-11A 136.4 3.90 x 10 6.84 x 10
N-nitrosodiphenylamine MP-11A 1.35 3.86 x 107 “.92 =
arsenic MP-11A ND
MP-11A 27 7.717 x 107
MP-11A ND

nnnnn ola)pyrens
strachlorcethane — — S

1.2-dichloroethane MP-12 39 1.1 x 1073 9.1 x 1072

bis-2-athylhexy! -2
phthala MP-10A 1600 .57 x 10 6.86 x

sodiphenylamine \Nw-4 61 1.7 x 1073 “.92 x

MP-8T 87 2.49 x 10”
Nw-u 60 1.7 x 1073 NA

So obviously from different monitoring wells, what is the concentratlon for different
compounds: representative case and conservative case, again, obviously | need to able to
estimate the daily intake; that | can get based on let us say, if it is with respect to ingestion,n
let us say, | know the average amount of water that a human consumes. So from that | can
come up with daily intake and based on the concentration | can come up with the actual mass
of the compound that is being taken in or can be taken in by that particular human exposed to

that particular compound I guess.

So obviously you know I have the slope factor here, this is from the standard data and so here
| calculate risk * 10, usually the thresholds are either 10“ or 10°. So depending on the
agency, if the risk is greater than either 10 or 10°®, it is deemed to be high enough such that
you need to take remedial action. So obviously here they are choosing the threshold I believe
to be 10° and the compounds that have relatively high risk are highlighted out here:

tetracholoroethene obviously has very high risk and again | believe it is arsenic.

So here after calculating the risk; risk will give me an idea or what will it take into account, it
will take into account the concentration that I am exposed to, the pathway and here, | believe
what am I looking at, in ground water; associated with potential carcinogens in ground water.
So the pathway, the type of compound and the amount that 1 am taking in and then it will

give me a particular risk.

So as you see now, | can try to have a relative comparison. | can understand let us say which
particular compound, that is present in ground water at those relevant levels right, obviously

not all compounds are present at the same concentration. So here we have different



compounds at different concentrations, different compounds have different levels of
carcinogenicity.

So the risk characterization takes that into account and obviously comes up with the
incremental cancer risk. As in what is the additional cancer risk that ingestion of this
particular ground water would pose to that particular human. So that is what we have here
and | guess this is something we are going to look at in detail during our particular course.
So again how do | calculate the lifetime cancer risk, obviously we have the slope factor for
that particular compound into this daily intake.

As you see, the units they cancel each other out and that is how | come up with lifetime
cancer risk and obviously I need to sum up all these risks to understand the cumulative risk
posed.
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POTENT IAL HEALTH RISKS ASSOCIATED WITH VOLATILE ORCANICS IN SHONER WATER

R|SK Carcinogenic Incrementa
CHARACTERIZATION Potency Cancer
HUMAN HEALTH Indicator Monitoring Concentration Daily Intake Slope “ Ml!s
Contaminant Well (ug/1 (mg/kg/day) (mg/kg/day) (x 10 )

Representative Case
NON-DRINKING WATER
USE benzene MP=11A 1.0 0.00003 2.6 x 10

chloroform MP-11A 1.5 0.00004 8.1 x 10 3
1,2-dichloroethane MP=11A NO . 9.1 x 10 -
tetrachloroethene MP-11A NO . 1.7x10
Conservative Case
-2
SHOWERWATER benzene NP9 200 0.005 2.6 x 10_z 130
chloroform NP-88 30 0.0008 8.1 x 10_1 65
Adult—70kg 1,2-dichloroethane P12 39 0.001 9.1 x 10 9
hi h * NO d 1.7 x 10 .
200L water---30m?room  “etrechioroethene *
VR Max, Residential Data
ED---20 mins daily for 2
T0years benzene w129 »n 0.0008 2.6 x 10 il
chloroform " NO - 8.1 x 10_z -
1,2-dichloroethane - ND . 9.1 x 10_3
tetrachloroethene w-131 187 0.005 1.7x10 9

.Cucinogmic potency slopes for inhalation route were adopted for this exposure pathway.
So again here, now | am going to look at non-carcinogens, earlier we looked at carcinogens.
We are now considering the case where ground water is again contaminated and 1 am

ingesting that ground water and |1 am looking at non-carcinogens.

Again concentration, daily intake, and acceptable daily intake or referenced dose and then |
am going to calculate the hazard index, sum is , | think Hazard quotient, how do | calculate
that, it is daily intake by the referenced dose or the acceptable daily intake. Usually the
threshold is 1. If it is greater than 1, if the sum of all the hazard index is greater than 1, that
means that | am taking way too much of the toxic compound and | need to look at the

relevant remedial measures.



So in general, as you see know though most of the individual risks are relatively low, but
there are still risk posed from some particular compounds that can potentially lead to
considerable toxic effects. So | guess | did highlight a few of those particular compounds.
Obviously the sum will be greater than 1, so obviously | need to, at this stage | can
scientifically come to a conclusion that individual compounds too pose unacceptable levels of
risk as we can see in this case of ethylhexyl phthalate, which I believe is a plasticizer.

And certainly the sum of all these risks will be greater than 1; that tells me that, alteast for
non-carcinogens or from point of view of toxic effects of non-carcinogens, | do need to
remediate the site. Again going forth, what do we have, potential risks associated with
volatile organics in shower water, a different kind of pathway. | am not going to go to that in
detail. So in different pathways, now we see that for now | guess benzene and chloroform
and 1,2 DCA, which are relatively volatile, the risks in this particular case, as in shower water
with relatively higher temperatures and such are remarkably high, which probably was not
the case here as you see in ground water.
(Refer Slide Time 20:04)
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Indicator Monitoring Concentration 1) Ao1 ol
& Well (ug/1) (mg/kg/day) (mg/kg/day) _ Source ADI

rosentative Cos.
chloroform MP-11A 0.75 2.14 x 107° 0.01 RID <o.oa

toluene MP=T1A 58 1.66 » 107 0.3 RO 0.006

bis-2-ethylhexy! ’
phthalate MP-11A 136.4 3.90 x 10 0.02 REO  0.195

RISK ac
- =

CHARACTER'ZAT'O chromium MP-11A 27 6.57 = 10 0.005(V1) HEA (?.131‘

N lead MP=11A ND - 0.0014 HEA -

HUMAN HEALTH nickel WP-11A no - 0. HEA

Conserva tive Case

DRINKING WATER USE chloroform up-88 30 8.57 x 107" 0.0 reo Yo.09
-3

Subjecl. toluene MP-11A 1o 3.14 x 10 0.3 RfD 0.01

adult 70 kg Bia-2-ethylhexy! ) ; o

breathing - 20m*/d phthalate 7 WP-10A 1600 4.57 x 10 0.02 reo  (2.28

drinking -- 2 LId et

chromi um NP-8T 87 2.49 x 10

0.005(V1)  HEA (o.sB>

lead MP-3M n 3.14 x 10 0.0014 HEA . 0.22

nicke! N4 60 1.71 x 10° 0.1 HEA  0.017

ND - Not detected
RID - USEPA verified reference dose P \
HEA - USEPA Health Effects Assessment Document

As in for chloroform in the conservative case, we see that the risk is around 0.09, but for
chloroform in the case of shower water we see that the risk posed is remarkably high. It is
incremental cancer risk, | should not compare it with here. So | look at the cancer risk here,
chloroform that is standing out to be 69.4 okay, they are comparatively high and are pretty

high. This is from the cancer risk and again bath water and so on.



Again what do we have here, we are trying to analyse different pathways, so when | sum up
all the risks associated with that pathway, then I will be able to understand or come up with
an idea about which pathway, is it through bathing or through shower water contact with my
skin that | am exposed to the greatest adverse effects or potential adverse effects or is it
through the drinking water.

So again this level of risk characterization and risk assessment will help me understand those
aspects now. So moving on, let us say, depending upon the relevant analysis we are going to
do during our course, we are then going to come up with different alternatives.
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ALTERNATIVES

. Alternative 1 - No action (with monitoring) &—

* Alternative 2 - RCRA cap, leachate collection, ground water pumping, on:site
treatment of leachate and ground water. =

* Alternative 3 - RCRA cap, leachate collection, ground water pumping, on-site pre
treatment and off-site treatment of leachate and ground water at POTW.

* Alternative 4 - RCRA cap, I_eachate collection and on-site leachate treatment.

* Alternative 5 - RCRA cap, leachate collection , on-site pre-treatment and off-site
treatment at POTW.

* Alternative 6 - Excavation/@neration onsitd, disposal of residuals in onsite RCRA
andfill)ground water pumping and treatment, restoration of the sitg.

So here obviously we are not going to go into that at that level of detail. So here, one aspect
is doing nothing. Let us say if it is a remote location and the risks associated are less, that is
one aspect that you can certainly choose, but usually obviously for looking at the no action
alternative will let you come up with the relevant costs and risks for relative comparison,

right. So that is one aspect. The other one is cap.

A cap on the particular landfill so it will limit formation of the leachate, leachate collection,
ground water pumping and onsite treatment of leachate and ground water. Another one is
onsite pretreatment and offsite treatment more or less 2 and 3 are in conjunction, again onsite
treatment, leachate collection. As you see here, we are coming up with different alternatives

more or less they are geared towards pumping the leachate out and then treating it.

Again we are going to look at that in greater detail later on, but the other aspect that is

relatively unique is it says that incineration onsite, and disposal of residue onsite in a landfill



or hazardous waste landfill and then ground water pumping, treatment and restoration of the
site. So here on one hand you have more of the same kind of alternatives which look at more
or less pumping out the ground water, having a cap so that the landfill will not be exposed to

any rainfall or snow in that particular area and again treating the ground water.

The other one is again incineration of the relevant contaminated soil and then disposal of
residual on a landfill, again more costs, and again ground water pumping and so on.

So how do we go about choosing between different alternatives, let us see. Again more
alternatives here, we are not going to go through that, major aspects being incineration
offsite.
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* Alternative 7 - Excavation, @meratlon off- SlDNith disposal of residual off-site,
restoration of the site. o

* Alternative 8 - Excavation, disposal in an on-site RCRA landfill, leachate collection and
treatment, and restoration of the site.

* Alternative9 - Excavation, dlsposal in an off-site RCRA landfill, restoration of the site.

* Alternative 10 -( Soil t/ushmg legchate collection, ground water pumping and
treatment of leachate- water ¢ on5|te

* Alternative 11 - RCRA caQsltu brodegradatlo Ehate collection and ground
water pumping and treatment———

| carry the contaminated soil offsite and then incinerate it. The other one is soil flushing or
soil washing if I can call that and the other one is insitu biodegradation similar to what we
talked about with respect to the ground water contaminated by chromium in the Ghaziabad
case. So major aspects, combination of such aspects are different alternatives.
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Applicable Remedial ——————_______ Remedial Alternanv;x_,kﬁ

Technologies (1 2 3 [] 5 6 1 8 9 01
e - g -

Multimedia Capping X X X X X
Soil Cover X
Onsite and/or offsite ground water pumping X b4 y X X
Leachate Collection 3 X X X X X X
Drainage ditches X X X X X X X
Gas collection systems X X X X X X
Gas ventilation systems X X X X X X
Grading X X X X X X X X
Revegetation X X X X X X X X
Diversion channels X X X X ¥ X X

So how do | go about that, obviously I need to look at various factors. So here obviously 1
am going to look at different cases here, as in all the alternatives are listed here 1 to 11, that is
the number of alternatives that we just considered and we are going to look at let us say what

are the aspects involved here.

So that we know the amount of resources that we are going to look at or possibly involved
and also going to look at the practicality of this particular remedial options in addressing
those particular risks. So that is what we see here.
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Applicable Remedial Remedial Alternatives

ecalogies T 1 1 ¢ 5 610 1 &1
Excavation X X x X
— — _— p -
Incineration X X
Leachate and vater X X X X X X

treatment

Odor and ODust Control ) X X X XX x x X X B
_lmt/ mty ( X \b
Off-site treatment of X X X o

leachate and ground vater

RCRA landfill X X X
Mditional hydrogeologic X

investigations

Yonitoring X X X X X x x x X X X
No action X

Public Water Supply X X X X X X X x X X X

And then again available remedial technologies, can this particular aspect meet your
particular alternative and so on, so we are going to look at that. As you see, odor and dust



control will be met by most of the alternatives, insitu treatment will only be met by a few
alternatives and so on. Why would you consider insitu or ex-situ or offsite because
transportation cost and also potential contamination of the air during excavation and
transportation. So again we are not going to go into great detail here, but we are just trying to
compare different aspects here with respect to the alternatives.
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SCREENING OF REMEDIAL ALTERNATIVES

INITIAL SCREENING OF ALTERNATIVES FOR IMPLEMENTABILITY

Alternatives
Il Tementabi ity Screent :mm.l @ e 3 » i85 6 1 8 5 w0 on

A Isaffoctive perforaence of the

alternative expected! g yes yos o yes yes yes e yes no no

8. Inmaluml|vtlollg;lﬂ —> ™y yo yet  yes o N0 "o yoo yes __ no _n

C. Is the alternative {mplementable? yes yn ™ yes yer yes yes yes yes yes yes

0. Is the alternative sofe to

(mplement? . yes yos yo yes yes no no no no yes yes

Alternatives: + No Action with Monftoring 0ffsite Incineration

1 1.

2. Cop, leachate and ground water treatment onsite 8. Onsite RCRA Langfil)

3. Cop, leachate and ground water treatment at POTY 9. Offsite RCRA Landfil1

N, Cap, leachate treatment onsfite 10, Sol1 Flushing, ground mater pumping and treatment onsite
5. Cap, leachate treatmwent at POTW 11, In=sity blodegradation

6. Onsite Incineration

-

So again moving on to implementability of screening criteria, what are they looked at,
effective performance of the alternative expected, how effective it is, looks like 1 is no and

most of the others are yes and 10 and 11 no.

Is the alternative reliable? Obviously something that you put in should be reliable in long
term. So in that context again they looked at different alternatives, the 1 to 11 that we looked
at, is it practically implementable depending upon the site conditions out there, is it safe to
implement. During the course of remediation | should not lead to further contamination of
the site.
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SCREENING OF REMEDIAL ALTERNATIVES

INITIAL SCREENING OF ALTERNATIVES FOR IMPLEMENTABILITY

Alternat!ves
Il Tementabi ity Screent mzm.l @ 4 3L o i85 6 1 & 5 w0 o

A Is affective performance of the

-

alternative expected! 7 B e yo " yes yes yes yes yes Q no
—— s = o e o o D
B. s the nlumllulullg;w —_—> oy y M yer — ho— M- yoo yes___ no _n
C. Is the alternative {mplementable? yes yn ™ yes yer e yes ye yes yes yes
0. Is the alternative sofe to
foplement? T yes yes yo yer yes no no no no yes yes

Alternatives: 1. No Action with Monftoring 7. 0ffsite Incineration

2. Cop, leachate and ground water treatment onsite 8. Onsite RCRA Langfil)

3. Cop, leachate and ground water treatment at POTY 9. Offsite RCRA Landfil1

N, Cap, leachate treatment onsite 10, Sol1 Flyshing, ground mater pumping and treatment onsite

5. Cap, leachate treatment at POTW 11, In=sity blodegradation

6. Onsite Incineration

-

So based on these aspects obviously, all the 11 alternatives are again considered.
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INITIAL SCREENING OF ALTERNATIVES FOR EFFECTIVENESS IN ENVIRONMENTAL PROTECTION

—— Alternatives
vl romental Screening friterfa i 2 3 o S & 1 8 KRN
. A WD the alternative lwprove
\\‘\/ the enviromental qual ity of
the following media:
1. ground water? "o yos L yo ™ L) yor yos o yes L
1. wrface water/sediment? o yes yos yo yes yes yes yes yes yor yer
Lot o L] yo yo o e yes ¥ e o yos
B, W11 the alternative covse new
afrborne emissions (vehicle
eolaslons, particulates,
uncontrolled emfssions,
treatment enfssions)? o yes o ye ye L) yes yes ye yo yo
€. NI1Y the alternative cause o new
dlacharge which 13 detrinental to:
1. ground mater? "o L) L) no o "o "o no "o "o o
2. surface mater? no n L no L no o no o "o "o
0. WINI the alternative result in o
known of espected signlficant
adverse effect on the environment
or human use of environmental
resources! yo ~n "o o o no o no "o "o no

Alternatives; 1. Mo Action with Konitoring 7. 0ffafte Incineration
2, Cap, leachate and ground mater treatment onsite 8. Onsite RORA Langfil)
3. Cap, leachate and ground mater treatment at POTY 9. Offaite RCRA Landfi1)
A, Cop, leachate treatment onsite 10, Sofl Flushing, ground water pumping and treatment onsite
5. Cap, leachate treatment ot POTY 11, In-sity biodegradation
6. Omite fncineration

And then obviously the major aspect is the public health screening criteria, alternative
minimize or prevent exposure to contaminated ground water, surface water and so on, so they
look at or analyze different particular alternatives and again different public health screening

criteria.

So obviously what do we need to balance, we need to balance the effectiveness of
remediation which is what we see here in the public health screening criteria and also the
practical aspects right, so those are the aspects that are looked at but during our course though
we are going to look at the technical aspects as in trying to understand can a particular

alternative meet the requirements or how effective is it in reaching your remediation goal.



So that is something that we are going to look at. So moving on, now we have with respect to

the environment, earlier we had it with respect to the human health and now here we have the

screening criteria with respect to the environment, again more such criteria and so on, for

example improve the environmental quality of ground water, surface and so on. | am going

to skip this.
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SUMMARY OF RESULTS OF INITIAL SCREENING

Passes Passes

7
Passes Public (nv;:wcn:.V |-,|.-mmmy/ for further
Screening

Remedia) Alternative Health Screening Sereening

1, No Actfon (with monitoring) "o no o

. Cop, leachate and ground o yer yo
witer treatrent onsite

. Cop, leachate and ground yes yos o
mater treataent at POTY

A, Cop, Teachate treatrent o ™ ™
onite

S, Cop, Yeachate trestsent ™ " ™
at POy

6, Onsfte Incineration, disposel " ™ "

1 an onslte RCRA 1angfi11

'+ Incineration and dispose! n no no
offaite

. Onsfte RCRA Tandfil] L) L no
. Offalte RCRA Tangfi11 no no no

L Sof1 Flushing, leachate "o no no
and ground mater treatment

. In=sity blodegradation, caps, o yo I
Teachate and ground water
treataent

Included

Evaluation

o
yo

I

I

o

)

And then what do we come up with, so passes health screening, passes environmental

screening and passes implementability screening. Again, practical aspects and human health

risk assessment aspects or adverse human health aspects and then environmental screening

aspects; so based on that they come up with let us say a few particular alternatives as being

considered and a few alternatives are screened out right at this preliminary stage.
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Lifetime=30 years SUMMARY OF INITIAL COST DATK

Present Discount
Worth Rate=15%

Remedial Alternative Ga[nal Coéis'j\ anua] 08M )

.| No Action S0 $ 216,000

2, | Cap, leachate $12,600,000 $ 536,000
collection, ground —

water recovery,

onsite treatment

3, |Cap leachate $13,400,000 $1,210,000
collection, ground

water recovery,

offsite treatment

4, |Cap, leachate $12,000,000 § 320,000
collection, onsite )

treatment T
@ Cap, leachate $12,200,000 $ 294,000
|7~ |collection, e ? =

offsite treatment

. site incineration

n;ui\}‘m- \
egradation

$60,500,000 $4,040,000
$17,300,000 3,440,000

$ 2,030,000

§17,600,000
$21,400,000 $
o %
< = } 0
$15,000,000 ‘

¥;/
$15,000,000 i) o

$85, 300,000 WP
$49,700,000



So what next? So obviously the resources, that is something that you need to look at and here
let us say they have, based upon the 7 alternatives that | have further chosen, they look at
capital cost, annual operation and maintenance cost and present worth, that is something we

are not going to look at, so obviously you know capital cost are relatively comparable right.

For most of these particular alternatives as you see, but if you are coming to operation and
maintenance cost as you see having the cap and collecting the leachate and then onsite
treatment of the leachate or the ground water, the costs are relatively low compared to onsite
incineration or biodegradation. So annual costs here are almost let us say 10 times higher
with respect to 6 and 7 alternatives compared to the alternatives 4 and 5. So here is where let

us say the management needs to take a decision.

Here you have costs that are exponentially high, 10 times high is almost infeasibly high, so
obviously here we have relatively less invasive techniques in insitu biodegradation | guess.
So here they are now going to take a decision based on the relevant effectiveness in
addressing the human health risk concerns and then the costs and go forth with choosing an

alternative.

To my knowledge they chose number 5; they chose number 5 as in they are going to put a
cap over the landfill and then they are going to extract the leachate based upon strategic
placement of these extraction wells. As you remember we had the landfill in this shape, |
believe and we had extraction wells out here and we also had monitoring wells out here and |
am pretty sure near the human receptors too, and so on; extraction wells and then pumping it
out and then treating it, and then sending this particular treated effluent to the municipal
waste treatment plant again; so they are treating it twice more or less but pretreatment of the
particular heavy metals and the chlorinated solvents; and during this course they are going to
spend money obviously on providing safe or portable drinking water to the relevant

population out there.

So this is how we go about looking at different aspects when it comes to contaminated sites
or remediation of contaminated sites. So in this course as | mentioned we are going to look at
some aspects in greater detail. So let us look at what they are.
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Week 1
I Introduction
1. Laws, Regulations and Remediation
Legal Concepts
Types of Law
Regulations
Federal
State <

@ o | e o
So week 1 or maybe during the final week let us say we are going to look at what are the
different laws and regulations in this context. Let’s say in our context or the Indian context,
maybe we will spend some time on comparing how we fare with respect to the level of
regulation that the western countries have, so we are going to look at our particular case
mostly. | mean obviously we need to know what are the legal safeguards that are in place.
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Week 2
Laws/Regulations

Histor
mms

RemediationProcess
(_Definition of hazardous waste

Waste Classification
Corrective Action

NPTEL ONLINE
. T ROORKEE CERTIFICATION COURSE

So that is something we are going to spend some time with and then again the relevant
aspects with respect to history primarily. And then in this context obviously this is a major
aspect we are going to discuss as in, definition of hazardous waste. | mean what is
hazardous, how do you classify a compound as hazardous; so that is something that you need
to look at; obviously you know you have municipal wastes and you have the hazardous
wastes. This is a category by itself that is something we are going to discuss.
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Week 3
Risk Assessment

Introduction
Terminology
History

Steps in Human Health Risk Assessment
Data Collection and Evaluation
Exposure Assessment ~

Toxicity Assessment

Risk Characterization

Risk Management

Risk Communication
Ecological Risk Assessment
Risk-based Corrective Actlon

NPTEC ONUNE
‘ 1TROORKEE CERTIFICATION COURSE

Then we are going to move on to risk assessment right as in introductory aspects and then
human health risk assessment, we looked at these aspects in great detail and ecological risk
assessment and based on the risk that you calculate you need to take the corrective action. So
that is something that again we are going to look at I guess. So I guess due to lack of time |
am going to wrap up here and I guess | will start looking at the relevant aspects from the next
session while also finishing up the relevant outline, right, so I guess with that I bid adieu and

thank you.



