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Monitoring Tip: Effect of Flow Rate on Ozone 
Measurements - Correction Factors for Slow Flow 
Applications 

Some applications, such as chamber experiments where plants 
are exposed to ozone, require low sampling flow rates. The 
small volume of the detection cell featured in our instruments 
makes them well suited for slow flow applications. 
For accurate measurements, the flow rate must be sufficient 
enough to flush the cell adequately between the Beer-Lambert 
Law measurements of light intensity "I" (sample air) and "Io" 
(ozone scrubbed air). At volumetric flow rates above 600 
cc/min, the flow rate used has no significant effect on ozone 
measurements. When shipped, the Model 202 Ozone Monitor 
samples air at a volumetric flow rate of typically 800 cc/min. For 
slow flow applications, the flow rate can be reduced by the use 
of a needle valve inserted prior to the air pump and a correction 
factor applied by increasing the slope calibration factor (S) in the 
instrument menu.  
Without software modifications, the Model 202 Ozone Monitor 
can be operated down to 300 cc/min with no more than about a 
12% correction factor.  
To obtain the details needed to accurately adjust your monitor 
for slow flow applications, please see Tech Note 003.  

Case Study: Testing of the Personal Ozone Monitor™ 
(POM™) 

Tests of the 2B Technologies POM were recently carried out by 
Prof. Clifford Weisel and his research group at the Environmental 
and Occupational Health Sciences Institute (EOHSI) of University 
of Medicine and Dentistry of New Jersey. Four experiments were 
carried out. Brief examples from each of those studies are 
provided here. 

1. Comparison of the POM Response to Ozone with Other 
FEM Ozone Monitors. POM measurements of laboratory-
generated ozone in the range of <10 ppb to 10 ppm were 
compared to the results for a 2B Tech Model 205 Ozone Monitor 
and a Thermo Scientific Model 49i Ozone Monitor. Example 
results for rapid changes in the generated ozone concentration 
are shown below. Extensive results showed that the POM agreed 
well with the two FEM ozone monitors, with the POM having a 
slightly faster response time. 



2. Inte
Facility
describ
Environ
three in
respon
challen
typicall
mix of 
Subseq
challen
formald
of com
polluta
compou
photoc
ozone. 
smoke.
monito
sets of 
to be n

Additio
each of
indoor 
three in

3. Fiel

erference S
y (CEF). As

bed above w
nment Facili
nstruments 
ses of the th
ges from hi
y found in u
50 ppb each

quent to the
ged to a mi
dehyde, ace
pounds repr
nts that occ
unds are as
hemical pro
 The aldehy
. As can be 
rs were sign
 compounds

nosier during

nal experim
f vanillin an
air. No diffe
nstruments 

d Study wi

Studies in a
s a baseline

were carried 
ty (CEF) an
 to changing
hree ozone 
gh concentr
urban air. T
h of toluene

e TEX mixtur
ixture of 50 
etaldehyde a
resent high 
cur both ind
sociated wit

oduction and
des also are
seen in the 
nificantly aff
s, although 
g exposure. 

ments were c
d anisole, fo
erences wer
 to these po

ith Staff. T

a Controlle
, similar exp
 out in the E

nd good agre
g concentrat
 monitors w
rations of U
he first of th

e, ethyl benz
re, the ozon
 ppb each o
and benzald
 concentrati
oors and ou
th traffic em
d often occu
e emitted in
 graph below
ffected by ex
the aldehyd
  

carried out w
ood additiiv
re found in t
otential UV i

he POM was

ed Environ
periments t
EOHSI Cont
eement foun
tions of ozo

were then co
V-absorbing
hese challen
zene and xy
ne monitors 
of a mix of 
dehyde. The
ions of com
utdoors. The
missions and
ur on days w
ndoors by cig
w, none of t
xposures to
des did caus

with exposu
es that may
the respons
nterference

s used in th

ment 
o those 
trolled 
nd for the 

one. The 
mpared for 
g compound
nges was a 
ylenes (TEX
 were 

se two sets 
mon 
ese 
d 
with high 
garette 
the ozone 
 these two 

se the POM 

ure to 50 pp
y be found i
es of the 

es. 

e field by 

 

 
ds 

). 

 

 
pb 
n 



staff m
of mou
particip
the eas
problem
activitie
POMs a
During 
of the M
reading
single i
same r
compar
Activitie
cooking

In this 
the Mo
monito
POMs a
negativ
when p
this is t
actual o
than in
measur
monito
the exp
When c
with a 
pattern
on, tho
the gre
home w

4. Fiel
carried
pairs of
set of w
provide
the PO
were av
arose, 
period 
use the
for eigh
weekda
eight h
house w
with th

embers and
th who are 

pants were a
se of use of 
ms in being 
es over seve
and two Mod
 a portion o
Model 205 O
gs. At other 
ndividual an

room or in a
re readings 
es included 
g. Some typ

 experiment
del 205 and
rs tracked e

and the Mod
ve bias) whe
placed on to
that ozone w
ozone levels
 the open a
re of the ozo
r placed in a
posure than
cooking was
rapid fall wa

n was observ
ough the sca
eater turbule
with higher 

d Study wi
 out with vo
f non-scient
written instr
ed to the pa
M and Mode
vailable by 
minimum co
to determin

e POM. Each
ht hours on 
ays, with bo
ours togeth
where the m
e POM read

d given to p
experienced
asked to com
 the POM an
 able to wea
eral days. D
del 205 Ozo
f the day th
Ozone Monit
 times of th
nd the Mode
 different ro
 when worn 
 driving, goi
pical results 

t there was 
d two POMs.
each other w
del 205 appe
en the POM 
p of the Mo
will react wi
s immediate
rea of the r
one level of
a home and
 an ambient
s being done
as observed
ved when th
atter in the d
ence of air a
ozone levels

ith Volunte
olunteers. T
tist participa
ructions, qu
rticipants a

el 205 were 
phone if pro
ontact was 
ne whether t
h participant
 each of five
oth participa
her. The Mod
majority par
dings. Each i

articipants 
d in air sam
mplete a qu
nd whether 
ar them dur
During the fi
one Monitors
he POMs we
tors for dire
e day both 
el 205 was l
oom of the s
 to backgro
ing to a sto
 are show in

a 10 ppb ca
. Otherwise,
well. The dif
eared to be 
 were worn 

odel 205. Th
ith clothing 
ely adjacent
room. Thus,
f the air bein
d is certainly
t monitor in
e a spike in 
d for all thre
he ventilatio
data is grea
and more ai
s being brou

eers. A seco
This study w
ants living in
estionnaire 
long with a 
 operated. W
oblems occu
maintained 
the participa
t of the pair
e days, two 
ants spendin
del 205 was
rticipants sp
individual re

recruited th
mpling techn
uestionnaire
they perceiv

ring their typ
ield study b
s were empl
re placed di

ect comparis
POMs were 
located eith
same house
und concen
re, resting i
n the follow

alibration of
, the three o
fference bet
 larger (grea
 (see above 
e probable 
 and skin oil
t to a person
 the POM is
ng breathed
y more repr
n a central m
 the observe
ee monitors.
on fan alone
ater. This is 
ir from outs
ught into th

ond field stu
as carried o
n the vicinit
 and log she
 demonstrat
While the st
urred or que
 over the we
ant could in
r was to wea
 weekend an
ng the majo
s to be place
pent time fo
eceived an h

hrough word
iques. The 

e to evaluate
ved any 
pical daily 
y staff, two 
loyed. 
irectly on to
son of their 
 worn by a 
er in the 

e in order to
trations. 
ndoors and 
ing graph. 

ffset betwee
ozone 
tween the 
ater 
 figure) tha
reason for 
ls so that th
n is lower 

s a better 
d than a 
resentative o
monitor site
ed ozone 
. A similar 
e was turned
 likely do to
side the 
he home.  

udy was 
out with five
ty of staff. A
eet were 
tion of how 
taff member
estions 
eek samplin

ndependently
ar the POM 
nd three 

ority of the 
ed in the 
r compariso
honorarium 

d 

e 

 

op 

o 

 

 
en 

n 

he 

of 
. 

d 
 

e 
A 

 
rs 

ng 
y 

on 
 



of $25 
teams 
Results

Only on
five-da
individu

An eva
questio
and siz
monito
made a
public. 
mode i
expens
instead
to the p
that un
smaller
additio
compen

Air Po
Benef

A recen
combat
known 

NASA J
Univers
out to q
metrop
emissio
combin
through
much h
they ha
efficien
depend
are loca
Americ
higher-
to be a
the Mid

 for each da
collected da
s for Team 1

ne member 
y period; ho
ual is appar

luation of th
onnaires hig
ze/weight. T
rs contain p
a number of
 Based on th
n which the

se of less fre
d of every 10
pump outlet
nderwent tes
r POM but a
nal studies 
nsation or o

ollution Ne
fit Air Sta

nt NASA-led
ting global w
 to be ozone

Jet Propulsio
sity of Color
quantify, sp
politan regio
ons vary aro
ning models 
hout the atm
heat ozone a
ave discover
ntly ozone tr
ding upon w
ated. For ex
a seem to h
-latitude, su
 more effici

ddle East an

y he or she 
ata for five d
1 are shown

 of this team
owever, var
ent. 

he comment
hlights two 

These are co
pumps for sa
f participant
his feedback

e duty cycle 
equent ozon
0 s). Also, w
t. The result
sting. All tes
lso indicate
wearing the

out of enviro

ews: Rece
ndards  

d study has 
warming cau
e-forming, l

on Laborato
rado, Boulde
pecifically do
ons, how the
ound the wo
 of how che
mosphere w
absorbs in t
red significa
raps heat in

where the oz
xample, low
have a highe
uch as Europ
ent greenho

nd in hot reg

 wore the P
days and on
n below. 

m obtained d
riability in oz

ts and respo
 main comp
ommon issu
ampling. In 
ts uncomfor
k, 2B Tech h
 of the air p
ne measurem
we have add
t is a much 
st subjects 
d a wiliness
e current PO
onmental co

ent NASA 

found that w
used by the
ocation mat

ry scientist 
er scientist 
own to the s
e climate-alt
orld. They a
emical emiss
with satellite
the Earth's a
ant regional 
 the Earth's

zone-forming
wer-latitude 
er impact th
pe. Also, ozo
ouse gas ov
gions like th

POM. Four of
ne team for 

data over th
zone exposu

onses to the
plaints: audi
es when pe
 particular t

rtable when 
has added a

pump is redu
ments (ever
ded an inter
 quieter POM
would prefe

s to participa
OM for eithe
oncern. 

 Ozone St

when it com
e emissions 
tters. 
 Kevin Bowm
Daven Henz
size of large
tering impa
re achieving
sion are tran
e observatio
atmosphere
 variability i
s atmospher
g chemical e
regions like
han those re
one has bee

ver cloud-fre
he tropics.  

f the five 
 four days. 

he entire 
ure to that 

e 
ble noise 
rsonnel 
the noise 
 worn in 
a "quiet" 
uced at the 
ry 20 s 
rnal muffler 
M than thos
er an even 
ate in 
r financial 

tudy May 

mes to 
of chemical

man and 
ze have set 
e 
cts of these
g this by 
nsported 
ns of how 
. So far, 
in how 
re, 
emissions 
 North 

egions of 
en observed
ee regions in

 

 
e 

s 

 

e 

d 
n 



 
Contributions of nitrogen dioxide emissions - the primary source of 
ozone- to the global average thermal absorption of ozone as observed 
by the Tropospheric Emission Spectrometer instrument on NASA's Aura 
spacecraft in Aug. 2006. High values (red) indicate that emissions in 
that location contribute more strongly to the trapping of heat in the 
Earth's atmosphere relative to other locations. Image credit: NASA-
JPL/Caltech/CU-Boulder  

"When it comes to reducing ozone levels, emission reductions in 
one part of the world my drive greenhouse warming more than a 
similar level of emission reductions elsewhere," said Bowman. 
"Where you clean up ozone precursor emissions makes a big 
difference. It's all about...location, location, location."  

To read the entire article, please click here.  

Featured Product: Model 306 Calibration Source 

 
The 2B Technologies Model 306 Ozone Calibration Source™ is a 
portable source of ozone that allows you to calibrate any ozone 
monitor - not just those manufactured by 2B Tech. The 
instrument scrubs ozone from ambient air and produces any 
mixing ratio of ozone in the range 30 to1,000 ppbv. The desired 
ozone concentration is chosen from the easy-to-use menu using 
a rotary select switch. The total output flow rate is 3.0 L/min 
volumetric, and the ozone mixing ratio is controlled so as to be 
independent of ambient temperature, pressure and humidity. 
You can attach the Ozone Calibration Source (OCS™) output 



directly to the inlet of any ozone monitor; the excess flow is 
vented through an ozone scrubber internal to the OCS. Although 
the instrument comes calibrated against a NIST-traceable ozone 
standard, the menu allows the user to change the calibration 
parameters of the ozone output if desired. The Ozone Cal 
Source™ is housed in the same small, rugged instrument case 
as the Model 202 and Model 205 Ozone Monitors™. Some 
applications of the Model 306 Ozone Calibration Source™ 
include: 

 Calibration of ozone monitors in the field. This highly 
portable transfer standard is especially useful for 
maintaining the calibrations of networks of ozone 
monitors.  

 Testing of materials such as rubber, plastics and paint for 
effects of ozone exposure.  

 Studies of the effect of ozone on plants where a 
calibrated source of ozone is required. 

To learn more about this product, click here. 

Black Carbon Experiment: Students Visualize and 
Quantify this Important Air Pollutant 

 
In August 2012, the GO3 Project, founded by 2B Technologies, 
launched the Black Carbon Experiment. This experiment allows 
students to not only visualize, but quantify the amount of "soot" 
or "smoke" in the air they breathe.  
Black carbon is the elemental carbon component of atmospheric 
aerosols and is produced by incomplete combustion. It is found 
in the exhaust of diesel engines, in the smoke produced in 
agricultural burning and in cooking fires fueled by wood, coal or 
animal waste. Black carbon is estimated to be responsible for 
~20% of global warming and ~40% of glacier melting that has 
occurred to date.  
In the Black Carbon Experiment, students collect particulate 
samples on filters for a period of a few days and then measure 
the mass of black carbon deposited on the filter by absorbance 
at 880 nm using a inexpensive but accurate nephelometer 
developed by 2B Tech for the GO3 Project. Students then upload 
their measurements to the GO3 database for display on Google 
Earth along with data from other schools around the world. In 
this "hands on" experiment, students actually see a sample of 



the air pollution they breathe daily and learn how to make an 
absorbance measurement using a simple LED and photodiode. 
The Black Carbon Package is available for sale on the GO3 
website. Because schools have very limited budgets for science 
equipment, the 2B Tech staff help secure funding for schools. 
Also, the GO3 Project provides a Green Fundraiser as an 
educational and fun way of raising funds for schools to 
participate in the Black Carbon Experiment, Global Ozone Project 
and CO2 Experiment.

 

Typical air filter with particulate sample. Students may also estimate 
the black carbon concentration using a provided greyscale and compare 
the results to the more accurate nephelometer measurement. 

If you are interested in learning more, would like to purchase a 
package or become a sponsor for a school in need, please click 
here.  
"We do not inherit the Earth from our ancestors, we 
borrow it from our children" - Native American Proverb 

  

 

 


