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The industrial activity of humane influence of the Earth
chemical composition of atmosphere.

Chemical composition of atmosphere (trace gases)
determine of the Earth surface temperature and quantities
of solar UV radiation reach surface.

The observed phenomena are :

« destruction of ozone layer in stratosphere

* Increase of the Earth temperature as a result of
Intensification of greenhouse effect



Composition of the Earth atmosphere

Compound Concentration

ppm = 10%%
Ne 18.2
He 5.24
CH, 2.05
Kr 1.14
H, 0.55
N,O 0.33
CO 0.12
ppb = 10"%
SO, <100
O, < 100
Xe 87
NO +NO, <10
C,Hq <5
other hydrocarbons (HC) <2
COS 0.5
ppt = 101%%
Halocarbons (CFCs) < 500-1000
SF 6,1
SF.CF, 0.15
Prefluorocarbons (PFCs) < 0.01
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Protection of Earth's ozone layer

The main factor witch evoke destruction of ozone layer In

stratosphere (about 10ppm Os) are chlorofluorocarbons
(CFCs) i.e. Freons (hypothesis of Rowland and Molina 1974)
Freons are produced on industrial scale as refrigerants

since 1930 and as aerosol spray propellants since 1965.



Characteristics of selected CFCs (2002).

The chlorofluorocarbons (CFC's)

Production

Compound Concentration 106 Lifetime ODP
ppt kglyear years

F-11 (CCI;F) 260 400 50 1
F-12 (CCL,F)) 560 460 120 1
F-13 (CF,CI) 15 10 400 0,1
F-22 (CHCIF,) 50 206 12 0,05
F-113(CFCI,CCIF,) 80 160 85 0,9
F-114(CCIF,CCIF,) 13 24 200 0,8
F-115 (C,CIF,) 15 15 400 0,2
F-116 (C,Fy) 3 5 500 0,1
CCl, 100 830 35 1,2
H 1211 (CBrCIF,) 3 10 25 3
H 1301 (CBrF,) 3,5 10 110 10
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The concentrations of chlorofluorocarbons (CFC's) in
the atmosphere are on the ppt level.

As radiatively active gases, they influence the depletion
of the Earth’s ozone layer and the increase of the
greenhouse effect.
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F.S. Rowland
Stratospheric Ozone: Earths Fragile Shield

1979, Yearbook of Sciences and the Future,
Encyclopedia Britannica, Inc. p.170-191
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The greenhouse effect

The observed growth of the mean Earth surface
temperature since 1860 to 2000.
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The greenhouse effect
http://media.allrefer.com/s4/l/p0001164-greenhouse-effect.qgif
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The greenhouse effect

Intensification of the greenhouse effect is

connected with emissions of gases:
share in %, concentration

* water vapor (H,O) 62 0,5 %

- carbon dioxide (CO,), 22 370 ppm
- methane (CH,), 2,5 2,0 ppm
* nitrous oxide (N,0O), 4 0,3 ppm
» ozone (O,), 7 35 ppb

 halocarbons (CFCs), 2,5 1,0 ppb
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Concentration Concentration Lifetime,
CEE before 1750 at present years Sl
CO, 280 ppm 372 ppm 120 1
CH, 730 ppb 1845 ppb 12 23
N,O 270 ppb 317 ppb 115 300
O, 25 ppb 35 ppb hours
F-11 zero 260 ppt 50 4600
F-12 zero 550 ppt 120 10600
F-113 zero 80 ppt 85 6000
CcCl, zero 100 ppt 35 1800
CH,CCI, zero 45 ppt 5 140
F-22 zero 150 ppt 12 1700
F-23 zero 15 ppt 260 12000
C,Fs zero 3 ppt 10000 11900
SF, zero 5,1 ppt 3200 22000
SF.CF, zero 0,12 ppt 3000 18000




The Montreal protocol (1987)

The Montreal protocol is an act of international law, which aim
IS reduction emissions of substances destructing ozone layer.

The present version of the Montreal protocol with
amendments from London (1990), Copenhagen (1992), Montreal
(1997), Peking (1999) include reduction emission of substances:

measurement by

* 10 substances from CFCs group, GC
. 3 halons, GC-MS
. carbon tetrachloride, GC
. 1,1,1-trichloroethane, GC
. 20 substances from HBFCs group, GC-MS

* 40 substances from HCFCs group, GC-MS



The Montreal protocol (1987)

Now into force is a next schedule of reduction :

consumption of CFCs at 1996 — 2003, in yearly periods,

should not be greater than in 1989 (100%).

35% reduction since 2004 r.,
65% reduction since 2010 .,
90% reduction since 2015r.,
99,5% reduction since 2020 r.,
total reduction since 2030 r.



The world CFCs investigation program AGAGE

http://agage.eas.gatech.edu/
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The results of measurements and historical facts

Concentrations of selected Freon's in atmosphere
on the base of program AGAGE data

(Advanced Global Atmospheric Gas Experiment).

Concentration F11, F12, F113, CH3CCI3, ppt

Important historical facts concerning protection of ozone layer
600
A - Invention of GC by Jemes and Martin
B - Invention of ECD detector by Lovelock
500 + C - First measurement of Freon's in atmosphere
D - Hypothesis of ozone destruction in stratospher —F11
E - Montreal Protocol —_—F12
400 + F - Nobel price for Rowland, Molina, Crutzen
—F113
300 4 == CH3CCI3
200 +
100 +
O |

1940

1950 1960 1970 1980 1990 2000

Time, years

2010



- AGAGE

The investigations of the global trends of the concentration
CFC s in the atmosphere by Advanced Global Atmospheric
Gas Experiment (AGAGE) program indicate that limitation
of the world production of CFC's by Montreal protocol
agreement take effect in fall tendency of the concentration
of several investigated compounds.



The investigations in Krakow

'Fy pa™ Location of Mace Head (53°N, 10°W) and Krakow (50°N, 20°E) in Europe
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The continuous measurements of the concentrations of chlorofluorocarbons
are conducted with the computer controlled GC Fisons, type 8000, equipped
with two electron capture detectors (ECD) working in the constants current
mode (channel A and B).

The chromatograph uses four columns (10% SP 2100 and molecular sieve
5A, 80/100 mesh, 4 mm in diameter and 2, 10 ftand 1, 3 m long,
respectively), working in a back flush system. The air samples are sucked
from the roof of the laboratory building and dried in a Nafion tube.

The air and standard samples, containing freons F-12, SF6 (channel A) and
F-11, F-113, CHCI3, CH3CCI3, CCl4 (channel B) are injected into GC
alternatively every 30 minutes. The chromatograms of air and standard
samples are registered in a computerized system HP ChemStation.

As a standard, a cylinder filled with air, produced by Linde Firm was used.
This secondary standard was calibrated relative to the primary standard of
the Scripps Oceanography Institute, San Diego, USA (SI0-1993 scale).



Scheme of the analytical system

—Intake of air sample
from roof of building
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View of the measurements system
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The chromatograms of CFCs

Example analysis of halocarbons in air of Krakow.

F-12 - 560 ppt

Channel A

B
6000 — «, &  Channel B
O
[{o]
N
1
-
N
L
5000 |-
°
o
(e ]
o
° a
o — o o
4000 | o o v O
[e0] o < O
1 <t 1
™ N
-— ' @)
N —» O,
L O T
r 0O
3000 | O
_—
] 1 1 ]

5 10

time, min

15 0 5 10 15
time, min



Ipd
S

25

=

AN

AN

Results: Channel A

25

N
o
L

[y

5

SF6 concentration, ppt
=
o

ol
L

55 ppt
— Daily average
— Weighted regression line
ErFGK' — Monthly average
akow
y=3.97+0.22 Start of the Kioto
Protocol legislations
(16.02.2005)

0

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Years

1000+

H» O

o o

o o
I I

200+

— Daily average

— Weighted regression line
— Monthly average
Krakow, F12 Start of the Montreal

y =540.7+4.9x-0.7%x"2 Protocol legislations
in Poland (1.07.2002)

P

0

T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Years



Spri ng/ Sunmer

. Channel A

30
254
20
154
104
5]
= 0]
g
104
154
204
254
30-

R W NP O R N ® A a

T S A T O T R S
AR W N FP O RN ® A O
S R A U P N M TR |

aOON W N P O RN ®W A
[ A e I S S

aOON W N R O RN ® A O
[ A e R I S R

26




600

Start of the Montreal
5001 Krakow, F11 Protocol legislations

‘a y = 269.0 - 3.2x in Poland (1.07.2002) R It . C h I B
a
= 400 eSUulls. anne
8
g
S 300+
(8]
c
o
© 200+
-
E —Daily average
I Il 100 A — Weighted regression line
IP ‘4 — Monthly average
J PA
A '-’ BA‘ - 0 T T T T T T T T T T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Years
600 200
_ _ Krakow, CH3CCI3 ~Dally average
5004 — Daily average % y = 90.1exp(-x/5.3) —Weighted regression line
E Kl'akg\iv.zFlili?:l — Weighted regression line < 150 1 —Monthly average
- y=8l.2+1.1x — Monthly average 8
S 400+ §
g Start of the Montreal g
| Protocol legis ati © 100 A
g 300 in Poland (107.2002) < Statof the Montreal Protocol
c o legislations in Poland (1.07.2002)
S ®
& 200 I5)
i S 501
iR I
100+ O
0 T T T T T T T T T T 0 T T T T T T T T T T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Years Years
1500 pv— 1000
—Daily average .
= — Weighted regression line —Daily average
% 12001 a 800 — Weighted regression line
> — Monthly average I Krakow, CCl4
c - — ' — Monthly average
8 Start of the Montreal Protocol g y =99.8 +0.95x
© 9001 Krakow, CHCI3 legislations in Poland = 600 4
E‘ y = 42.8 - 1.3x (1.07.2002) g Start of the Montreal
o c Protocol legislations
g 8 in Poland (1.07.2002)
S 600 S
8 =
T Q
O 300~ O
0 T T T T T T T T T T 0 T T T T T T T T T T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

27

Years Years



Aut utm/ W nt er Spri ng/ Sumer

30+
251 227 .
anne
15] ] "
15]
10]
0 10]
] 5]

5z 04

51
10 10]
15 15]
204 20]
25] 25
304 30]

oA ®W N R O RN WA O
[ S e i O M S

aOA W N R O RN W A g
[ T s U M S R

54 N "
i . CH,CCI,]
3] 4] NE 3 34’
2] i g
1 ] 27
0 4 3
g 1] = 0 = 0
2 ] R
34 24 24
o] 34 34
5. 4 4
5. 5]

5 N

4 ° ]
3 N N
24 o -]
24 24
14 1 14
S (::, E 0 = 04
1 1]
2+ 2 2]
34 3 3]
44 44 4
28 5- 5- 51




The number of pollution events
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Dziennik Ustaw Nr 52

Act of law 2 March 2001

5 on proceedings in Poland with the Earth
ozone layer depleting substances.

— 3510 — Poz. 537

537

USTAWA

zdnia 2 marca 2001 r.

0 postepowaniu z substancjami zubozajacymi warstwe ozonowa.

Rozdziat 1
Przepisy ogodlne

Art. 1. Ustawa ma na celu ograniczanie negatywne-
go oddziatywania niektorych substancji chemicznych
na stratosferycznag warstwe ozonowa oraz realizacje
zobowiazan wynikajacych z Konwencji wiedenskiej
o ochronie warstwy ozonowej, sporzadzonej w Wied-
niu dnia 22 marca 1985 r. (Dz. U. z 1992 r. Nr 98,
poz. 488), oraz Protokotu montrealskiego w sprawie
substancji zubozajacych warstwe ozonowa, sporza-
dzonego w Montrealu dnia 16 wrzesnia 1987 r. (Dz. U.
z 1992 r. Nr 98, poz. 490 i 491), zwanego dalej Protoko-
tem Montrealskim.

Art. 2. 1. Wprowadza sie kontrole postepowania

z substancjami zubozajacymi warstwe ozonowa, pole-
naiaca na ustanawianiu zakazow i naraniczen dotveza-

utatwiajacego niektdre procesy chemiczne, za-
wartego w innych substancjach chemicznych ja-
ko sladowe zanieczyszczenie, oraz emitowanych
podczas produkcji wyrobow zawierajacych sub-
stancje kontrolowane i obrotu nimi,

2) wspotczynniku ODP — rozumie sie przez to poten-
cjat niszczenia ozonu, okreslajacy zdolnos¢ sub-
stancji kontrolowanej do zubozania warstwy ozo-
nowej i ustalony odrebnie dla kazdej substancji
kontrolowanej w umowach miedzynarodowych,
o ktérych mowa w art. 1,

3) tonie ODP —rozumie sie przez to iloczyn jednej to-
ny danej substancji i ustalonego dla niej wspot-
czynnika ODP,

4) dozwolonych technologiach — rozumie sie przez to

technologie, ktorych stosowanie jest dopuszczone
na nodstawie umaow miedzvnarodowveh o kta-



The calculation results

The yearly trend coefficient (b) in the period since 07.1997 to 06.2007
and parameter (a) calculated in 1.07.1997 (using linear function y=a+bx).

Station Krakow, Poland
(50°N, 20°E, 250 m above MSL)
Compound b, ppt/year a, ppt
F-11 -3.2+ 0.1 269.1+ 0.3
F-113 +1.1+ 0.1 81.2+ 0.2
CHCI, -1.3+ 0.2 42.8+ 0.9
CH,CCIL* -4.4+ 0.2 35.8+ 0.3
CCl, +0.95+ 0.1 99.8+ 0.5
F-12* -1.8+ 0.1 546.5+ 0.6
Sk, +0.22 + 0.01 3.97+ 0.01

* (b) in the period since 07.2002 to 06.2007 and (a) calculated in 1.07.2002.
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- The measured since 1997 concentrations of CFCs in Krakow air are
characterized by seasonal variability. On the background of these changes
four compounds i.e. F-11, F-12, CHCI3, CH3CCI3 have a tendency to
decrease but F-113, CCl4 and SF6 concentrations tend to increase.

- A particular attention is necessary to call on investigations of CFCs
pollutants advection from West sectors because increase of halocrarbons
concentrations in winter months distinctly correlate with air mass advection
from these sectors.

- The observed diminishing frequency of the seasonal variability of
CFC’s concentration amplitude after the date of 1.07.2002 when the
Montreal Protocol legislation have been started in Poland suggest that the
limitations of CFC’s emissions in Poland are being respected.
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