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RESULTS OF THE MEASUREMENT OF ATMOSPHERIC OZONE
HYDROCARBONS IN BADEN-W TTEMBERG

W. Oblander and D. Siegel
Baden-Arttemberg Regional Agency for Environmental

Protection, Karlsruhe, West Germany

1. Measurement Points anu Analysis Method

'

	

	 Ozone along with other components was measured in auto-	 /57*

matic multi-component test stations in Baden-Wurttemberg [1].

We do not assume that the values measured in thi r, program per-

mit fundamental new findings, especially since daily and annu-

al variations in ozone as a function of time and solar irradia-

tion can be assumed to be general knowledge and have already

teen discussed in detail at the 1974 Colloquium on Nitrogen

Oxides. For this reason the article focuses on the compara-

bility of the measured value:; obtained at the individual sta-

tions and, in keeping with the theme, no attempt is ma gic to

interpret the individual test values.

Ozone concentration was measured at the test stations of

the Baden-Wurttemberg automatic multi-c ,)mponent immission measure-

ment system in central, southern and northern Mannheim since

January 1975 and central and west Karlsruhe since January 1976.

Chemilluminescence gas analyzers made by Bendix Co. were

used to measure the ozone concentration. Calibration was dcne

automatically in a 25-hour cycle by means of a built-in test

gas source. The concentration of the test vas source was tested

afterwards chemically as per VDI 2468 page 1 (KJ method).

The samples fcr the hydrocarbonimmissior. measurements were

taken from the third story of the Fegicnal Agency for Environ-

mental Protection about 800 meters from the west Karlsruhe

1\TiimbPrG In the margin !nt?icPte nn7lnation in t ti_e -orelrn text.
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measurement station. A U 180 environmental chromatograph was

used to measure the hydrocarbon immissior concentration [2].

e mass hydrocarbon concentration in 1.2 liters of at-

mospheric air was concentrated in a storage column, cooled to

-30°C and separated at E0°C in an isothermal chromato7raph.

Cycle time	 15 min

Storage time	 12 min

Storage column	 15 cm/3 mm
Epherosil XOA 400
and CN:S B

Preseparation column
	

50 cm Poropak S

Separation columns
	

50 cm Poronak T + S

Carrier gas
	

Oxygen 25 ml/min

Backwashing was done after elution of acetylene from sep-

aration column A. Evaluation is done by peak surface comparison.

A test gas consisting of

0.39 ppm C2H6

0.82 ppm C 2 H 4 and

2 .35 ppm C2if2

was used to calibrate the measured components ethylene, ethane

and acetylene. The test gas mixture was diluted with synthetic

air through mi:roapertures to concentrations between 0.9 ppb

and 400 ppb and delivered to the intake point of the chromato-

graph, i.e. under the same conditions as atomspheric air. The

concentration of the test gas mixture was determined by dilution

of ethylene and ethane (Schuchard, degree of purity 99.5%)

through microapertures. The acetylene concentration of the

test gas was determined by means of the responEe factor.
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Table 1 lists the characteristic process quantities of the 	 {

system. The mean standard deviation around the regression line 	 I

in the range of 0.9-400 rpb turned out to be 0.9 ppb for ethy-

lene and ethane and 3.2 ppb for acetylene.

r"	 1. Chat process quantities	 /58
as per VDI 2 44 90 	--

Key: A. Detection limit

2. Dail Variation and Avera ee Daily_Varlation in Ozone
Concentration

Fig. 1 shows the average daily variation in ozone concen-

trations for the Mannheim south, Mannheim center and Karlsruhe

west stations for the month of June. All three stations show

the familiar daily variation in ozone concentration. The con-

centration increases in the morning, reaches its maximum in

early afternoon and then decreases again towards evening_;. If,

by contrast, we examine the concentration curve on an individual

day, it turns out that differences in ozone concentration both

with regard to place and time cocur between the stations. As

an example, Fig. 2 shows the daily variation in ozone concentra--

ticri on June 23, 1^`?6, at the Mannheim center and Karlsruhe west

3
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Fig. 1. Daily variation from the mean,
value a.m. r erpans"on unt-nown] of the
0 3 concentration, June 1976.

Key: A. Concentration
B. Time
C. Mannheim south
D. Mannheim center
F Earl cr11Ya toast

At the Mannheim center

station the ozone con-

centration increases

substantially more

sharply than at the

Karlsruhe West station.

The ozone concentration

in Karlsruhe reaches its

maximum as early as 1:00

p.m., and in Mannheim the

ozone concentration con-

tinues to increase and

reaches its maximum only

around 2:30 p.m. The maxi-

mum ozone concentration in

Karlsruhe was 270 uK/m3

and 66 L ug/m3 in Mannheim

center. This value was

the great :, st half tour

mean value measured in

this year.

Fig. 3 shows the cu-

mulative frequency of o-

zone concentration at the Mannheim Center, Karlsruhe Center and

Karlsruhe T-iest stations for June 1976. The almost identical

curves suggest a un1form source distribution at all of the

stations. The 50% value of the cumulative frequency lies around

70 u€" of ozone per cubic meter, the 95q value around 300 ug per

cubic meter. The Mannheim South and Mannheim North stations

show the same cumulative frequency and were not included here

only to keep the presentation simple.

OJUGIN A1: PAGE 1'
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R Fig.	 y shows the	 /59

seasonal dependency of

Brie 1.	 .'ngengelrK aun Mu i..T.	 der 0;-Konzentration, the mean daily variation
Jual 9b of ozone.	 The months of

September and December

03 ^ 1975, January, April and
loo 1 vr'	 r	 \

July 1976 were selected
^	 r

"A """ fo,	 this.	 While in spring
and autumn the mean daily

`^

variation resembles that
of the summer months, theioo •`,

r

W f'f K• wrEO
mean daily variation in

H .	 r

ozone concentration in
'T 	 . -T-'i' r j	 I' r -T"► - '7 -'1"T' T7"TT'j-t-' -T	 T-T"'^

o ••	 6••	 r:••	 u» 	 ^^•• the winter months does
not show any pronounced

maximum.	 The cumulative

Fig. 2.	 Daily variation in 03 concen- 	 frequency of the ozone

t-ation on June 23,	 1976. concentration for December

Key: A.	 Concentration 1975 and June 1976 at the

B.	 Time Mannheim center test sta-
C. Mannheim center
D.	 Karlsruhe west tion is shown in Fig. 	 5.

The 75% value for ozone

was 130 ijr/m3 in June
1976 3% 20 ur/m 3 in December 1975; this corresponds to the 6.5-fold

portion of the month of June. 	 The 95% value turned out to be

270 ilg/m3 in June 1976 and 23 Ug/m 3 in December 1976.

The annual mean values for August 1975 to July 1976 were as

follows:

Mannheim South	 141 Ug/m3

Mannheim Center	 33 ug/m3
0

Mannheim north	 35 ug/m'.
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03 concentrations.

Key: A. Cumulative frequency
B. Concentration
C. Mannheim center
D. Karlsruhe west
E. Karlsruhe center
F. June

afire daily variation in ethylene, ethan

centrations in August 1976. Here only

for ozone corresponded to the expected

The 95'" values were:

Mannheim South	 166 11g/m3

Mannheim Center	 170 ug/m3

Mannheim North	 144 ug/m^.

The results show that

the annual mean values and

the mean daily variations in

ozone concentration for one

month at the Mannheim and

Karlsruhe stations are com-

parable both in terms of

concentration and variation

in concentration. By con-

trast, the variation in

,concentration and concentra-

t:!cn itself on individual

days can differ considerably

in Mannheim and Karlsruhe.

3. Average Dail Vari ation
of Ethane	 tt llene Acety-
_P e and- zob- one inuggust 11976

Fig. 6 shows the aver-

e, acetylene and ozone cor-

the average daily variation

variation.

Ethane shows no pronounced daily variation; a slight drop

can be observed only in the late afternoon.

The Fraphs for acetylene and ethylene run in parallel during

low ozone concentrations ., i.e. during nighttime hours. Both of

them climb to about twice the concentration with the beginning

6
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of commuter traffic.

With increasing ozone

concentration the acety-

lene concentration de-

creases. The acetylene

concentration reaches its

minimum when the ozone

concentration is at a

maximum. With the late

afternoon or goin g horse

traffic--3:30-6:30--the

acetylene concentration

increases only slightly.

Only after G:00 can a

sharp increase be seen,

which reaches its maxi-

mum at about 10:100.
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Fig. 4. Daily variation from the mean
value a.T. [expansion unknown] of the
0 3 concentration, Mannheim south.	 Ethylene shows a

completely different
Key: A. Concentration

B. Time	 graph during the daytime

C. Dec.	 hours. After an increase;

In the morning the ethylene

concentration fluctuates strongly without a recognizable trend.

Only In the afternoon, about one and a half hours before the

ozone, does the ethylene concentration fall in parallel with

the ozone concentration. After passing; through the minimum at 	 /60

about 6:00 the ethylene concentration again rises in parallel

with acetylene. The monthly mean values were as follows:

F ug/m3

Ethane	 2.7

Ethylene	 11.2

Acetylene	 8.6

c95% up/m3

2.5

18.8

12.2
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Key: A. Cumulative frequency
B. Concentration
C. December
D. June
E. Mannheim center

In our opinion, a

conclusive interpretation

of the daily variation or

a clarification of the re-

lationship between ozone

and hydrocarbons is not

possible, since the col-

lective measured values

to be sure are representa-

tive for the month of

August, but the average

daily variation for one

month does riot allow any

inferences as to interre-

lationships. Although a

connection between acety-

lene and ozone is obvious,

a decomposition of ace-

tylene by ozone is to be

ruled out, since alkynes

are substantially slower

to react than alkenes

during ozonolyses [3].

.*W

If we assume automobile traffic to be a F*round-level source

of acetylene and ethylene, then the counter movement of the

acetylene concentration in comparision to the ozone concentra-

tion might be attributed to the occurrence of exchange reactions.

However, since acetylene and ethylene are emitted by automobiles

in a 1:1 ratio and the ethylene concentration does riot follow

the acetylene concentration carve, a ground-level source for

ethylene has to be ruled out as the sole emittent. To explain

the lack of a drop in ethylene concentration a high source must

also be taken into consideration. However, an examination of

8
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the fr!quency distribution on 2 maximums do not result in con-

clusive confirmation.

Apgendix

Based on an agreement between Mr. Siegel, M.S. Chemistry,

and Prof. Becker of Born/Vuppertal of September 27, 1976, on

October 8, 1976, an ozone monitor (Bendix, model 8CO2) of the

Baden—Wffrttemberp, measurement network at the Mannheim Center

test station was calibrated by colleagues of the Institute for

Physical Chemistry, Bonn University, usj.ng a basic absorption

spectroscopy process. OF to this time the ozone measurement

instruments in Mannheim had been calculated exclusively using

the KJ method.

9
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"he control calibration was done with a device brought

from Bonn for calibrating ozone analyzers by measuring the

optical absorption (cf. ftaut-Reinhaltung der I:uft, 35, 326

(1975)). Oxone-containing test gas was produced from synthetic

air with a photochemical ozone generator which was also brought

from Bonn and conveyed to the ozone monitor ,;hrough the optical

—•	 measurement cell of the calibration system. Fig. 7 shows the

results of the measurements. Here the ozone concentrations

indicated by the Eendix ozone monitor were plotted against those 161

measured in the calibration system..

r

hscht, MQssUng

0 '^ 100 . 	 :400	 I MO (pub)
 ~I

Fig. 7. Reference calibration,

Key: A. Optical measurement

The aver-aping line through the measured points reveals

excellent agreement between the 0 3 concentrations measured by

absorption optics and those indicated by the Bendix monitor.
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