Chlorine and its Compounds Clmg)l'er A

Issue #1: the production of Cl,: the chloralkali process

2NaCl +2H,0 —> 2NaOH + Cl, + H,
Economics of equal masses of NaOH and Cl, being produced

Electrolysis: Anode reaction
Cl'(aq) —> '»Cl, + e ata graphite anode (old
style cells) or Ti/IrO,
(newer cells)

Cathode reaction: old style mercury cell
Na'(agq) + e —> Na/Hg
Na/Hg + H,O —> NaOH + ' H, separate reaction
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« Advantage of the old style cell: H, and Cl, formed in
separate steps

«  Disadvantage: cost of Hg and losses of Hg to the
environment —> high concentrations of Hg in fish —>
phase-out of this technology (Cos Ve p\av&s were near
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«  Newer technology: diaphragm or membrane separated
cells: use of Nafion as a cation exchange membrane
(cations can pass through, but neutrals and anions are
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Anode reaction
Cl'(aq) —> Cl(g) + ¢
Cathode reaction
Haq) + ¢ —> YI,(g)
«  NaOH forms because Na" ions cross the ion exchange
membrane to restore charge balance due to loss of H
« the membrane separates the H,(g) and Cl,(g) streams
«  no mercury is used
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[ssue #2: Lipophilicity of chlorinated organics Folleam}g

Lipophilic compounds are “fat-loving™ and hydrophobic (“water-
hating”). Organochlorine compounds are notorious for high

lipophilicity. i.e. M&)u%F ove o ewd Up ™ ch\’h/ trssue |

Some lipophilic pesticides m&'@’ contmimig
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Partition Constant:

K=  concentration of solute in solvent 1
concentration of solute in solvent 2

Solvent extraction, organic solvent = solvent 1; water = solvent 2
Octanol as Solvent 1. the octanol-water partition coefficient, K,

Octanol as a model for fat.('e-g -@qﬁ'i{‘isswq w Cigbx %Ml, hh&
K., = concentration of solute in octanol
concentration of solute 1n water- lc&_«&
oPa Qt
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Relationship between K, and bioconcentration factor, BCEF

BCF = concentration of toxicant in aguatic organism

concentration of toxicant in surrounding water

BCF = K. x % by weight of fat in the organism

If octanol 1s a good model for fat:

BCF = K,, x % by weight of fat in the organism

If fat is ~ 5% of wet weight:

BCF ~ 0.05 x K,

Environment Canada: K, > 1000, likely to bioconcentrate

Biomagnification:

«  DDT in the Great Lakes back in the 1970s

[DDT] (ppb) c1\©\
CHCC,

Cl

Source

Water (L. Ontario) | 0.03
Sediment 27
Plankton 400
Salmon tissue 8,000
Gull tissue 300000
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« PCBs in L. Ontario salmon (1improvement due to
phaseout)
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Is biomagnification a real phenomenon?

G.E. Leblanc, Environ. Sci. Technol. 1995, 29, 154: higher
trophic organisms tend to have higher fat content —> possible
reason for higher organochlorine concentrations

phytoplankton 0.5 % lipid
invertebrates 2+ 1
fish S+2
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Kinetics of uptake and depuration Coun ()Mtﬁ .
Example:

L. c(aq) — c(fish) k,

2. c(fish) — c(aq) k,

3. c(fish) — metabolic products 4,

* depuration is processes 2+3

rate[1] = k,.c(aq)
rate[2] = k,.c(fish)
rate[3] = ks.c(fish)

(1) dec(fish)/dt =rate[1] — rate[2]— rate[3]
= ky.c(aq) —(k, + ky).c(fish)

At the steady state:

(2) k,.c(aq) = (k, + ky).c(fish, ss) /7 e, BCF :/\;%f@b;%\o
BCF = c(fish, ss)/c(aq) = k/(k, + k) Aobivzh in ferws of

r’od”e/ Cousets, (cov.&eare _lbo,.

« 1if the steady state has not been reached, eq. (1) must be @L“;L ra,
integrated (see text: will not be tested). " 91'5({/

« then measured BCF does not necessarily represent
equilibrium (e.g. organochlorines in Great Lakes fish)

-  bioconcentration 1s always associated with a low rate of
depuration: rate[1]>> {rate[2] + rate[3]}

QQ/@ FF Q6 Zq%,\'@\@k] r ar(/l(vtg WQH)CQ av«d{
C\Qérautcé((f% a o(ioxm (23 3ow3 *TOMk’ P\a&eﬂl

Girst 1w dioyin waaler asd thew in clean waber,



