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Issue #3: Chlorinated solvents: air and water pollution

«  Chlorinated alkanes: CH,Cl,; CHCI;; CCI,; CICH,CH,CI;
CH;CCl; (MC) e~ methy) cldercforun

»  Chloriated alkenes: CL,C=CHCI (TCE); C],C=CCl,
(PCE or PERC) & Perouoroewjlewe[ perc" )

(Italics = Montreal Protocol substance)

> me . 0[\«/ cletwt'ml
«  Major uses of MC, TCE, PER as degreasing solvents

see M:S
Atmospheric concern is stratospheric ozone depletion/ p 7?3 b
Tesv  — kg, 107" om® molec™ 7' or less for the alkanes Z\;@
PZ1%  —  kyy 107" em® molec™' s or less for the alkenes T

«  Recall that banning MC has already led to a decrease in
atmospheric concentration (\M:S page S g)

«  Terrestrial concern is ground water contamination
especially by TCE and PER (~70% of all contaminated

sites): refer back to Ch. 8: permeable reactive barriers CMA\F;%Q>

«  Concern of drinking water contamination, especially by
TCE, which is a rodent carcinogen

quageaq\'@cﬁ Solveats -Luo{w;\‘rﬂ WQM@MCKZ(,Q
For an indujtry perspective on TCE (1995), see:
http://www.hsia.org/white papers/tecorotm PC =

/ Pa?et‘ Wbur TCE

For a perspective from the US National Institutes of
Environmental Health Sciences (1996), see:
http.//ehp.niehs.nih.gov/roc/ninth/rahc/trichloroethylene.pdf
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Issue #4: Long range transport of organochlorines: Q

Persistent organic pollutants (POPs)

Environment Canada's 7oxic Substances Management Policy:

persistent 1f t,, in the atmosphere > 2 days. Ancillary criterion:

"evidence of atmospheric transport to remote regions such as

the arctic"

« low chemical and metabolic reactivity

«  often associated with halogenated compounds

« able to distribute globally if even slightly volatile

« accumulate 1n the polar regions 1f they have low vapour
pressure: “global distillation”
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Canadian concern: Native Canadians and wildlife in the
Arctic.
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atmospheric persistence
low atmospheric reactivity
Jong range transport
low volatility J | U high volatility
polar deposition global distribution

Example DDT CFCs

Properties of POPs as a function of vapour pressure

Vapour X | Mobi- | Properties Examples
ressure , Pa | lity

logp <-4 very | deposition or PCBs > & Cl
low |retention close |PAH >4 rings
to the source

logp-4to-2 |low |accumulationin | PCBs 4-8C]
mid-latitudes 4 ring PAH

logp-2to0 |high |accumulationin|PCBs 1-4 Cl
polar regions 3 ring PAH

HCH; DDT
logp>0 very | no deposition | chloroaliphatic
high solvents; CFCs

1-2 ring aromatics

Source: Wania and Mackay, 1996
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Polybrominated diphenyl ethers (PBDEs): an emerging

environmental problem

o Wweaki r@\ea,gé B
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« widely used as flame retar‘dants Cadeale in CowbuslﬂOV\
«  flame retardants are used in: = now radicals x
—  soft furnishings and bedding &\/umb Cro .
—  childrens’ sleepware
— automobiles and aircraft
— TV sets and computer housings
«  current production > 67,000 tonnes per year; toxicity
largely unknown™*

«  Jong range transport —hoawe begm dekected in o Artic
«  found to bioconcentrate in: s e Pe/rsie\—eu&' \POP\"‘\:C .
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Left: generic PBDE structure =72 ?&suﬁemars
Right: a major component of the “penta” BDE mixture

As of May 2001, the European Union agreed to phase out the use
of polybrominated diphenyl ethers as flame retardants because of

their increasing environmental contamination
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Issue #5: Toxic organochlorine aromatic compounds Q

Emphasis on polychlorinated biphenyls (PCBs) and
polychlorinated dibenzo-p-dioxins (PCDDs or “dioxins™)
map LSty N

DDT (structure earlier) a 1940s/1950s insecticide
« effective against malaria mosquitos; cheap, readily
applied

«  synthesis = Friedel-Crafts alkylation of chlorobenzene (2
mol) with chloral hydrate C1;C-CH=0 (CI,C-CH(OH),)

« discovered to be persistent in the terrestrial environment,
1960s, and to be ubiquitous in biota, 1960s

« an emphasis in Rachel Carson’s book Silent Spring
(reduced fecundity of birds): biomagnification

« banned in developed countries 1969-1970; still in use in
India for mosquito control: disease control vs
environmental impact

« residues still found in Canadian biota, despite declines;
reason is long range atmospheric transport

«  technical product is mainly p,p -DDT, but also contains
o,p - and 0,0 - isomers: o,p -DDT considered to be
weakly estrogenic

P,F’ Cot Unaerqo m.elhboh‘c p\ﬁobcuémcﬁ
J{gg\rac)‘ak“iaw ) 3&/& DDE CO[(CMD;-O I_OJ\;‘D!A@&%Q —
QW&LQ%Q> . DDT axd DDE hewce OPE&A OCCur \‘038%1*.
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Polychlorinated Biphenyls (PCBs) Section Ol«g/(h)r f?ﬁ'ﬁ)

Produced ~1930-1970 by chlorination of biphenyl:

\WM&;CO,__R@X myxtures: final North American ban 1976

AEE. # oF

CL's

Production in North America was in the range 10° to 10°
tonnes/year —> total 10° tonnes worldwide

Original usage was for dielectric fluids in transformers
and capacitors “closed uses”: excellent electrical and
thermal msulators very unreactlve chemically /Go( heds "%
Later uses were “open uses”: plasticizers, de-inkers, golf
ball interiors, carbonless copy paper

In theory 209 possible congeners

Commonest tradename in North America = Aroclor
(Monsanto): four digit code Aroclor 1254 = 12 carbons
(biphenyl) and 54% by weight chlorine —> average
composition approx C,,H;Cls

Why are PCBs still a problem?

Principal environmental problem was improper disposal
(landfilling) —> leaching into ground water;
volatilization to the atmosphere

Very unreactive chemically —> persistent

Once something escapes into the environment, you
cannot get it back!

Discovered in wildlife 1966 (Jensen, Sweden) and soon
found to be ubiquitous

Highly hpghlhc (log K, > 9): bioaccumulate: found
together with DDT, PBpEs dioxins  \ Coe Vable 4. g
Notably found in Great Lakes fish Lor Liomaanibicat
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Analysis

«  GC-MS after separation from more polar contaminants
by conventional extraction and chromatography: large
number of congeners + PCDD/PCDFs makes analysis

very challenging Qo\i VIS Kguraws bcz‘?e@qéj
( LQ)(QX> ePY, level
Environment Canada Regulations lPP‘(, =1 pq L
«  PCBs may not be manufactured or used (Vi wwg)

« [ kg allowed for research purposes
«  High strength PCB wastes; > 5000 ppm; “not a PCB” at
1.2 do wot €ollow
<50 ppm (reju\ahom 7 Catbered
«  Transformer§may be drained} and refilled but no new
PCB added A

«  Gradual phase-out of PCB fluids in transformers —>
replacement with high boiling mineral oils
\ ) S C’QUH,QOOMQW%
Are PCBs toxic? /Coubzﬁ\«\éc\-f\iué 00\'\ berenk {‘O)UC?}‘ eS
« Acute toxicity very low: LDs, values ~ 1 g/kg
¢  “Coplanar” congeners (no ortho Cl atoms) have dioxin-
like toxicity: see later e ’ka’?\iiérc gtr Lih S postious
« Actas “inducers” of Phase I metabolizing éﬁzymes 3
« Ingestion leads tgc“éhloracne”: “Yusho disease”, Japan
1968 from eating /gontaminated rice oi1l; toxicity most
likely from traces of oxidized material: PCDFs
(polychlorinated dibenzofurans)
«  Much controversy over possible developmental effects,

including lowered 1Q



Destruction of PCBs Wwille o \Qrie,
. Incineration = high temperature combustion| ¥& of €uel oil

—  public opposition to incinerators: NO, and formation
of traces of dioxins, especially in the range 700-
1000°C: successtul combustion T > 1000°¢c and
contact time > 2 s

—  Dioxin formation is generally ~ 107'°%

—  Requirement 1s “six nines” destruction = 99.9999%

—  Storage vs transport: both have problems (St. Basile-
le grand) €— Auc_\- \ 188, PcR sk—amSQ ire

—  Combination with cement manufacture: PCBs
provide a (poor) fuel source + Cl™ required for high-
chloride cement: source of controversy \ \m&‘}é)

N Hglkangs

«  Reaction with active metals (usually Na): forms C—C
bonds while removing chlorine as NaCl (Wurtz reaction)

\

OV w TI4S \0A
&QQ‘%%) ArCl + Ar'Cl + 2Na—> 2NaCl + Ar-Ar g e\a@'
Cao\ol.\howc& CL's ou \‘Lo.ou-sQ rings can be rewoved -- %r‘s
Useful for removing PCBs from low strength PCB fluids /_L’J"k “p
« Interest in Japan in photo-induced radical chain
chemistry involving NaOH/isopropyl alcohol as a

hydrogen donor (text, p. 310) / %erk—(mu\ug qive

Caw OFo

Ckeﬁca\iw‘v\%qt/kal&w\ArCl' —> Ar’ + CI \OOLSMQV
o Ar + (CH,),CHOH —> ArH + (CH,),C OH .

e (CH;),C'OH + OH  —> (CH,,CO" + H,0 hr
ko (CH,)L,CO™ + ArCl  —> (CH,),C=0 + arcl g

decorivatiow - - .



Alterations in PCB congener distributions

«  Grasshopper effect depletes the more volatile congeners
close to the source

«  Microbial action, though slow, consumes less
chlorinated congeners preferentially

«  Consequence: analysis at a remote site or at a

“historical” site does not give a signature of the original
source

PCB-contaminated sites

»  Soil: generally excavate and either incinerate or transport
to secure landfill
e  Sediment: problem of the Hudson River, NY state and
emissions of Aroclor 1242 from the GE plant there
—  “natural attenuation”? e———\\
— dredge and resuspend the sediments?
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“Dioxins” @ I

3@4@&1&3

«  Polychlorinated dibenzo-p-dioxins (PCDDs) and | (plsurless

polychlorinated dibenzofurans (PCDFs) Solids
of {
O
€ Z Cl1 Clp
Cly; Cl,
¥ O 3
b " O
PCDD structure PCDF structure

«  “Dioxin” is used both as a general term for PCDDs and
specifically for the highly toxic congener 2,3,7,8- ) th ome\
tetrachlorodibenzo-p-dioxin (TCDD) ers al

o
Unhke PCBs, PCDDs and PCDFs have never been
intentionally manufactured: they are trace byproducts in
other commodities

« 75 PCDD congeners: 135 PCDFs: the 2,3,7,8-positions
must all be substituted for high toxicity: example of a

structure-activity relationship (ge,e secton °\-6-2>

«  TCDD has been the most thoroughly studied



Historical background @

« Introduction of the herbicide 2,4,5-T (1948)
7,1 \5’ 2,4,S —triclero -

L ere OCH,CO,H
W

Explosions at chlorophenol manufacturing facilities
(1949, Monsanto; 1953 Boehringer-Ingleheim) led to
chloracne among exposed workers Fop

+  Identification of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) as the acnigenic agent (1957): ppm contaminant

2,45-T
Zj@a+ qr _ didhyiersghen mo OCHCOH o (\lhm&d A
a e a a  Widrawn
due to fmfé
@3 Frootl/(} OLM ou.w
dion T - j@[ — TS M
TChD

«  Pulmonary chick edema (1957): “toxic fat syndrome”
traced (1973) to the presence of 2,3,7,8-TCDD 1n
recycled fat: February 1999: almost 1dentical episode in
Belgium led to removal of all eggs and chickens from
Belgian food supply



odtaivers contined @
1970s: L/ 25w ATEBD SPraiQ(i

Spraying of “still bottoms” from 2,4,5-T manufacture in / ou oads

Verona, MO led to deaths among horses and eventually ok
to the closure of the town of Times Beach, MO lx_gfag

Defoliant spraying of Agent Orange (mixture of 2,4-D
and 2,4,5-T, containing ~ 2 ppm of TCDD) in Vietnam
war claimed to be associated with various diseases
among military personnel

Underbrush spraying of Alsea Basin forest lands
(Oregon) with 2.4,5,-T claimed to be associated with
human miscarriages and birth defects

Explosion at 2,4,5-trichlorophenol plant at Seveso, Italy
(1976) —> substantial exposure of the “civilian”
population: blood TCDD levels correlate with severity of
chloracne

Evidence that “dioxins’’ are formed in numerous
pyrolytic processes, including municipal and hospital
waste incinerators

Combustion reactions mvolve “de novo’ synthesis, and
afford principally the most highly chlorinated congeners
(octa, hepta, hexa)

Concentrations in soils, tissues etc rarely reach 1 ppb;

pptr and ppqg values are common
4 \Y
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