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Diurnal variability exists

North-central
Minnesota
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Fig 2. Air temperature and vapor phase Y PCB (sum of 85 congeners peaks, pg/m’) measurcd in the
Marcell Bog S-2 during four sampling penods. Temperature s represented by the continuous black hine,

S_PCB is represented by connected points. The x-axis represents tme of day.
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Fig. 2. Temporal variations: {a) in 3 Cly sDD/Fs (gaseous and particulate) at all the sites and (b) gaseous Cl:DDs and Cl3;DDs
Atm Env 2003 (measured), gaseous Cl,DDs (predicted), and relative humidity at the Liberty Science Center over the sampling period. (D-day; N-
night sample).
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PAHS: urban
VS. over water

PAHSs higher in
daytime at urban
site, also showing
spikes during rush
hours

PAHSs relatively flat
at the over-water site

Dachs et al., Atm
Env 2002
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PAHSs in Finokalia, Greece

Remote marine area,
PAH max at noon
coincides with OH max

Tsapakis and
Stephanou ES&T 2007
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FIGURE 1. (&) Diurnal variation of PAH concentration in pardculate and in the gas phase (Table 51 Sup|:-:|run|;| Information) and |B)
wariation of ambient temparatre in Finokalia.
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Particle phase PAHSs

(Finlayson -Pitts and Pitts 2000)
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FIGURE 10.27 Spatial and temporal distributions of two reactive particle-associated PAHs, benzo[alpyrene and cyclopenta[cdJpyrene, and
the gas-phase atmospheric reaction product 3-nitrobiphenyl during transport of a heavily polluted air parcel across southern California.
September 8-9, 1993 (adapted from Fraser et al., 1998).
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Diurnal variability of PCBs depends on location
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Causes of diurnal variability

MacLeod et al. (2007) modeled diurnal variability in
PCB concentrations as a function of:

A Temperature
driven
volatilization

A Mixing Height
changes

A Hydroxyl
radical
reactions

A Type of source
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Photochemical reactions

A Reactions of PCBs with OH

A Reactions of PAHs with
i OH
i NO,
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Reactions with OH

A OH radical has been call ed t he
cl eaner 00 because it reacts wi-t
the troposphere.

A OH is formed primarily from the photolysis of ozone
and usually peaks at noon.

A OH concentrations at night are typically at least 10
times lower than during the day.
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Reactions of PCBs with OH

Anderson and Hites
(ES&T 1996) did lab
studies to show that
PCBs react with OH
at significant rates.

PCBs with more
chlorines react more
slowly.

For comparison: k for
phenanthrene is
31x10 12 (3to 10
times faster)
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FIGURE 2. Plot of experimental and calculated OH—PCE reaction
rate constants at 208 K versus the number of chlorine atoms. Solid
circles are the rate constants reported in this study; open squares
are the experimental rate constants in the literature (72, 73). The
solid line is a linear regression fitted to our experimental rate
constants. The dashed line represents the average PCE—OH rate
constant of all possible congeners in the homologue classes with
zero to six chlerines, as estimated by Atkinson (73).
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Reactions of PCBs with OH

Totten et al. (2002)
published evidence
that diurnal variability
In PCB concentrations
In urban areas iIs due
to reactions with OH.

Reactivity pattern was
same as seen in
Ander son and
lab studies.

Totten et al.
Chemosphere 2002
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Fig. 3 Log of the observed environmental rate constant for the
dizappearance of PCBs (&) plotted vs. the number of chlorine
substituents on each congener. The slope { —0L22) 1= statistically
significant (B* =045 p==6 = 107%) and is the same as that
observed by other researchers for reactions of PCBs with the
O H radical, sugeesting that such reactions may be responsible

for the PCB losses observad. Data gathered on July 26, 1994 at
the IIT {Chicago, [L).
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PCBs+OH: Half lives 2 -34 days

TAEBLE 4

Estimated Rate Constants of PCB—OH Reaction at
25 °C Compared with Available Literature Values
and Atmospheric Lifetimes of PCBs due to Reaction

with OH
congener estd k at 25 "C4 literature atmosphenc
M. (95% confidence limits) rate constants lifetime (days)®
0 6.7 (5.9-7.7) 1.2¢ 2
1 2.7 (2.1-3.4) 2.89 4
2 504457 .39 2
3 3.4 (2.9-4.09 3.09 3
4 2.2 (1.7-2.7) 2.08 =
7 2.6 (21-3.3) 5
157 2.0(1.7-2.3) =
28 1.7 (0.8-1.4) 11
29 1.3 (1.1-1.5) 9
3 1.2 (1.0-1.5) 10
33 1.0(0.8-14 12 :
44 0.8 ED.E—'l.E::: 14 Anderson and Hites
47 1.0 (0.7-1.5) 12 ES&T 1996)
95 0.4 (0.2-0.7) 34
110 0.6 (0.3-1.7) 19
penta 116 0.9 (0.4-1.8) 14

2 Units are 102 cm?s~ 1, £ Litetimes calculated based on 24-h global
averaged OH concantration of 9.7 = 105 cm~3 (26). < Ref 12. “Ref 17.
@ Ref 13, fData previously reported in ref 14,
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Reactions of PAHS
with OH

TABLE 4. Average, Standard Deviation, and Range of
Environmental Rate Constants ﬁda;“} Based on Transport
Times and Loss of PAHs from Night to Day with
Pseudo-First-Order Rate Constants from Literature Assuming a
[OH] Concentration = 3 = 10° Molecules cm—* #

PAH ke ave 5D range ko literature ref
Acy 077 033 036-1.19 1.19 25
Ace 078 052 035-1.66 1.08 25
Fluor 046 024 017-089 017005 26
MeFluor 0.37 010 019-047 047+ 005 est 286
Phen 041 021 020-082 014002 27
Anth 0.35 008 027-042 014+008 27
2-MePhen 0.45 013 030-067 037002 est 27
1-MePhen 045 010 029-0.56 037002 est 27
Flant 0.35 015 017-058 039+002 est 27
Pyr 047 013 027-062 094 +0.02 est. Phen

/ o 2 Acy, acenaphthyleng; Ace, acenaphthene; Fluor, fluorene: Phen,
¥, r” " phenanthrene; MeFluor, methyl fluorens; Anth, anthracens; 2-MePHen,
/,’-L;" /(/:»;f' Z-methylphenanthrens; 1-MePhen, 1-methylphenanthrens; Flant, fluao-
Green Bﬂri/ f | ranthens: Pyr, pyrene.
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FIGURE 1. Map of Lake Michigan indicating the urban sampling site (lIT), the three EPA Master stations {0, 1, and 5), and the rural site

(South Haven).



I{UTG ERS Diurnal

Formation of nitro -PAHSs
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FIGURE 10.33 Mechanism of oxidation of fluoranthene by OH in air (adapted from
Arey, 1998a), (Finlayson - Pitts and Pitts 2000)
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Reactions of PAHs with NO 4
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FIGURE 10.36 Mechanism of oxidation of fluoranthene by the
nitrate radical (adapted from Atkinson and Arey, 1997).

(Finlayson - Pitts and Pitts 2000)
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PAH half lives

(Finlayson - Pitts and Pitts 2000)



