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Radium was discovered by Marie Sklodowska and Pierre Curie (1898)
in a uraninite sample. While studying the mineral earlier, the Curies

removed uranium from it and found that the remaining material was
still radioactive.

Radium is highly radioactive when ingested, 80% of the ingested
radium leaves the body through the feces, while the other 20% goes
intfo the bloodstream, mostly accumulating in the bones. Exposure to
radium, internal or external, can cause cancer and other disorders,
because radium and radon emit alpha and gamma rays upon their
decay, which kill and mutate cells.
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eep that health you must keep Nature's laws. They are simple and easy

keep; but if they are broken Nature exacts a heavy penalty from each

and every one. Get p f sleep, exerc and wholesome fun. Avoid
overwork, all other excesses, eat fresh, natural foods, breathe fresh air
plenty of fresh, invigorating, natural radioactive water from the Radium-
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The product range, used to includ a cleansing milk, skin cream,
powder, rouge, lipstick and toothpaste, was called Tho-Radia as it
contained thorium chloride and radium bromide, both of which are
radioactive.
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THO-RADIA

TEUR ALFRED CORIE

llas, there’s a reason she’s glowing,
.and it's not luminous beauty

A DAY CREAM
possessing Radio - active

VANISHING CREAM




Chockaholics aren't left out, Radium is everywhere. The ads
claimed eating a block would make you look younger.
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Lead is one of only a few elements known to ancient peoples.

Throughout history, Lead has been used to make water and sewer
pipes: roofing; cable coverings; type metal and other alloys; paints;

wrappings for food, tobacco, and other products; and as an additive
in gasoline.

Lead is a moderately active metal. It dissolves slowly in water and
in most cold acids. It reacts more rapidly with hot acids.
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Exposure : Sugar of Lead (Pb(II) Acetate)
The first artificial sweetener

Water system - plumbing (Pb) . Tap
water from ancient Rome likely
contained up to 100 times more lead
than local spring water (Delile et al,
PNAS 2014)

Mining

Processing

Atmospheric release

Tools (utensils and cooking pots)
wine boiled down in lead pots
Paints and cosmetics




Once inside the body, Pb
interferes with the propagation
of signals through the central
nervous system, and it inveigles
its way into enzymes, disrupting
their role in processing the
nutritious elements zinc, iron and
calcium

The Romans were aware that
lead could cause serious health
problems, even madness and
death. However, they were so
fond of its diverse uses that
they minimized the hazards it
posed.
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did you know?

digyouknowblog.com

The expression "mad as a hatter"
comes from workers in 19th century
England who were often poisoned
by mercury in the felt they
used to make hats, which made
them completely delusional.
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Photo Credit: kardsunlimited Q & blOg com
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Soeme of the steps in the manufacture of felt
hats.are illustrated in this image from 1858.

The true origin of the saying relates to a disease peculiar to the hat making industry in the 1800s. A
mercury solution was commonly used during the process of turning fur infto felt, which caused the
hatters to breathe in Hg fumes. This led in turn fo an accumulation of mercury in the workers' bodies,
resulting in symptoms such as trembling (known as “hatters' shakes"), loss of coordination, slurred
speech, loosening of teeth, memory loss, depression, irritability and anxiety -- "The Mad Hatter
Syndrome."
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Exposure to mercury, even in small amounts, is a great danger to humans and
wildlife.

When mercury enters the body it acts as a neurotoxin, which means it harms
our brain and nervous system. Mercury exposure is especially dangerous to
pregnant women and young children, but all adults are at risk for serious
medical problems.

Explanation
Statewide Advisory
| Other States with Mercury

Advisories

States with Coastal
Advisories

The EPA Web site for this information is:
http://www.epa.gov/ost/fish
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The Shrinking of the Aral
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Source: Philippe Rekacewicz, An Assassinated Sea, In Histoire-Géographie, Initiation économique, page 333, Classe de
Troisieme, Hatier, Paris, 1993 (data updated in 2002); L éfat du Monde. 1992 and 2001 editions, La Découverte, Paris.
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DDT

DDT is an organochlorine insecticide that was
first synthesized in 1874

DDT's insecticidal action was discovered by the
Swiss chemist Paul Hermann Muller in 1939.

DDT was initially used by the military in WW 1II to
control malaria, typhus, body lice, and bubonic
plague. Cases of malaria fell from 400,000 in 1946
to virtually none in 1950.

The reason why DDT was so widely used was
because it is effective, relatively inexpensive to
manufacture, and lasts a long time in the
environment

Muller was awarded the Nobel Prize in Physiology
or Medicine "for his discovery of the high
efficiency of DDT as a contact poison against
several arthropods” in 1948.




DDT was banned for agricultural use
worldwide by 2001 because it
persists in the environment,
accumulates in fatty tissues, and can
cause adverse health effects on
human and wildlife.

DDT is an endocrine disruptor. It is
considered likely to be a human
carcinogen although the majority of
studies suggest it is not directly
genotoxic. DDT is classified as
"moderately hazardous" by the World
Health Organization, based on the rat
oral LD50.
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Effect of DDT Use in Borneo

In the early 1950's the people in Borneo, suffered from Malaria the World Health
Organization had a solution, kill the mosquitoes with DDT. This is what happened.
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FIGURE 1
Schematic of granular subsurface environment?
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TABLE 1
Relatively well-documented organic contaminant plumes in sand-gravel aquifers®

Contaminant mass
dissolved in plume (as
Site location Predominant Plume volume equivalent NAPL volume in liters
and plume map contaminants® (liters)© or 55-gal drums)*

Flo;——-—o
Ocean City, NJ chemical TCE 5,700,000,000 15,000 (72 drums)
plant TCA
PER

Mountain View, CA electronics TCE 6,000,000,000 9800 (47 drums)

- planis TCA

Cape Cod, MA sewage TCE 40,000,000,000 1500 (7 drums)y’
infiltration PER

Q beds Detergents

Traverse City, MI aviation Toluene 1000 (5 drums)
fuel Xylene
= storage Benzene

Gloucester, ON special 1, 4 Dioxane 102,000,000 190 (0.9 drum)
Canada waste Freon 113
° landfill DEE, THF

San Jose, CA electronics TCA 5,000,000,000 130 (0.6 drum)
plant Freon 113
1, 1 DCE

Denver, CO trainyard, TCE 4,500,000,000 80 (0.4 drum)
airport TCA

q pBCP

* Readers aware of other well-documented cases for which reliable estimates of contaminant mass distribution and organic carbon content (f,.) of
the agufer solids are available are encouraged 10 contact the authors, who plan %0 expand this compendium

b TCE =trichloroethylene; TCA =1, 1, 1 trichloroethane; PER = per-, i.e., letrachloroethylene; 1, 1DCE = 1, 1 dichloroethylene; CHCL3 = chloroform;
DEE = diethyl ether; THF =tetrahydroluran; DBCP = dibromochlcropropane

¢ Approximate estimates derived from plume length, groundwater velocity, contaminant concentration distributions, stc., provided for illusirative
purposes only. Estimated contaminant mass accounts only for the dgissolved phase (i.e., does not account for contaminant sorbed t quifer
media throughout the plume or for NAPL contaminant, if any, from the sources). Most of basic data is from unpublished sources, data on three
plumes are published (13, 27, 28, 29)

4 This mass estimate is for the halogenated contaminants only (i.e., detergents are excluded).
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Medicinal products for Medicinal products
human use for animal use

Excretion waste disposal excretion

(onivate households) (unused medicine) :I

municipal waste water domestic waste Y manure

l. .......................................... }‘ ]
sewage treatment | )/ Sewage |..- .
plants (STPs) ‘ sludge's waste disposal site ‘

Surface water AT v
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pharmaceutical D"nkmg water
production plants
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zrxuzzmmm Orjgins and Fate of PPCPs' in the Environment

'Pharmaceuticals and Personal Care Products | U.S.Environmental Protection Agency

: Office of Research and Development
- OTC P .
oo 4 National Exposure Research Laboratory

P Environmental Sciences Division
- Nutraceuticals
Environmental Chemistry Branch

u « Usage by individuals (1a) and pets (1b):
Metabolic excretion (unmetabolized
parent drug, parent-drug conjugates, and |
bioactive metabolites); sweat and vomitus. Jucts
Excretion exacerbated by disease and slow-dissolving PRoVP )
medications ico” e%P°s‘"e‘
* Disposal of unused/outdated medication to sewage systems 2
* Underground leakage from sewage system infrastructure S et [7) « Disposal to landfills via domestic refuse,
* Disposal of euthanized/medicated animal carcasses serving as food for scavengers (1c) o3 medical wastes. and other hazardous wastes
* Leaching from defective (poorly engineered) landfills and cemeteries
* Release of treated/untreated hospital wastes to domestic sewage systems
(weighted toward acutely toxic drugs and diagnostic agents, as opposed to long-term (8] «Release to open waters from aquaculture (medicated feed and resulting excreta)
medications); also disposal by pharmacies, physicians, humanitarian drug surplus * Future potential for release from molecular pharming (production of therapeutics in crops)

* Release to private septic/leach fields (3a) ) R o [8) «Release of drugs that serve double duty as pest control agents:
« Treated effluent from domestic sewage treatment plants discharged to surface waters, re-injected examples: 4-aminopyridine, experimental multiple sclerosis drug = used as avicide;
into aqmtcr\s (recharge), recycled/reused (irrigation or dU'I‘CS{'? uses) (Sb) warfarin, anticoagulant > rat poison; azacholesterol, antilipidemics = avian/rodent repro-

« Overflow of untreated sewage from storm events and system failures directly to surface waters (3b) ductive inhibitors; certain antibiotics = used for orchard pathogens; acctaminophen
o . o . o analgesic —>brown tree snake control; caffeine, stimulant = coqui frog control

« Transfer of sewage solids ("biosolids") to land (e.g., soil amendment/fertilization)

« "Straight-piping" from homes (untreated sewage discharged directly to surface waters) [19) Ultimate environmental transport/fate:

* Release from agriculture: spray drift from tree crops (c.g., antibiotics) ) + most PPCPs eventually transported from terrestrial domain to aqueous domain

* Dung from medicated domestic animals (e.g., feed) - CAFOs (confined animal feeding operations) « phototransformation (both direct and indirect reactions via UV light)

« physicochemical alteration, degradation, and ultimate mineralization

« volatilization (mainly certain anesthetics, fragrances)

« some uptake by plants

* Discharge of regulated/controlled industrial manufacturing waste streams « respirable particulates containing sorbed drugs (c.g., medicated-feed dusts)
* Disposal/release from clandestine drug labs and illicit drug usage

Christian G. Daughton, U.S. EPA-Las Vegas March 2006 http://epa.gov/nerlesdl/chemistry/pharma/images/drawing pdf
(original February 2001) from: http://epa.gov/nerlesd]/chemistry/pharma’

* Direct release to open waters via washing/bathing/swimming
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Non domestic points
Industries, Hospitals,

Services
Drinking Water Sewer  Direct
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Septic tank
Diffuse pollution
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S. Mompelat et al. / Environment Intemational 35 (2009) 803 -814




PPCPs in wastewater

Occurrence of psychoactive stimulatory
drugs in wastewaters in north-eastern
Spain. Huerta-Font2!lz 2t 2l ( 2008) Sci. Tot.
Enviror.

“ost of the studied controlled drugs (&
out of 11) were found in both influent and
effluent samples from several wastewater
treatment plants. Cocaine and its metabolite
were detected in  wastewaters at
concentrations ranging from 4 ng/L to
47 p2/L and from 9 ng/L to 7.5 vg/L
respectively  ‘while  conrortjiions  of
amphetamine type stimulatory drugs ranged
from 2 to 688 ng/L”..”From the total
concentrations  found in  wastewater
influents estimations of the cocaine and
ecstasy consumption were performed. For
cocaine the results were approximately 14
doses per 1000 inhabitants (15-64 years
old) per day and for ecstasy, approximately
4 doses per 1000 young adults. (15-
34 years old) per day for ecstasy.”’

Barbiturates have been widely used as
sedative hypnotics in the mid-1960s and
since then mainly as veterinary drugs. An
average concentration of 0.53 g/l
barbiturates was detected in all

samples investigated in the river Mulde

(Germany) Peschka et al., 2006, ES&T.
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Maximal concentration

utic u u u
Therapeutic use Compound detected (ng/L) Country
Antibiotics Triclosan 734 USA

Anticonvulsants Carbamazepine 24 / 140-258/43.2/60 Canada/ USA/France/Germany
Dilantin 1.9 USA
Primidone 40 Germany
. , Amitryptilline 1.4 France
Anfldepres§anfs, antiz Diazepam 10/23.5 UK/Italy
anxiety
Meprobamate 5.9 USA
Antineoplastics Bleomycin 13 UK
Iodinated X-ray contrast Diatrizoate 1200 Germany
media Iopromide < 50 Germany
Lipid regulators Bezafibrate 27 Germany
Gemfibrozil 70 Canada
Acetaminophen 210.1 France
AMDOPH 900-1250 Germany
N S WL Diclofenac 6-35/2.5 Germany/France
inflammatory drugs LA g Getigarny
(NSAIDs) and analgesic Ibuprofen 3/0.6/8.5/1350 Germany/France/Finland/USA
and analgesics Ketoprofen 8.0/3.0 Finland/France
PDP 0.24 Germany
Phenazone 250-400 Germany
Propyphenazone 80-240 Germany
Opioidanalgesics Codein 30 USA
Psycho-stimulants Caffeine 60-119 USA
22.9 France

S. Mompelat et al. / Environment Intemational 35 (2009) 803 -814
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Number of pharmaceuticals
detected In surface water,
groundwater, tap water,
and/or drinking water

1-3
4-10

11 - 30

B 31-100

B 101 - 200
no data
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Number of pharmaceuticals
detected in sewage, WWTP
inflow, effluent or sludge
1-3
4-10
B 11-30
B 31-100
B 101-250

no data
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Pump & Treat

Contaminated groundwater is pumped to
the surface using a series of extraction
wells, where it is subsequently treated to
remove the contaminants, and then either
reinjected into a groundwater aquifer or
discharged info a nearby watercourse.

Surface freatment technologies often
include liquid phase granular activated
charcoal and air stripping.

The well design, pumping system, and
treatment are dependent on the site
characteristics and contaminant type. It
is not uncommon to find many wells
extracting groundwater at the same
time. These wells may be screened at
different levels to maximize
effectiveness.

+ Netus and edantof
rtamnaton defred

+ Contanmentsy3ams
cesgred

+ Nearsurace

Figure 6. [Iterative phases of site characterization andremediation
(modified from U.S. EPA, 1993a; NRC, 19594).




Applicability
Pump-and-treat systems remove groundwater contaminated with a
variety of dissolved materials, including volatile and semi volatile organic
contaminants, fuels, explosive and dissolved metals.

Injection Treatment Facility
el anain

— : — ]
| | | | | f == — -t-— Water Table
N : = . Under Pumping
Overburden  Sand Sit Clay Bedrock  Flow Line Conditions

Figure 1. Example of a P&T system (after Mercer et al., 1990).




Pump-and-treat  systems
often tfake a very long
time (e.g., 50 -100 years)
to meet cleanup goals.

Pumping depresses the
groundwater level, leaving
residuals sorbed to the

soil. After the
groundwater level returns
to its normal level,

contaminants sorbed onto
soil become dissolved. This
phenomenon is  called
“rebound” . Rebound tests
should be  performed
frequently in the first few
years after the system is
turned off, and after
major  precipitation or
flooding events.

Limitations and Concerns

Hypothetical examples of contaminant removal from aquifers?

(a) Uniform sand-gravel aquifer”

Contaminant concentration in extracted
waler
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Exhibit VII-4
Iniital Screening for Air Sparging Effectiveness

Permeabllity of Soil

Ineffective M“éeﬁ‘:‘fh‘gn'g's"s'ma' Effective

Intrinslc Permeabllity, k (cm?)
107 107" 107" 107" 0% 10 107 107

Clean Sand

Vapor/Dissolved Phase Partltioning

Moderate to Minlmal
Effectiveness

Bolling Polnt (°C)
Nonvofatlie 300 250




Exhibit VII-16
Air Sparging/Soil Vapor Extraction Well Configurations

Extraction

a) Spaced Configuration

L EEEEFEEEEEE T [I

¢) Horkzontal Wells d) Combined Horlzontal/Vertical Wells
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Technology Examples Benefits Limitations Factors to consider
Most cost efficient
B Noninvasive Environmental f : ps
’ W Relatively passive constraints Biodegradative abilities
. § oReqegiaion Natural Extended treatment of indigenous
In sty Blosparging attenuation time microorganisms
b aing processes Monitoring Presence of metals
aRr9agl T ation Treats soil and difficulties and
feator other inorganics
Environmental
Space requirements parameters
Exfendeq1Tea+menf Biodegradability of
Cost efficient Need :”ne trol PG
- ost efficien eed to contro . A
Landfarming il oy, Chemlcgl solubility
Ex situ Composting b Geological factors
Biopiles Gag e ol lgss Distribution of
site Mass transfer pollutants
problem
Bioavailability
limitation
Rapid degradation
Kinetic
AR . . See above
Optimized Soil requires Bi !
i . ioaugmentation
Slurry reactors environmental excavation Toxicity of
. parameters Relatively high cost
Bioreactors Aqueous Enbafices: misE 4 amendments
reactors P . Toxic concentrations
transfer Relatively high
; : of
Effective use of operating cost ,
4 contaminants
inoculants

and surfactants
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Processes mediated by plants for treating environmental problems

Phytoextraction - uptake and concentration of substances from the
environment into the plant biomass.

Phytostabilization - reducing the mobility of substances in the environment,
for example by limiting the leaching of substances from the soil.

Phytotransformation - chemical modification of environmental substances as a
direct result of plant metabolism, often resulting in ‘their inactivation,
degradation (phytodegradation) or immobilization (phytostabilization).

Phytostimulation - enhancement of soil microbial activity for the degradation
of contaminants, typically by organisms that associate with roots. This
process is also Known as rhizosphere degradation.

Phytovolatilization - removal of substances from soil or water with release
into the air, sometimes as a result of phytotransformation to more volatile
and / or less polluting substances.

Rhizofiltration - filtering water through a mass of roots fo remove tfoxic
substances or excess nutrients. The pollutants remain absorbed in or
adsorbed by the roots.



Cosolvent/surfactant enhanced dissolution

Chemical extraction does not destroy wastes but is a means separating hazardous
contaminants from soils, sludges, and sediments, thereby reducing the volume of the
hazardous waste that must be treated. The technology uses an Extracting chemical
and differs from soil washing, which generally uses water or water with wash-
improving additives. Commercial-scale units are in operation. They vary in regard to
the Chemical employed, type of equipment used, and mode of operation.

PCE Spill Cosolvent Extraction

Injection Well Recovery
Ethanol Flush Well

90% + Mass Removal ' :

Residual Contaminants Bioremediation




Factors that may limit the applicability and effectiveness of the
process :

Some soil types and moisture content levels will adversely impact
process performance.

Higher clay content may reduce extraction efficiency and require
longer contact ftimes.

Organically bound metals can be extracted along with the target
organic pollutants, which restricts handling of the residuals.

Traces of solvent may remain in the treated solids; the toxicity of
the solvent is an important consideration.

Solvent extraction is generally least effective on very high
molecular weight organic and very hydrophilic substances.

After extraction, any residual in treated soil needs to be
destroyed.

Capital costs can be relatively high and the technology may be
more economical at larger sites.

Meeting highly stringent heavy metals criteria may prove
uneconomical.



Chemical treatment - In-Situ Chemical Oxidation

In-situ destruction of organic contaminants may be accomplished
using chemical oxidation technologies. A variety of chemical
oxidants and application techniques can be used to bring oxidizing
materials into contact with subsurface contaminants to remediate
the contamination. With sufficient contact time with the organic
contaminants, chemical oxidants may be capable of converting
hydrocarbons to carbon dioxide and water and ultimately
irreversibly reduce concentrations of petroleum hydrocarbons in
soil and groundwater.

Chemical oxidation technologies are predominantly used to address
contaminants in the source area saturated zone and capillary
fringe. Cost concerns can preclude the use of chemical oxidation
technologies to address large and dilute contaminant plumes.



* The four most commonly used oxidants for ISCO: permanganate (MnO,"),
hydrogen peroxide (H,0,) and iron (Fe), persulfate (S,03%"), and ozone (O5).

* Each oxidation technology requires specific use of materials handling and
injection methods.

* The persistence of the oxidant in the subsurface is important since this
affects the contact time for advective and diffusive transport and ultimately
the delivery of oxidant to targeted zones in the subsurface.

* Radical intermediates formed using some oxidants (H,0,, S,05%, O;) that
are largely responsible for various contaminant fransformations react very
quickly and persist for very short periods of time (<1 sec).



In-Situ Fenton Oxidation

The classic Fenton reaction specifically involves the reaction between
H,0, and ferrous iron (Fe(II)) yielding the hydroxyl radical (-OH) and
ferric (Fe(III)) and hydroxyl ions (OH-). Fe(III) reacts with H,0, or
the superoxide radical (-O,") yielding Fe(II). This general sequence of
reactions continues to occur until the H,0, is fully consumed. Since
H,0, injected into the subsurface reacts with many chemical species

other than Fe(II), this technology is often referred to as catalyzed
hydrogen peroxide (CHP).

Table 4. Fenton and Related Chemical Reactions

H,0, + Fe(ll) » Fe(lll) + -OH + OH
H,0, + Fe(lll) » Fe(ll) + O, + 2 H*
‘O, + Fellll) » Fe(ll) + O,(g) + 2 H*

‘OH + target contaminant — reaction byproducts
‘OH + H,0, » -HO, + H,0
2H,0, —0,+2H,0

Due to the fast reaction rates of :OH, the transport distance of -OH is
limited to only a few nanometers. Therefore, a basic principle of Fenton

oxidation is that the contaminant, Fe(1I), and H,0, must be in the same
location at the same time.



Conceptual model of in-situ Fenton oxidation fate and transport mechanisms. (A) Cross-section of
hazardous waste site containing DNAPL in the saturated and unsaturated zones. Injection well is
constructed in the source area and two monitoring wells located in the upgradient direction
(downgradient monitoring wells not shown); (B) H,0, is injected and reacts ,contaminants are
transformed. DNAPL movement, and enhanced volatilization of contaminants also occur; (C) O, (q)
sparging of the ground water in monitoring wells, artesian conditions, may occur; (D) H,0, injection
ceases and is fully reacted. Loss of the target contaminant(s) in the source zone is achieved by
oxidation transformation but may not be differentiated from other fate and transport mechanisms.
Contaminant mass transfer and transport results in rebound.



In-Situ Ozone Oxidation

O; is a gas and a strong oxidant that is sparingly soluble in water and
upon reaction does not leave a residual (i.e., SO,%, MnO,g) other than
O,. Analysis of dissolved O3 in aqueous solutions can be performed
using an colorimetric method

In-situ O5 oxidation involves the injection of a mixture of air and O,
gas directly into the unsaturated and/or saturated zones.

Direct Oxidation

0, + C,HCl, + H,0 — 2C0,+3H+*+3Cl

‘OH Formation
20,+3H,0, —>»40,+2-0H+2H,0 (Fast)

General Ozone Oxidation and Related Chemical
Reactions



Pressure
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Air Ozone Booster
Compressor Generator Compressor
Oxygen
Generator
Vacuum
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Discharge <=

Ground Surface

Vapor Vacuum
Treatment Pump
Unit Ne Extraction
Well

Unsaturated (Vadose) Zone

Ground-Water Table
v

[
S ed Zs \ “ :
aturats one DNAPL/ »

o\
oapic =

Channels =~

Ground-Water FIow s

(After Reddy et al., 1995)

General conceptual model of in-situ ozonation in the saturated zone with soil vacuum
extraction to capture volatile emissions and Os(g).
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Fe?*

RCI + H*

RH + CI

b)

e
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