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Standard Operation Procedure (SOP)-01
Sampling and Concentration Calculation Procedure of
Nitrogen Oxide (NOx)

Air Quality Analysis



SOP Work Sheet (Air quality)

Date of preparing

Measuring substance

Nitrogen Oxide (NOx)

Measurement method

Saltzman Reaction Method

1 - Measurement flowchart and main items

(1) Preparation of equipments and tools (Reference)

(D Selection of absorption tube.

@ Preparation of the handy sampler.

(2) Adjustment of the reagents

v

(D Making the solution of 0.1% N-(1-Naphthyl) ethylenediamine
dihydrochloride (hereafter, it is called NEDA solution)

@ Making the absorption solution

@ Making the standard undiluted solution NaNOz (2.03 g/L)

@ Making the standard solution NaNOz (0.0203 g/L)

(® Making oxidation solution

| (3) Carrying out the measurement |

v
| (4) Making the analysis

h 4

(D Establishment of the sampling locations
@ Collecting the samples (sampling)

@ Making sampling solution for the analysis purpose

(D Measuring the absorbance of the collected samples

@ Measuring the absorbance of the standard solution NaNOz

| (5) Calculating the concentration

(D Drawing the calibration curve

@ Calculating the concentration of NO2
@ Calculating the concentration of NO




2. Measurement principle

If we put the air sample which contains NOgzin an absorption coloring solution (N-(1-Naphthyl)
ethylenediamine dihydrochloride, Sulfanilic acid, and Acetic acid mixture solution), we will get an
orange-red azo-dye (dyestuff) that is proportional to NOz amount. By measuring the absorbance of
the coloring solution we can calculate NOz2 concentration. Because NO does not react with the

absorption coloring solution, it is oxidized to NOgz by using potassium permanganate (after adding

sulfuric acid), then we can measure it by the same method mentioned-above.

3. Reagents, equipments and materials.

[Reagents] Quantity [Equipment and materials] Quantity
Potassium dichromate small quantity | Absorption tube (bubbler) 2
(K2Cr207) Bubbler tube for oxidation 1
sulfanilic acid 5¢g Flow meter 1
(H2NCsH4SOsH) (0.4 L/min precise measurement
Glacial acetic acid (CHsCOOH) 140 mL glass flow meter)
N-(1-Naphthyl)ethylenediamine 0.lg 10 mL pipette 1
dihydrochloride (=NEDA) Rubber bulb 1
Sodium nitrite (NaNOz) 2.37g Beaker 1500 mL 1
Chloroform (CHCls) a little Beaker 200 mL 1
Sulfuric acid (H2SO4) 2.5g Brown bottle 1
Potassium permanganate 2.5g Volumetric flask 1 L 1
(KMnO4) Volumetric flask 100 mL 1
Barium hydroxide proper Hole pipette 10 mL 1
(Ba(OH): + 8H20) quantity Volumetric flask 25 mL 1 set
Vacuum gage(Vacuum meter) 1
Vacuum pump(Pulsometer) 1
Spectrophotometer or colorimeter 1
(550 nm vicinity)

4 . The structure of measuring equipments
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Figure (1) Measuring Equipment
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ex. Absorption tube




5. Operation details

(1) Preparation of equipments and tools
(D Selection of the absorption tube
As shown in Figure (2), the absorption tube is of the bubble type and made of glass with 60 x m

(note 1) maximum pore size of the glass filter.

(2) Adjustment of the reagents (note 2)
@ Making (0.1%) of NEDA solution |
Dissolve 0.1 g of the reagent NEDA in 100 mL of water (storage solution).

@ |Making the absorption solution |

‘ Sulfanilic acid 5 g ‘

| 1000 mL beaker |

«——— About 760 mL of water

| heating - dissolution | Dissolution by heating

[¢— (Glacial acetic acid 140 mL

Mixing

Cooling

!

| 1L Volumetric flask |

Avoid keeping the absorption <+«—— 0.1% NEDA solution 20 mL

solution for long time in touch | Volume adjustment |4 H.0
with air, and store it in a

|| Absorption solution ||

brown bottle.
Validity: 2 months.

©) |Making the standard solution of NaNO2 |

[Standard solution: 10 uL. NOg /mL]

a) Making the standard undiluted solution of NaNOz (2.37 g/L)
Weigh 2.37 g of sodium nitrite (highest quality) and dry them for one hour at 105~110 C,
then dissolve them in water in 1 L volumetric flask and adjust the volume up to 1 L.

(for storage, add few drops of chloroform to the solution and put it in refrigerator. The
stability of the solution is 90 days)

b) Making the standard solution of NaNO2 (0.0237 g/L)
Withdraw 10 ml from the standard undiluted solution of NaNOg, put it in 1000 ml volumetric
flask, and dilute it by 100 fold of water, thus, you get 0.0237 g/L of standard solution.

Standard solution 1 ml=10 pL NOz (25 C, 760 mmHg)




In case of representing the concentration in weight unit:

[Standard solution: 20 pg NOz /mL]
a) Making the standard undiluted solution of NaNOz (2.519 g/L)

NaNOz2 M.W. = 69.00g NOz: M.W. =46.01g Saltzman coefficient = 0.84
og NOp=2g x 2Nz ot = 99 x—200 0 e4=9519 8 NaNO
gNV2=2g NO: o T %8 46.01 OF T S0ld g NanLe

b) Making the standard solution of NaNO2 (0.02519 g/L)
Refer to the following.

| Drying about 10 g of NaNOq | (105~110%C, 1 hour)

(2519g/L) | NaNO;basic weight |  (2.37 g/L)

| 1 L Volumetric flask |<'— H20

NaNO:2 standard
undiluted solution

When storing for long
time: add few drops of ;

chloroform to the solution | Withdraw 10 ml |
and put it in refrigerator. i

| 1 L Volumetric flask |

| Volume adjustment |<'— H=0

NaNOz Standard solution
(20 pg NO2/ mlL) (10 pL NO2/ mL)

Preparing the oxidation solution

Dissolve about 2.5 g of potassium permanganate in 90 mL of water in 200 mL beaker, add 2.5 g
of concentrated sulphuric acid (1 : 3 H2SO45.2 mL) and adjust the volume up to 100 mL by
adding distilled water. *Quality of solution comes down during storage, so we have to make a
new solution frequently.

*Throw it away when MnO2 brown precipitants form in the solution.




| KMnO4 2.5 g collection |

| 200 mL Beaker  [¢— H0 90 mL

¢ 1:3 H2S045.2 mLL

| 100 mL |‘_ H20
|

Oxidation solution

(3) Carrying out the measurement.

(D Establishment of the sampling locations
To exclude the influences of topography and structure complexities, the measurement location
should be selected in an area that represents reliability. The height of the sampling inlet from

the ground is in the range 1.5 m ~ 10 m.

@ Collecting the samples.
The collection of the samples is achieved by the following procedure:
a) (DThe filter, @Absorption tube, @Bubbler tube for oxidation
@Absorption tube, ®Flow meter, ©®Sampling device with the pump assembly.
(If the handy sampler is used, the sampling setup is already done)

b) Withdraw an accurate 10 mL of absorption solution, put it in each absorption tube, and insert

10 mL of oxidation solution (can be used several times) in the oxidation bubbler tube.

¢) Keep air sampling at 0.4 L/min (or less). Suction prolongs until the color of the solution

changes considerably (about 10~60 minutes). (Quantity of sucked air must be recorded. Also,
the values of the air temperature and pressure must be recorded if they are greatly different
from 20 °C and 760 mmHg).

@

) ® @) @@ @@
/N

10mL 10 mL 10 mL

@ In the absorption tube @), NOzis absorbed and the color of the solution changes.
€ In the absorption tube @, NO, which flows through the absorption tube @), is
oxidised in the oxidation bubbler tube @ and flows to the absorption tube @

where it is absorbed and, as a result, the color of the solution changes.

(® Making the analysis of the solution samples

The absorption solution turns to orange-red color as a result of NOz content in the air sample. At




room temperature, coloring is completed within 15 minutes.
After leaving the solution as it is for 20 ~ 30 minute, the analysis of the sample solution can be
performed. Because the change of the sample solution quantity is small, the normal correction

can be omitted.

Establishment of sampling location

Preparation of handy sampler

Adjusting the air flow (200 mL/min)

NO2z and NO Impingers |[«—— Absorption solution 10 ml

Prepare also the impinger of

v the oxidation solution
Attach to the handy sampler (Oxidation solution 10 mL)
Recording the
conditions Establishment of sampling duration (60 min)

Start the sampling

Checking air flow before ending
the sampling

J

|| Go to "making the analysis"

Adjustment of air flow
(200 mL/min)

(4) Making the analysis
(D Measuring the absorbance of the collected samples
Put a cover at the top of the cell after inserting sample quantity in it, and put each cell in its
folder in the spectrophotometer then measure the absorbance at the wavelength 550 nm (the
blank solution is absorption solution).
In case of tight close of the bottles, absorbance drops by the ratio 3 ~ 4 % per day. However, when
carrying out the sampling process, the concentration of the oxidation gas or the reduction gas
may become greater than the concentration of NOz, therefore, absorbance measurement should
be done as quickly as possible.
@ Measuring the absorbance of the standard solution NaNOz and drawing the calibration curve
a) Arrange volumetric flaxes of the size 25 mL, and put NaNO: standard solution of the
amounts: 0, 0.2, 0.4, 0.6, 0.8, 1 mL in the flaxes, respectively. Then, add absorption solution
up to the marked line (up to 25 mL) for dilution.

b) Mix the solution in each volumetric flax and leave it as it is for 15 minutes so that it is




colored completely.
¢) Measure the absorbance at the wavelength of 550 nm.
(the absorbance of 1 mL of the standard solution NaNO2 that is diluted to 25 mL corresponds
to the absorption of 4 pL. NO2 in 10 mL of the absorption solution).
d) The calibration curve is obtained by plotting the relation between the number of mL of the
standard solution in each of the flaxes and the corresponding absorbance values (correction

values).

| Collected samples Drawing the calibration curve

Withdraw standard solution

(0, 0.2,0.4, 0.6, 0.8, 1.0 mL)
\ 4
25 mL volumetric flask

Volume adjustment «—— Absorption solution

Mixing
|

Leaving (15 Minutes)

Measuring the absorbance Measuring the absorbance | (550 nm, 1em cell)

| u | (Blank solution : H20)

Go to "Calculating the concentration"

(5) Calculating the concentration

(D Calculating the concentration of NOg
Measure the absorbance of the absorption solution in the absorption tube after the sampling,
and with help of the value, NO2 concentration is obtained.
From the calibration curve you find the quantity of the standard solution (mL) that corresponds
to an absorbance value of 1. Then, multiply the obtained value by 4 to get the parameter M.
M is the quantity of NO2 (L) corresponds to the absorbance value 1 of the 10 mL solution (after
adding absorption solution). M = 3.65 for a 2 cm cell (M = 7.30 for a 1 cm cell).




NOq concentration in the standard solution is: 10 pL NO2/ mL

NaNO: standard solution 00mL | 0.2mL | 0.4mL | 0.6 mL | 0.8 mL | 1.0 mL
NOz quantity in the 0 uL 2 uLL 4 uL 6 uL 8 uL 10 pL
standard solution Opng 4ug 8 ug 12 ng 16 ug 20 ug
NO:2 quantity after adding 0 uL 2 uL 4 uL 6 uL 8 uLL 10 uLL
absorption solution up to 25/ 0 pg 4 ug 8 ug 12 ug 16 ug 20 pg
mL

NO2z quantity in 10 mL of 0 pL 0.8 pL 16pl | 24ul | 3.2uL | 4.0 uL
the above mentioned 0pug 1.6 ug 3.2 ug 4.8 g 6.4 g 8 ug

solution

Absorbance

The following equation is used to calculate the concentration:

NO2 concentration (ppm) = NO2 absorbance of absorption solution (corrected value) X M/V
In this equation:
V: Sucked quantity of air sample (L).
M: Absorbance factor (f), (NO2 quantity in pnL that corresponds to absorbance value 1)
(Corrected value) = (Absorbance of sample solution) —( Absorbance of absorption solution)

@Calculating the concentration of NO

Calculate the absorbance of the absorption solution of NO (backside of oxidation bottle) by

following the same way of calculating NOz2 concentration, and get NO concentration from the

obtained absorbance value.

%1 For convenience, the volume of a gas is calculated at the standard conditions of 760 mmHg,
20 °C. Therefore, the volume of 1 mol ideal gas equals 24.04 L. (The volume becomes 24.47 LL
if the temperature is 25 C and at the same pressure). By expressing the quantity of the air

sample in L, the collected NO2 is expressed in pL).

%2 According to Saltzman experimental result, 0.72 mol of NaNOz and 1 mol of NO2z provide the

same coloring. However, this relation differs in accordance with the experimental conditions.

In Japan, the value 0.84 of the Saltzman coefficient is adopted for evaluating the

environmental standards. Therefore, the amount 2.37 pg of NaNOz corresponds to 1 pL of

NO:a.




1.50

1.00

Abs

0.50

|
0 0.2 0.4 0.6 0.8 1 mL Standard solution
0 0.8 1.6 2.4 3.2 4 pL NO2/10 mL Absorption
solution
Concentration

Points of consideration

(Noticel) Pore size of the glass filter of the absorption tube opened side and flow velocity of the air

sample are crucial to the efficiency of the sampling process. An efficiency value of 95 %

can be expected for a maximum pore size of 60 pm and 0.4 L/min air flow of.

(Notice2) Water that is used for adjusting and preparing the reagents must not contain NO2. Put

the various reagents in brown bottles, close them tightly, and put them in a refrigerator

where the storage stability is for several months. Use the absorption solution at room

temperature.




Standard Operation Procedure (SOP)-02
Sampling and Concentration Calculation Procedure of
Sulfur Dioxide (SO2)

Air Quality Analysis



SOP Work Sheet (Air quality)

Date of preparing

Measuring substance | Sulfur dioxide (SO2)

Measurement method | Pararozanilin Method

1. Measurement flowchart and main items

(1) Preparation of equipments and tools

(D Selection of absorption tube.

@ Preparation of the handy sampler.

| (2) Adjustment of the reagents

o)
@
®

@ &

\ 4

Making the absorption solution.
Preparing starch indicator solution.

Preparing sodium thiosulfate (0.1 N), (see note 1 below).

* Calculating the normality of 0.1N Sodium thiosulfate
pentahydrate solution.

Preparing formaldehyde (0.2 %).

Preparing coloring solution (pararozanilin-formaldehyde
reagent solution).

Preparing sulfur dioxide standard solution
A. the formal method
B. the simple method.

(3) Carrying out the measurement

\ 4

(D Establishment of the sampling locations
@ Assembling the sampling devices
@ Collecting the samples (sampling)
@ Recording the measurement results, etc.

(4) Making the analysis and calculating the Concentration

@O Making the analysis and Calculating the Concentration

Note 1: [in chemistry] thio-: denoting replacement of oxygen by sulfur in a compound.

Ex.: thiosulfate is a salt containing the anion (S,0,)7.




2. Measurement principle

As a collection solution (absorption solution), mercury (II) chloride and Sodium chloride
(Tetrachloromercurate (II) sodium acid) are used. When air sample is sucked into the absorption
solution, SOz forms the stable complex of dichlorosulfite mercury (II). By adding
pararozanilin-formaldehyde, the solution turns into reddish purple, therefore, the concentration of
sulfur dioxide (SO2) can be obtained by measuring the solution absorbance through the

spectrophotometer at the wavelength 560 nm.

3. Reagents, equipments and materials.

[Reagents] Quantity | [Equipments] Quantity
Mercury (II) chloride, (HgCl2) 272 ¢ Impinger 1
Sodium chloride, (NaCl) 11.7¢g Absorption tube (nozzle) 1
Glycerin, (HOCH:CHOHCH20H) 50 g Manual flow controller 1
Sodium azide, (NaN3) 0.03 g Wet gas meter or rotameter 1
Formaldehyde, (36 ~ 38 %) 105 mL Suction pump (suction capacity 1
Soluble starch, ((CéH1005)n) 04g 0.5 ~ 3 L/min)

Mercury (II) iodide, (Hgl2) 0.002 g Pipe (Teflon or glass) as required
Sodium thiosulfate pentahydrate 25 g Connecting pipe (vinyl or rubber) | as required
(Na2S203 - 5H20) Filter as required
Sodium carbonate (Na2COs) 01lg Beaker 1000 mL few
Potassium iodate, (KIOs) 15¢g Erlenmeyer Flasks 300 mL, with 1
Potassium iodide, (KI) 2g stopper
Hydrochloric acid 1N, (IN-HCL) 10 mL Micro balance (0. 1 mg) 1
Pararozanilin hydrochloride, 02¢g Volumetric Flask 500 mL 1

((NH2C5H4)2C1C5H4):NH - HCL) Hole Pipette 50 mL 1
Hydrochloric acid, (HCL) 10 mL Volumetric flask 500 mL (brown) 1
Sodium hydrogen sulfite, NAHSO3) 05¢g Burette 1
Todine solution (0.1 N) 15 mL Conical beaker 200 mL 1
Sodium carbonate (Na2COs) 0.1l1g 300mL- Beaker few

4 . The structure of measuring equipment.
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Figure 1 Measuring equipment




5. Operation details
(1) Adjustment of the reagents

‘@ Making the absorption solution ‘
Put 27.2 g of Mercury (II) chloride in a beaker of the volume 1500 mL, then add 11.7 g of sodium
chloride and 50 g of glycerin. Dissolve them in distilled water up to 1000 mL, then add 0.03 g of

Sodium azide.

1500 mL Beaker

4— Glycerin 50 g
4—— Sodium chloride 11.7 g
«——  Mercury (II) chloride 27.2 g

<+— H20 500 mL

Dissolution

Adjustment up to 1000 mL. [ ¢—— H20

4—— Sodium azide 0.03 g

Dissolution

Absorption solution |

@ Preparing starch indicator solution
Weigh 0.4 g of soluble starch and 0.002 g of Mercury (II) iodide (preservation material) and stir
them in a small quantity of water, then slowly insert the solution in 200 mL beaker filled with
boiling water. Keep the boiling condition of the solution until it becomes transparent (clear), then

allow it to cool and remove it to a volumetric flask 300 mL equipped with stopper.

@ Preparing sodium Thiosulfate pentahydrate solution (0.1 N)

Distilled water 1 LL

Dissolve reagent in a beaker
of the size 1500 mL

¢— Sodium thiosulfate

pentahydrate 25 g

¢— Sodium carbonate 0.1 g
\ 4

|| 0.1 N Sodium thiosulfate pentahydrate solution ||




% Calculating the normality of the solution 0.1N Sodium thiosulfate pentahydrate

Drying

Take about 1.5g of potassium
iodate and dry it at 180 “C.

A

y

| Precise weighting |

Weigh 0.1 mg of the standard

dried potassium iodate Y

y

| 500 mL

whole quantity |‘— H=0

Put them in a volumetric flask of
the size 500 mL and dissolve with
distilled water up to 500 mL

N

y

Withdraw 50 mL (precisely)

Close the bottle for

nearly 5 minutes.

A

4— Potassium iodate solution 50 mL
<4— Potassium iodide 2 g

D E— 1 N Hydrochloric acid 10 mL

Titration (see

note 1 below) |

Titrate 0.1N sodium thiosulfate
solution. When it turns into pale
(light yellow), add starch indicator
solution and titrate it further

until the blue colour disappears.

4¢—— (.1N Sodium thiosulfate required

€¢—— Starch indicator solution 5mL

4 0.1N- Sodium thiosulfate required

A

y

| Normality (regular value) calculation

N =

ﬂx2.80
M

N: Normality of sodium thiosulfate solution.
M: Titre of Sodium thiosulfate solution (mL).

W: Weight (number of grams) of potassium iodate.

10° x 0.1(used amount of iodate salt)

- 35.67 (equivalent wei

ght of potassium iodate)

Note 1: Titrate: ascertain the amount of a constituent in a solution by measuring the

volume of a known concentration of reagent required to complete a reaction with it,

typically using an indicator.




‘@ Preparing formaldehyde (0.2 %) ‘
Dilute 5 mL of formaldehyde (36 ~ 38 %) with 1 L of distilled water in a beaker of the size 1500

mL. Make the solution just before usage.

‘@ Making the colouring solution (pararozanilin-formaldehyde test solution)‘

Dissolve 0.2 g of pararozanilin hydrochloride in 100 mL of water, then withdraw 20 mL of this
solution and add to it 6 mL of hydrochloride acid. After that, add water to the formed solution
until you get the volume 100 mL. The last step is adding 100 mL of formaldehyde (0.2 %).

1500 mL beaker | 100 mL beaker

Formaldehyde ««—— Pararozanilin hydrochloride 0.2 g

(36 ~ 38 %) 5 mL «—— About 80 mL H20

v
About 1000 mL. [« H20 | 100 mL volumetric flask |<— H20 (Volume adjustment)

Mixing 4— Heating

| Withdraw 100 mL | | Withdraw 20 mL |

| 100 mL beaker |

«—— Concentrated HC1 (37 % or 12 N) 6 mL

4—— About 60 mL H20

200 mL volumetric flask [¢— Hz20 (Volume adjustment)

SOz Coloring solution

\4




‘@ Making sulfur dioxide standard solution ‘
A. The formal method

‘ NaHSOs ‘4_ Sodium hydrogen sulfite

I 0b5¢g
‘ 100 mL volumetric flask ‘

‘ Dissolution Fﬁ H20 100 mL
|

Prepare the blank (water ‘ Withdraw 10 mL @ ‘

only) 10 mL @ I
‘ 100 mL beaker ‘

Put the two reagents in <4—— (.1N Jodine solution 15 mL
@ and @ <+—— Hydrochloric acid 1 mL

Titration | 4—— 0.1N Sodium
thiosulfate Titration
Calculation

By assuming the titrated amount of
to be AmL and that of @ to be B mL
we can calculate the required amount of
sodium Hydrogen sulfite solution by
using the following equation:
89.3/[(B-A) Fl ... [mLl

(F: the value of 0.1N sodium thiosulfate solution)
v

Adjustment

—

Take the amount of sodium Sodium hydrogen sulfite

hydrogen sulfite solution, which solution (required amount)

was obtained by calculation, and
<— H20
v

| Dilution |

dilute it in water up to 100 mL.

In addition, dilute it in the
absorption solution until 100
fold to make the standard

solution.

V‘
" Sulfur dioxide (SO2) standard solution ||

SOz concentration in the standard solution: 0.001 mL SOz/ mL (at 20 °C, 760 mHg)




B. The simple method

Condition:
Molecular weight (M.W.) of NaHSO3 = 104.06 g M.W. of SO2=64.0g
Concentration of NaHSO3 = 40.0 %
1 mol of the gas (at 0 °C, 1 atm) has the volume of 24.04 L

Calculation of the collected amount of NaHSOs:

M.W. of NaHSOs3

Weight of NaHSOs for 1 L of SOz =
Concentration of NaHSOs X 24.04 L

104.06 g

- 0.40 X 94.041L =10.822 g (equals SOz Vol. 1 L)

Weight of NaHSOs for 2 ¢ of SOz = 2 g X M.W. of NaHSO3 y 100 %
cemorTa pIOrSE0 2T 48 M.W. of SOz Concentration of NaHSOs
104.06 g 100 %

= 8.130 g (equals SOz Weight 2g)

Il
[\
oq

X
64.0 g 40 %

Making the standard solution of SOz2:

| NaHSOs Weighing |
I

NaHS0; 8.130 @ —»| 50 mL beaker J¢— NaHS0; 10.822 ¢

««—— H20 about 30 mL

Mixing

(2 mg SO2/mL) | 1000 mL volumetric flask |<-— H20 (Volume adjustment)

\_‘

| Withdraw 10 mL |

'

(20 ug SO2/mlL) | 1000 mL volumetric flask |<— H20 (Volume adjustment)

\_‘

| Withdraw 10 mL |

| 100 mL Volumetric Flask |<— Absorption solution
" (Volume adjustment)

(2 ng SO2 /mL) | SO:2 Standard Solution |

SOz concentration in the standard solution: SOz concentration in the standard solution:
2 ng SOz2/ mL 0.001 mL SO2/ mL (at 20 °C, 760 mHg)




(2) Collecting the smaples

(D Establishment of the sampling locations:
a) Choose the sampling location so that it is not close to a local source of pollution.
b) To avoid the effect of turbulent flow resulted from buildings, choose the sampling location so
that it 1s at least 1 m distant from the wall.
c) As a general rule, the height of the sampling inlet should be in the range 1.5 m ~ 10 m.
d) With respect to the sampling pipe, use Teflon pipe or pure glass one.

@ Assembling the sampling devices
Put 10 ~ 20 mL of absorption solution in the absorption tube, and connect the absorption tube,
the trap, the gas meter, the cock and the pump in order. Fit the filter into the sampling inlet (it is
assembled in the handy sampler). (Noticel)

@ Collecting the samples (sampling)
Switch on the power of the pump, adjust the cock, adjust the suction flow in the range 1 ~ 3
L/min, and allow the sampling process for one hour (sampling duration depends upon SO:
concentration in the air). After finishing the sampling process, the quantity loss by evaporation is
compensated by water, and the obtained solution is considered as a test solution.

Avoid the direct solar radiation during the sampling process.

@ Recording the measurement results, etc.
Write down in a notebook the exact date of the sampling, the surrounding conditions, and all set

points values.




(3) Making the analysis and Calculating the Concentration
| Withdraw 10 mL |

' '

| 25 mL Testing tube |

Standard
solution

Sampling
solution

Absorption
solution

— 10mL_|

2 mL pararozanilin-
«—— formaldehyde reagent

| Mixing |

| Leaving (about 20 minutes) |‘7 at20~25 C

| Blank solution I% Measuring the Absorbance #—— Wavelength: 560 nm
Cell: 1 cm

Comparison

solution of cell

Calculation of Concentration

Calculate the concentration of sulphur dioxide (SO2) in the air sample by using the next

equation:
(at 0 °C, 760 mmHg) (at 20 °C, 760 mmHg)
Axv 273+t Axv 273+t
C (ppm) = x C (ppm) = x
A xV 273 AgxV 273+20
Axv 273+t Axv 273+t
C(ug/m®)=2ugx X C(ug/m®) =2ugx X
(12 g/m") J AgxV 273 (12 gfm") J AgxV 273+20

Notes: :
C (ppm): Concentration of SOz (ppm) 94.04
At Absorbance of the testing solution ppm = mg/m3 X ————
As: Absorbance of the standard solution.
V: volume of sucked air (L) M
v: Volume of the absorption solution (mL) mg/m3 = ppm X W

t: Temperature in the gas meter (‘C)
M: Molecular weight of SOz

Points of consideration

(Noticel) Because SOz adsorbs at the inner wall of the suction pipe, make the pipe as short as you

can. Furthermore, bend the end of the suction pipe to prevent the rain form entering to it.




Standard Operation Procedure (SOP)-03
Sampling and Concentration Calculation Procedure of
Suspended Particulate Matters (PM10)

Air Quality Analysis



SOP Work Sheet (Air quality)

Date of preparing

Measuring substance

Suspended Particulate Matter (PM10)

Measurement method

Gravimetric Method

1. Measurement flowchart and main items

(1) Constant weight of filter paper before sampling

the desiccator.

v

(D Writing a number on the filter paper and keeping it in the desiccator
(at least 24 hours).
@ Measuring the weight of the filter paper soon after taking it out of

| (2) Carrying out the sampling

©e6 000

A\

Selection of the sampling point.

Placing the filter paper and the recording chart into the sampler.
Warming up the sampler.

Setting the suction flow rate and the sampling duration.

Starting the sampling, and recording its start time.

End of the sampling, collecting the filter paper and the recording chart,

and recording the stop time of the sampling.

(3) Constant weight of filter paper after sampling

the desiccator.

\ 4

(D Keeping the filter paper in the desiccator (at least 24 hours).
@ Measuring the weight of the filter paper soon after taking it out of

(4) Calculating the concentration of PM10

(D Calculating the concentration of PM10 in the air




2. Measurement Principle.

By using PM10 high volume air sampler to which a size separating technique is attached, the
suspended particulates in the air that are equal to and less than 10 pm in diameter are
collected at the filter paper.

Through the difference in the weights of the filter paper after and before the sampling (under
constant condition of temperature and relative humidity) we can calculate the concentration of
PM10 (in the unit: pg/m3sa) by using the air flow rate and the sampling duration (std refers to
the standard conditions of 20 °C, and 760 mmHg, to which the total volume of the sucked air
should be referenced).

The PM10 measurement method is the same that is followed for the total suspended
particulates (TSP) except for the restriction of the size of the collected particulates at the filter

paper by using the separating technique.

3. Reagent, Equipments and Materials.

[Reagent] Quantity [Equipments and Materials] Quantity
None Glass fiber filter paper 1
PM10 high volume air sampler 1
(filter holder: 8 in X 10 in)
Size separating technique (sizes 1

equal to and less than 10 um)
Balance (minimum reading: 0.1 mg)
Thermometer
Barometer

Desiccator

o e e

Filter paper holder

4. The structure of the measuring equipment

o
ra

VI A

Figure 1 PM10 high volume air sampler (with shelter at the top)




5. Operation details

(1) Constant weight of filter paper before sampling

(D Writing a number on the filter paper and keeping it in the desiccator (at least 24 hours)
Write a number at the angle of the glass fiber filter paper, and keep it inside the
desiccator for at least 24 hours under the constant condition of temperature, 20 °C, and
relative humidity, 50 %. Make sure that there is no cut in the filter paper.

@ Measuring the weight the filter paper soon after taking it out of the desiccator
Measure the weight of the filter paper after finishing the keeping time with the minimum
reading of 0.1mg (i.e., we accept four digits at the right of the decimal in the unit gram,
and ignore the fifth digit). Record the number and the weight on the sampling recording
sheet.

(2) Carrying out the sampling

(1) Selection of the sampling point
In general, select the sampling point so that it always represents an average air pollution
condition, and should be far from the direct effect of emission sources and vehicles
emission.
In reverse, if the objective is to grasp the effect of a source of pollution, the sampling point
can be selected to satisfy this goal.

(2) Placing the filter paper and the recording chart into the sampler
Open the shelter of the PM10 high volume equipment and place the filter paper, which
has been weighed previously. Also, put the recording chart in the chart holder. In case of
bad weather conditions, care must be taken to avoid the damage of the filter paper.

(3) Warming up the sampler
Close the shelter of the PM10 high volume equipment and warm it up for at least 5
minutes.

(4) Setting the suction flow rate and the sampling duration
Put the recording chart in the chart holder and adjust the start time on the chart by using
a screwdriver (make a sign on the chart indicating the exact start time). Set the suction
air flow rate at nearly 1m3/min. Generally, sampling duration is 24 hours, and it can be
set through the timer attached to the sampler. Record the parameters of air temperature,
atmospheric pressure, weather conditions, and the name of the sampling location.

(5) Starting the sampling, and recording its start time
Finally, start the sampling and record the start time on the sampling recording sheet.

(6) End of the sampling, collecting the filter paper and the recording chart, and recording the

stop time of the sampling

At the end the sampling process we must pick up the filter paper from the sampler and
the recording chart from its holder. While holding the filter paper from its end, care must
be taken to avoid the scatter of the collected particulates.
Write down the stop time of the sampling on the sampling recording sheet (make a sign
on the chart indicating the exact stop time).
Bend the filter paper by keeping its particulates-collected surface inside, put it in the
filter paper holder, and take it to the lab.




(3) Constant weight of filter paper after sampling

(D Keeping the filter paper in the desiccator (at least 24 hours)
Following the same procedure of that before the sampling, keep the filter paper of the
collected dust inside the desiccator for at least 24 hours under the constant condition of
temperature, 20 °C, and relative humidity, 50 %. Make sure that there is no cut in the
filter paper and whether there is a difference, physical damage, with the filter condition
before carrying out the sampling.
In case there is a partial crack, filter weight drop is possible.

@ Measuring the weight of the filter paper soon after taking it out of the desiccator
Measure the weight of the filter paper after finishing the keeping time with the minimum
reading of 0.1mg (i.e., we accept four digits at the right of the decimal in the unit gram,

and ignore the fifth digit). Record the weight on the sampling recording sheet.

(4) Calculating the concentration of PM10
(D Calculating the concentration of PM10 in the air
The concentration of PM10 in the ambient air is calculated by using the following

equation:

(W, —W, )x10°

Vg, xt

PM10 =

In this equation:

PM10: concentration of PM10 [ug/m3]

Wz, Wi Weights of the filter paper after and before sampling, respectively [g].
106: conversion of g to pg.

t: sampling duration [min]

V, : air flow rate [m3/min] at the standard conditions; 20 °C, 760 mmHg.

It can be calculated from the following equation:
. . p 273+20
V., =V, . X X
WTT7607 273+ T

In this equation:

\'/Chart * air flow rate taken from the recording chart [m3/min]

p- average pressure at the sampling location [mmHg]

T: average air temperature during sampling [°C]




Standard Operation Procedure (SOP)-04
Sampling and Concentration Calculation Procedure of
Total Suspended Particulate Matters (TSP)

Air Quality Analysis



SOP Work Sheet (Air quality)

Date of preparing

Measuring substance

Total Suspended Particulate Matter (TSP)

Measurement method

Gravimetric Method

1. Measurement flowchart and main items

(1) Constant weight of filter paper before sampling

the desiccator.

A 4

(D Writing a number on the filter paper and keeping it in the desiccator
(at least 24 hours).
@ Measuring the weight of the filter paper soon after taking it out of

(2) Carrying out the sampling

CNONCECECNGC)

Selection of the sampling point.

Placing the filter paper and the recording chart into the sampler.
Warming up the sampler.

Setting the suction flow rate and the sampling duration.
Starting the sampling, and recording its start time.

End of the sampling, collecting the filter paper and the recording chart,

\4 and recording the stop time of the sampling.

(3) Constant weight of filter paper after sampling

(D Keeping the filter paper in the desiccator (at least 24 hours).

@ Measuring the weight of the filter paper soon after taking it out of

the desiccator.

(4) Calculating the concentration of TSP

(D Calculating the concentration of TSP in the air




2. Measurement Principle.

By using TSP high volume air sampler the total suspended particulates in the air is collected

at the filter paper. Through the difference in the weights of the filter paper after and before

the sampling (under constant condition of temperature and relative humidity) we can

calculate the concentration of TSP (in the unit: ng/m3sa) by using the air flow rate and the

sampling duration (std refers to the standard conditions of 20 °C, and 760 mmHg, to which

the total volume of the sucked air should be referenced).

3. Reagent, Equipments and Materials.

[Reagent]

None

Quantity

[Equipments and Materials]

Glass fiber filter paper
TSP high volume air sampler

(filter holder: 8 in X 10 in)
Balance (minimum reading: 0.1 mg)
Thermometer
Barometer
Desiccator

Filter paper holder

Quantity

1
1

[ R

4. The structure of the measuring equipment

Figure 1 TSP high volume air sampler (with shelter at the top)




5. Operation details

(1) Constant weight of filter paper before sampling

(D Writing a number on the filter paper and keeping it in the desiccator (at least 24 hours)
Write a number at the angle of the glass fiber filter paper, and keep it inside the
desiccator for at least 24 hours under the constant condition of temperature, 20 °C, and
relative humidity, 50 %. Make sure that there is no cut in the filter paper.

@ Measuring the weight the filter paper soon after taking it out of the desiccator
Measure the weight of the filter paper after finishing the keeping time with the minimum
reading of 0.1mg (i.e., we accept four digits at the right of the decimal in the unit gram,
and ignore the fifth digit). Record the number and the weight on the sampling recording
sheet.

(2) Carrying out the sampling

(1) Selection of the sampling point
In general, select the sampling point so that it always represents an average air pollution
condition, and should be far from the direct effect of emission sources and vehicles
emission.
In reverse, if the objective is to grasp the effect of a source of pollution, the sampling point
can be selected to satisfy this goal.

(2) Placing the filter paper and the recording chart into the sampler
Open the shelter of the TSP high volume equipment and place the filter paper, which has
been weighed previously. Also, put the recording chart in the chart holder. In case of bad
weather conditions, care must be taken to avoid the damage of the filter paper.

(3) Warming up the sampler
Close the shelter of the TSP high volume equipment and warm it up for at least 5
minutes.

(4) Setting the suction flow rate and the sampling duration
Put the recording chart in the chart holder and adjust the start time on the chart by using
a screwdriver (make a sign on the chart indicating the exact start time). Set the suction
air flow rate at nearly 1m3/min. Generally, sampling duration is 24 hours. Record the
parameters of air temperature, atmospheric pressure, weather conditions, and the name
of the sampling location.

(5) Starting the sampling, and recording its start time
Finally, start the sampling and record the start time on the sampling recording sheet.

(6) End of the sampling, collecting the filter paper and the recording chart, and recording the

stop time of the sampling

At the end the sampling process we must pick up the filter paper from the sampler and
the recording chart from its holder. While holding the filter paper from its end, care must
be taken to avoid the scatter of the collected particulates.
Write down the stop time of the sampling on the sampling recording sheet (make a sign
on the chart indicating the exact stop time).
Bend the filter paper by keeping its particulates-collected surface inside, put it in the
filter paper holder, and take it to the lab.




(3) Constant weight of filter paper after sampling
(D Keeping the filter paper in the desiccator (at least 24 hours)
Following the same procedure of that before the sampling, keep the filter paper of the
collected dust inside the desiccator for at least 24 hours under the constant condition of
temperature, 20 °C, and relative humidity, 50 %. Make sure that there is no cut in the
filter paper and whether there is a difference, physical damage, with the filter condition
before carrying out the sampling.
In case there is a partial crack, filter weight drop is possible.
@ Measuring the weight of the filter paper soon after taking it out of the desiccator
Measure the weight of the filter paper after finishing the keeping time with the minimum
reading of 0.1mg (i.e., we accept four digits at the right of the decimal in the unit gram,
and ignore the fifth digit). Record the weight on the sampling recording sheet.
(4) Calculating the concentration of TSP
(D Calculating the concentration of TSP in the air
The concentration of TSP in the ambient air is calculated by using the following

equation:
(W, —W, )x10°
vcal xt

TSP =

In this equation:

TSP: concentration of TSP [ug/m3]

Ws Wi Weights of the filter paper after and before sampling, respectively [g].
108: conversion of g to ug.

t: sampling duration [min]

V, : calibrated air flow rate [m3/min]. It can be calculated by using the equation:

Vcal =a+ bvstd

This equation along with the constants a and b values are found in the calibration
sheet that is attached to each air sampler device provided by the General

Commission of Atomic Energy in Syria (note: the constants are different for each

device).

Vstd : air flow rate [m3/min] at the standard conditions; 20 °C,760 mmHg.

It can be calculated from the following equation:
. . p 273+20
V., =V, . X X
WTT7607 273+ T

In this equation:

\'/Chart * air flow rate taken from the recording chart [m3/min]

p- average pressure at the sampling location [mmHg]

T: average air temperature during sampling [°C]




Standard Operation Procedure (SOP)-05
Sampling and Concentration Calculation Procedure of
Lead (Pb)

Air Quality Analysis



Date of preparing

SOP Work Sheet (Air quality)

Measuring substance | Lead (Pb)

Measurement method | Collection of filter paper of high volume

air sampler,...etc.

Analysis method Acid extraction, atomic absorption

spectrophotometer (AAS)

1. Measurement flowchart and main items

(1) Collection of samples

1 @D Collection of samples.

| (2) Preparation of the samples

(D Preparation of the sucked air filter paper.
@ Preparation of the blank filter paper.

(3) Making the analysis

(O Making the lead standard undiluted solution (100 pg Pb/mL).
@ Setting the frame of the atomic absorption spectrometer.
@ Drawing the calibration curve.

@ Measuring the absorbance of the samples.

v

(4) Calculating lead concentration in the atmospheric air

@D Calculating lead concentration in the atmospheric air.




2. Measurement Principle.

By using high volume air sampler for 24 hours of sampling, the suspended particulate

matters in the air would be collected at the glass fiber filter paper. Lead that exists inside the

collected particulate matters is dissolved in an acid solution and, thus, the sample is

prepared. Sample content of Pb is analyzed using the atomic absorption spectrophotometer

(AAS).

3. Reagent, Equipments and Materials.

[Reagent]
Nitric acid (1:1) (HNOs)
Hydrogen peroxide (30 %) (H202)
Lead nitrate (Pb(NOs3)2)

Quantity

121 mL
50 mL
0.160 g

[Equipments and Materials]
Glass fiber filter paper
High volume air sampler

(with shelter)
Hole pipette
Beaker (300 ~ 500 mL)
Volumetric flask (25 mL)
Volumetric flask (100 mL)
Volumetric flask (1 L)
Watch dish
Aspirator
Filter paper (No. 5C)
Hot plate (sand bath)
Atomic absorption

spectrophotometer

Acetylene gas cylinder
Air gas cylinder
pH meter

Quantity

2
1

Various
1
2
few

few

few

4. The structure of the measuring equipment

Figure 1 High volume air sampler (with shelter at the top)




5. Operation details

(1) Collection of samples (Note 1)
D Collection of samples
Refer please to the written procedure, SOP, of the measurement of the total suspended
particulates (TSP).

(2) Preparation of the samples (Note 2)
1) Preparation of the sucked air filter paper

The following procedure is carried out for preparing the sucked air filter paper:




|| Filter paper Sucked air filter paper
' |
Dividing

| First division size 3/4 | | Second division size 1/4

(the size is decided

according to Pb content)

(Keep as spare) I
Cutting (Small pieces)

!

Beaker 500 mL

«—— Acid mixture 150 ml:
Nitric acid (1:1) 120 mL
Hydrogen peroxide (30 %) 30 mL

Put watch dish on the beaker, and Heating |¢— (Boiling for 2 hours)
put the beaker on a hot plate

inside the draft chamber.

Note: avoid concentration.

«———— Hydrogen peroxide (30 %)
10 mL (twice)

Cooling

Aspiration Filter paper (No. 5C)

@!@4_ 4 ~ 5 times with 10 mL

distilled water

Residue | Filtration |

Disposal ¢
| Beaker (300 ~ 500 mL) |

On the hot plate inside the _| Concentration by heating | Up to nearly 50 mL
draft chamber

On the hot water inside ---- | Concentration by heating | Up to nearly 5 mL
the draft chamber
Add water to the concentrated sample.

Remove it to a volumetric flax of the | Volumetric flask 25 mL |<— Water

size 25 mL, and adjust the volume up to "

the marked line. || Sample analysis




2) Preparation of the blank filter paper
We follow the same procedure mentioned above to prepare a new filter paper as a blank
test.

(3) Making the analysis

1) Making the lead standard undiluted solution (100 pug Pb/mL)
Dissolve 0.160 g of lead nitrate in water, add nitric acid (1:1) 1 mL and put it in
volumetric flask of the size 1 L, then adjust the volume by adding water up to the marked
line.

2) Setting the frame of the atomic absorption spectrometer
For the analytical purpose, set the following condition of the frame of the atomic
absorption spectrometer:
Wavelength: 217.0 nm or 283.3 nm
Gas flow rate: acetylene (1.7 L/min), air (15 L/min)

3) Drawing the calibration curve
Arrange volumetric flaxes of the size 100 mL, and put standard undiluted solution (100
ug Pb/mL) of the amounts: 0.3, 0.6, 1.0, 2.0, 4.0, 6.0 mL in flaxes, respectively. Measure
the solutions pH and once they reach a similar condition of the sample solution add nitric

acid, then adjust the volume by adding water.

Withdraw standard undiluted solution (100 pg Pb/mL) |
(0.3, 0.6, 1.0, 2.0, 4.0, 6.0, mL)

Volumetric flask 100 mL |

i «—— Nitric acid 10 mL

Volume adjustment [¢— H20

Series of standard solutions |

Atomic absorption measurement | (217.0 nm or 283.3 nm)

=

\/

|| Drawing the calibration curve

4) Measuring the absorbance of the samples
By measuring the absorbance of the blank sample solution and the sample solution, we
can obtain their concentrations (ug Pb/mL).
(4) Calculating lead concentration in the atmospheric air
(D Calculating lead concentration in the atmospheric air

The concentration of the lead in the atmospheric air is calculated by using the following




equation:

(Ms—Mb)x E xS
Sx V,,

C:

In this equation:

C: concentration of lead in the atmospheric air [ug Pb/m3]

Ms: concentration of lead in the sample solution [pg Pb/m3]

Mb: concentration of lead in the blank sample solution [pug Pb/ms3]

E: Quantity of the sample solution obtained as explained in the step "(2) Preparation of
the samples" [mL]

S: area of the sample collecting filter [cm2]

s: area of the filter division used for analysis [cm?]

Vao: total sucked air volume, during the sampling, referenced to 20 C [m3]

Points of consideration:

(Noticel): Avoid the dropping of the collected dust, and make sure that there are
no residues in the keeping container.
(Notice2): Wash the watch dish and the keeping container, and make sure they

are not contaminated during the analysis process.




Standard Operation Procedure (SOP)-06
Sampling and Concentration Calculation Procedure of
Ozone (03)

Air Quality Analysis



SOP work sheet (air quality)

Date of preparing

Measuring substance

Ozone (Os)

Measuring method

Neutral Potassium lodide

1. Measurement flowchart and main items

(1) Preparation of equipments and tools | (Reference)

\ 4

(D Selection of the absorption tube
@ Preparation of the handy sampler

(2) Adjustment of the reagents

v

(D Making the absorption solution
@ Making the standard Iodine undiluted solution (1.056 g/L)
(® Making the standard Iodine solution (O3 10 uL/mL)

(3) Carrying out the measurement

v
(4) Making the analysis

(D Establishment of the sampling locations
@ Collecting the samples

(D Measuring the absorbance of the collected samples

@ Measuring the absorbance of the standard Iodine solution

(5) Calculating the concentration

D Drawing the calibration curve

@ Calculating the concentration of Os




2. Measurement principle

In proportion to ozone quantity, Potassium Iodide (KI) releases Iodine. By measuring the

absorbance of the yellow-colored Iodine, the ozone quantity can be determined. Fundamentally, for

1 mol of ozone (O3), 1 mol Iodine (I2) is released:
2KI + H20 + O3 — I2 + 2KOH + O3

If the air samples contain SOz, the release of Iodine is reduced, therefore, firstly spreading

Chromium trioxide on the filter and placing it in the oxidation container prevents the harm effect.

3. Reagents, equipments, and materials

[Reagents] Quantity [Equipments] Quantity
Potassium dihydrogenphosphate 13.6g Absorption tube (nozzle) 2
(KH2PO4) Flow meter 1
Disodium hydrogenphosphate 14.20g (0.2 ~ 1 L/min precise
(Na2HPO4 - 12H20) measurement glass
Potassium iodide (KI) 10.0g flow meter)
16g Oxidation container 1
Todine (I2) 1.056g (Chromium trioxide
Chromium trioxide (CrOs) 2.5g spread paper filter)
Concentrated sulfuric acid 0.7ml Suction pump 1
Beaker 500 mL 1
Beaker 200 mL 1
Volumetric flask 1 L 1
Volumetric flask 500 mL 1
Volumetric flask 100 mL 1
Hole pipette 10 mL 1
Hole pipette 5 mL 1
Graduated pipette 1 mL 1
Volumetric flask 25 mL 6
Spectrophotometer or 1

colorimeter (around 362

nm)




4 . The structure of measuring equipments

@ m m V
e @ 30ml%

L

[

l—
® J T

gy ||

@
@ Filter @ oxidation container
@ Absorption tube @ Protecting tube
® Flow meter ©® Pump ¢ 1 mm
\5 j
—
Fig.1 Measurement setup Fig.2 Example of absorption tube

(midget impinger)

5. Operation details

(1) Preparation of equipments and tools

(D Selection of the absorption tube
As it is shown in Fig.2, the absorption tube is of the nozzle type and made of glass. The cover of
the absorption tube is made of Aluminum foil.

@ Preparation of the oxidation container (Chromium trioxide paper filter impregnation)
Sulfurous acid gas and others are substances that cause reduction, i.e., their presence lead to
the reduction of Os concentration. Therefore, the influence of the sulfurous acid gas is
prevented in the oxidation container. The oxidation container is filled with a fiber glass filter
which is impregnated, saturated, with Chromium trioxide. The filling of oxidant in a tube of U
letter shape with a volume of 140 mL is ideal. For simplicity, a cylindrical glass tube (about ¢

15 mm X 300 mm) can be used as a filling method.




Distilled water 15 ml

¢—— Chromium trioxide 2.5 g

««—— Concentrated sulfuric acid 0.7 ml

Dissolution
¢ (Paper filter Area:
Spread on the fiber glass paper filter 400 cm?2)

Drying (80 ~ 90 C, 1 hour)

Cutting the paper filter (About 5 mm X 20 mm)

Bending as letter V shape

v

Total filled quantity (Absorption tube of
| U letter shape)

% life time of the oxidant:
about 1 month.
% If the color of the filter is || Oxidation container ||

changed, replace it. L

| Ventilation | (1 L/min, 12 hours)

3¢ If the filling of the oxidant is in a cylindrical glass tube (about ¢ 15 mm X300 mm),

cut the filter paper into long and narrow parts and insert in the tube.

@ Preparation of the handy sampler
The arrangement of the sampler starts after completing its electrical charging (in case there is

no power supply in the sampling location).
(2) Adjustment of the reagents (annotation 2)

(D Making the absorption solution

Making 1 % neutral Potassium Iodide solution.




Potassium Iodide 10 g

'

Beaker 500 mL

«——Potassium dihydrogenphosphate 13.6 g

4¢— Disodium hydrogenphosphate 14.2 g

<+—— Water (About 400 mL)

Dissolution

|

Volumetric flask 1 L

Adding few droplets of standard solution

Decomposition of reductive substance

Adjustment [<—— Hz20

_ 1 day in dark place
.. ‘
Absorption solution Leaving it at room temperature

should be preserved

Possible preservation is

in brown bottle || Absorption solution

1 month in refrigerator

(® Making the standard Iodine solution

a) Making the standard Iodine undiluted solution (100 pL O3 /mL)
Put 16 g of Potassium iodide in a 200 mL beaker, and add nearly 100 mL of water to dissolve it.
Then, measure an accurate 1.056 g of Iodine and add it to the beaker to be dissolved. Put the
obtained solution in a 1000 mL volumetric flask, and add water up to the 1000 mark. The
stability of the solution is as long as 90 days.

Molecular weight of Iz is 253.81 g/mol
1 mol of Todine (I2) = 1 mol of ozone (O3) = 24.04 L (at 760 mmHg and 20 °C)

253.81g X 1071
24.04 L

= 1.056 g (I)
Thus, 1.056 g/ 1000 mL = 100 pL Os/mL

b) Making the standard Iodine solution (0. 1056 g/1000 mL)
Put 10 mL of standard Iodine undiluted solution in 100 mL volumetric flask, and diluted it by

adding 10 times of absorption solution (100 mL), therefore we get standard Iodine solution (0.
1056 g/1000 mL).

Standard solution 1 mL = 10 pL O3 (20 C. 760 mmHg)




Beaker 200 mL

<4¢—— About 100 mL H20
<+— Kll6g

Dissolution

«—— I» 1.056 g (accurately)

Dissolution

v

Volumetric flask 1 LL |

Adjustmen [¢— H:20
II

I2 standard undiluted

solution

Preserve in brown bottle

% leave for 1 day
(03100 pL/I2 standard | Withdraw 10 ml
undiluted solution 1 mL)

Volumetric flask 100 mL

Adjustmen [«— Absorption solution

I> standard solution (0310 pL/ mL)

(8) Carrying out the measurement

(D Establishment of the sampling locations
To exclude the influences of topography and structure complexities, the measurement location
should be selected in an area that represents reliability. The height of the sampling inlet from

the ground is in the range 1.5 m ~ 10 m.

@ Collecting the samples

The collection of the samples is achieved by the following procedure:

a) (O Filter, @ Oxidation container, @ absorption tube (nozzle), @ Protection tube, ®
Flow meter, ® Pump. All are assembled together for sampling.
(If the handy sampler is used, the sampling setup is done)

b) Withdraw an accurate 10 mL of absorption solution and insert it in the absorption tube.

¢) Let the air samples flow at the rate 1 L/min. The suction process should continue until
enough coloring occurs (about 60 minutes). (Quantity of sucked air must be recorded. Also,
the values of the air temperature and pressure must be recorded if they are greatly
different from 20 °C and 760 mmHg).




@

10 mL

@
/N

€ Ozone is absorbed in the absorption tube therefore, color is changed into yellow.

(@ Making the analysis of the solution samples

By letting the air samples flow, the color of the solution changes due to the absorption of ozone

(O3). The coloring comes to completion quickly at normal temperature.

It is preferable to measure the absorbance less than 60 minutes after sampling. In case of

change in the volume of the solution samples, adjust the volume by adding 10 mL of distilled

water.

Establishment of sampling location

Recording the

conditions

Preparation of handy sampler

Adjusting the air flow

A\ 4

Attach to the handy sampler

(1 L/min)

Impinger [¢«———— Absorption solution 10 mL

Establishment of sampling duration (60 min)

Start the sampling

Confirmation of air flow before

ending the sampling

Correction of solution quantity

U

" Go to "making the analysis" "

Establishment of air flow

(1 L/min)

If there are losses in the vapor




(4) Making the analysis

(D Measuring the absorbance of the collected samples

Put a cover at the top of the cell after inserting sample quantity in it, and put each cell in its

folder in the spectrophotometer then measure the absorbance at the wavelength 362 nm (the

blank solution is distilled water).

@ Measuring the absorbance of the standard solution Iz and drawing the calibration curve

a)

b)

c)

Arrange volumetric flaxes of the size 25 mL, and put Iz standard solution of the amounts:
0, 0.5, 1, 1.5, 2, 2.5 mL in flaxes, respectively. Then, add absorption solution up to the
marked line (up to 25 mL) for dilution.
Ozone concentration: 10 pL Os/1 mL Iz standard solution (20 °C, 760 mmHg)

Mix the solution in each flax, and measure the absorbance at the wavelength of 362 nm (it
is not important to leave the solutions as they are for a certain time before absorbance
measurement).

The calibration curve is obtained by plotting the relation between the quantity of Os (uL)

in 10 mL of each solution of the flaxes and the corresponding absorbance values (correction

values).

Ozone concentration in the standard solution (I2) is: 10 pL O3/1 mL
I2 standard solution 0 mL 0.5 mL 1 mL 1.5 mL 2 mL 2.5 mL
O3 quantity in the 0 pL 5 uL 10 pL 15 uLL 20 puL 25 uL
standard solution
Os quantity after adding 0 uL 5 uL 10 pL 15 pLL 20 pL 25 pLL
absorption solution up to
25 mL
O3 quantity in 10 mL of 0 pL 2 uLL 4 uLL 6 uL 8 uL 10 uLL
the above mentioned
solution
Absorbance




Collected samples Drawing the calibration curve

Withdraw standard solution

0, 0.5,1, 1.5, 2, 2.5 mL)

v

Correction of losses in Distilled Volumetric flask 25 mL
-«

the vapor (10 mL) water

Adjustment |<— Absorption solution

Mixing
Measuring the absorbance Measuring the absorbance | (362 nm, 1 cm cell)
| | (Blank cell is
u distilled water)

Go to "Calculating the concentration"

(5) Calculating the concentration

(DCalculating the concentration of O3
Measure the absorbance of the absorption solution in the absorption tube after the sampling,
and with help of these values Os concentration is obtained.
From the calibration curve you find the quantity of Iz standard solution (mL) that corresponds
to an absorbance value of 1. Then, multiply the obtained value by 4 to get the parameter M.
Otherwise, instead of using the quantity of I2 standard solution (mL), find the quantity of Os
(uL) in the 10 mL solution (after adding absorption solution) that corresponds to an

absorbance value of 1 by the direct reading form the calibration curve.

M is the quantity of O3 (L) corresponds to the absorbance value 1 of the 10 mL solution (after
adding absorption solution).
(M = ? uL Os corresponds to Abs= 1.000)

The following equation is used to calculate the concentration:

Os concentration (ppm) = absorbance of Os absorption solution (correction value) X M/V
In this equation:
V: Sucked quantity of air sample (L).
(Correction value) = (Absorbance of sample solution)—( Absorbance of absorption solution)

[Explanation]
For convenience, the volume of a gas is calculated at the standard conditions of 760 mmHg,
20 °C. Therefore, the volume of 1 mol ideal gas equals 24.04 L. (The volume becomes 24.47 L if

the temperature is 25 ‘C and at the same pressure). By expressing the quantity of the air




sample in L, the collected Os is expressed in pL).

1.50

1.00

Abs

0.50

|
0
0 0.5 1 1.5 2 2.5 mL Standard solution
0 2 4 6 8 10  pL O3/10 mL Absorption
solution
Concentration

Points of consideration

(Annotation)

€ The oxidation gases O3, NOg, and PAN are called Ox.

€ System measurement sensitivity is 0.01 ppm at the air flow of 1 L/min and sampling duration

of 60 minutes.
€ You do not need to standardize the Iodine standard solution if you accurately collect Iodine.
(Note 1) Using bubbler absorption tube instead of the nozzle one reduces the obtained
concentration of Os.

(Note 2) Long sampling duration needs care. The maximum duration is 1 hour.

(Note3) When carrying out the sampling, avoid exposing the absorption solution to the direct sun
rays.

(Note 4) In addition to Os, the absorption solution releases Clz and PAN in addition to organic
oxides iodine, even NOz causes the concentration to increase by nearly 10 %. However, by
considering the effect on human body, there is a point of view that there is no difference

between the above-mentioned substances.




(Note 5) If there is a direct contact between the air sample and the silicon tube, care must be taken
that Os partially decomposes. Therefore, if there is no material other than silicon, use as
short tube as possible (Teflon is the best).

(Note 6) Add very small quantity of the standard solution, droplet by droplet, to the prepared
absorption solution and stop the adding process when the smallest noticeable change of

the color occurs, then leave the solution as it is for about 12 hours.




Standard Operation Procedure (SOP)-07
Sampling and Concentration Calculation Procedure of
Ammonia (NH3)

Air Quality Analysis



SOP work sheet (air quality) Date of preparing

Measuring substance

Ammonia (NHs)

Measuring method

Nessler

1. Measurement flowchart and main items

(1) Preparation of equipments and tools | (Reference)

\ 4

(D Selection of the absorption tube
@ Preparation of the handy sampler

(2) Adjustment of the reagents

v

(D Making the absorption solution
@ Making the standard NH4 undiluted solution (3.819 g/L)
(® Making the standard NH4 solution (NH3 0.01 mg/mL)

(3) Carrying out the measurement

v
(4) Making the analysis

(D Establishment of the sampling locations
@ Collecting the samples

(D Measuring the absorbance of the collected samples

@ Measuring the absorbance of the standard NHa solution

(5) Calculating the concentration

D Drawing the calibration curve

@ Calculating the concentration of NH3

The followings are methods used for measuring ammonia concentration:

D Nessler
@ Indophenol

In the current SOP, the Nessler method is adopted.




2. Measurement principle

Ammonia (NH3) reacts with Nessler's reagent, and the color becomes yellow in proportion to the

concentration. By measuring the absorbance of the yellow-colored solution,

ammonia

concentration can be determined. If 100 fold or more of Nitrous acid ion or Sulfide ion are

intermixed in the solution sample, the absorbance of NHs becomes large. In case there is

Formaldehyde, the absorbance of NHs becomes small. If the sampling location is not close to an

area where such substances are released, no problem is encountered.

3. Reagents, equipments, and materials

[Reagents]
Potassium iodide (KI)
Mercury (IT) chloride (HgCLz)
Potassium hydroxide (KOH)
(or, Nessler's reagent)

Potassium sodium tartarate

(COOKCHOH - CHOHCOONa -

4H-0)
Boric acid

Quantity

[ Equipments]

5g
25¢g
15¢g

50 g

25¢g

Quantity

Absorption tube (bubbler)
Flow meter
(0.2 ~ 1 L/min precise
measurement glass flow
meter)
Suction pump
Beaker 1000 mL
Beaker 200 mL
Beaker 50 mL
Volumetric flask 1 L
Hole pipette 10 mL
Graduated pipette 10 mL
Graduated pipette 5 mL
Testing tube 25 mL
Spectrophotometer (400 nm)

2
1

= O = = = N W

4 . The structure of measuring equipments

@ © @
Ofilter

®absorption tube (stage 2)
®Flow meter

Fig.1 Measurement setup

®

@absorption tube (stage 1)

@®Protecting tube
®Pump

JL:,

[
lJ —T
Bubbler

\é.

30 ml%

Fig.2 Example of absorption tube
(bubbler impinger)




5. Operation details

(1) Preparation of equipments and tools

(D Selection of the absorption tube
As it is shown in Fig.2, the absorption tube is of the bubble type and made of glass. There are
two absorption tubes connected in series (the air sample is sucked into the first tube and ten
to the second tube).
@ Preparation of the handy sampler
The arrangement of the sampler starts after completing its electrical charging (in case there

is no power supply in the sampling location).
(2) Adjustment of the reagents (annotation 2)

(D Making the absorption solution
Weigh 2.5 g of Boric acid and dissolve it in purified water up to 500 mL.

Boric acid 2.5 g

|

Beaker 1000 mL

About 500 mL H20

Dissolution

Absorption solution ||

@ Making the standard ammonium sulfate solution, (NH3)2SO4

a) Making the standard ammonium sulfate undiluted solution (2.745 g/L)
Dry 2.745 g of ammonium sulfate at the temperature 130 °C, and put it in a 200 mL beaker.
Then add about 100 mL water for dissolution. Put the solution in 1000 mL volumetric flask,

and adjust the volume by adding water. The solution is 1000 pL. NHs/mL.

Molecular weight of ammonium sulfate, (NH3)2SO4, is 132 g/mol
1 mol of (NH3)2SO4 = 2 mol of NH3 = 24.04 L. X 2 (at 760 mmHg and 20 °C)

132 ¢

__228  _ 9745 ¢ (NH»)2SO
24.04 LX2 g (NH2:804)

Thus, 2.745g/1000 mL = 1000 pLL NH3/mL
b) Making the standard ammonium sulfate solution (10 pL NH3/mL)

Put 10 mL of standard ammonium sulfate undiluted solution in a volumetric flask 1000 mL,
and add 100 fold of purified water to dilute it. Therefore, we obtain 10 pL. NH3/mL solution.




Standard solution 1 mL = 10 uL NH3 (20 °C, 760 mmHg)

Beaker 200 mL |

<+ (NH3)2S042.745 ¢
<+—— About 100 mL H20

Dissolution

Volumetric flask 1 LL

Adjustmen [¢— H20

(NH3)2S04 standard

undiluted solution

NH3 1000 pL / standard | Withdraw 10 ml |
undiluted solution 1 mL ¢
Volumetric flask 1000 mL
| Adjustment |[¢— H:0
NHs 10 pL /mL (NH3)2S04 standard solution

(® Making the coloring solution

a) Preparing the Nessler's reagent

Put 5 g of Potassium iodide in 200 mL Erlenmeyer flask (or a beaker), and add 5 mL of water
for the dissolution. Dissolve 2.5 g of mercury II chloride (HgCl2) in 10 mL hot water, and then
add little by little of it to the previously made solution. Continue adding until precipitation
starts to form (until saturation takes place so that particles do not dissolve), and then cool
the solution. The next step is to dissolve 15 g of potasium hydroxide in 30 mL water, and
then add water until you get a solution of 100 mL. The last step is to withdraw 0.5 mL of the
previously made mercury II chloride (HgCl2) solution, and put it in the 100 mL solution of
sodium hydroxide and water, then centrifuge the obtained solution (or leave it). Preservation

period is 1 month.




| KOH 15 g | | Mercury II chloride (HgClo) 2.5 g | | KI5g |

v v v

| 100 mL beaker | | 25 mL test tube | | 200 mL beaker |
«— About 30 mL HoO |«—— Hot H:20 <«—— H205mL
10 mL
Dissolution | Dissolution | | Dissolution |
! (Precipitati
— pitation
| Mixing dissolution)
Adding little by L,
little Remaining of
Precipitation
part of
formation C .
precipitation
~
_/
H=0
Withdraw 100 mL,
0.5 mL

| Centrifuging | (Or leave it)

|| Brown vessel "

% Nessler reagent can be bought for the market.

X It is possible to preserve Nessler reagent for 1 month.

Scientific note:

In precipitation reactions, two soluble ionic compounds react to form an
insoluble product, a precipitate. When solutions of such ions are mixed, the
ions collide and stay together, and the resulting substance “comes out of

solution” as a solid.

b) Rochelle salt solution
Dissolve 50.0 g of Sodium Potassium Tartarate (COOKCHOH - CHOHCOONa - 4H20) in 100

mL of water.

(3) Carrying out the measurement

(D Establishment of the sampling locations
To exclude the influences of topography and structure complexities, the measurement
location should be selected in an area that represents reliability. The height of the sampling
inlet from the ground is in the range 1.5 m ~ 10 m.

@ Collecting the samples
The collection of the samples is achieved by the following procedure:
a) (D Filter, @absorption tube (bubbler), @ absorption tube (bubbler), @ Protection tube,
® Flow meter, ® Pump. All are assembled together for sampling process.
(If the handy sampler is used, the sampling setup is already done)

b) Put an accurate 10 mL of absorption solution in each of the two absorption tubes.




¢) Let the air samples flow at the rate 0.5 L/min. The suction process should continue until
considerable coloring occurs (about 60 minutes). (Quantity of sucked air must be
recorded. Also, the values of the air temperature and pressure must be recorded if they
are greatly different from 20 °C and 760 mmHg).

(@ Making the analysis of the solution samples
By letting the air samples flow, ammonia is captured by the absorption solution. Two
absorption tubes are used. When making the analysis, the sample of the second stage tube is
added to the sample of the first stage tube, therefore, the total solution sample quantity is 20
mL. If there is a loss in the total solution sample quantity by evaporation, it can be adjusted

by adding purified water up to 20 mL.




Establishment of sampling location

Preparation of handy sampler

Adjusting the air flow |«— (0.5 L/min)

Absorption tube |[¢«—— Absorption solution 10 mL X2

y
Attach to the handy sampler

Recording the Establishment of sampling duration |<4— (60 min)

conditions

Adjustment of air flow

Start th li «——
art the sampling (0.5 L/min)

Checking air flow before
ending the sampling

The sample of the second stage
4= tube is added to the sample of

the first stage tube

Mixing the samples solution of
the two absorption tubes

Correction of solution quantity |[«— If there is a loss by evaporation

U

" Go to "making the analysis" "

(4) Making the analysis

(D Measuring the absorbance of the collected samples
Add 0.5 mL of Potassium sodium tartrate and 0.5 mL of Nessler's reagent to the 20 mL
sample solution in which NHs is collected. Wait for 10 minuets and then measure the

absorbance at the wavelength of 400 nm (the blank cell contains purified water).

@ Measuring the absorbance of the standard solution (NH3)2SO4 and drawing the calibration
curve
a) Arrange 6 testing tubes of the size 25 mL, and put in each of them standard solution
(NH3)2S04 as follows: 0, 1, 2, 3, 4, 5 mL. Then, add a quantity of absorption solution in
each testing tube up to 20 mL.
1 mL of the standard solution (NH3)2SO4 contains 10 pL of NHs (20°C, 760mmHg)




b)

c)

Mix the solution in each tube well and wait for 10 minuets. Measure the absorbance at

the wavelength of 400 nm.
By drawing the relation between the ammonia quantity (uL. NH3) in each diluted

absorption solution of the 6 testing tube, and the absorbance corresponds to each solution,

we can draw the calibration curve.

Standard solution 0 mL 1 mL 2 mL 3 mL 4 mL 5 mL
(NH3)2S04

NH3 quantity in the 0 uL 10 uL 20 pL 30 pL 40 pL 50 pL
standard solution

NHs quantity after 0 uL 10 puL 20 uL 30 uL 40 pL 50 uL

adding absorption
solution up to 20 mL

Absorbance

Collected samples

Correction of losses by
evaporation (20 mL)

Drawing the calibration curve

Purified

water

Withdraw standard solution

A 4

0,1,2,3,4,5mL)

Testing tu

bes 25 mL

Adjustment up to 20 mL

0.5 L/min, 60 min

do not need correction

<«— Absorption solution

«— Potassium sodium

A

A

Mixing

Measuring the absorbance

Mixing

tartrate 0.5 mL

€4 Nessler's reagent 0.5 mL

Wait for 10 min

Measuring the absorbance

(400 nm, 1 cm cell)

U

Go to "Calculating the concentration"

(5) Calculating the concentration

(Blank cell is
distilled water)




(DCalculating the concentration of NHs
Measure the absorbance of the absorption solution in the absorption tube, and with the help
of this value the concentration can be obtained.
From the calibration curve we find the quantity of NHs (uL) that corresponds to an

absorbance value of 1. The obtained value represents M in the equation below.

M is the quantity of NHs (uL) corresponds to the absorbance value 1 of the absorption
solution 20 mL (refer to the figure below).

(M = ? pL NHs corresponds to Abs= 1.000)
The following equation is used to calculate the concentration:
NHs concentration (ppm) = NHs absorbance of absorption solution (corrected value) X M/V
In this equation:
V: Sucked quantity of air sample (L).
M: Absorbance factor (f), (NHs quantity in pL that corresponds to absorbance value 1)
(Corrected value) = (Absorbance of sample solution) —( Absorbance of absorption solution)

[Explanation]
For convenience, the volume of a gas is calculated at the standard conditions of 760 mmHg,
20 °C. Therefore, the volume of 1 mol ideal gas equals 24.04 L. (The volume becomes 24.47 L
if the temperature is 25 °C and at the same pressure). By expressing the quantity of the air

sample in L, the collected NHs is expressed in pL).




1.50 [~

1.00

Abs

0.50

|
0 1 2 3 4 5 mL Standard Solution
0 10 20 30 40 50 pL NHs /20 mL Absorption

solution

Concentration

Points of consideration

Annotation
= NH, —N breaks down protein and urea [CO(NHz)2 + 2H20—2NH3 + H2CO3] into ammonia

depending on the microorganisms.
= There are two methods for measuring ammonia concentration; Nessler and indophenole
blue. Because mercury is used in Nessler method, it is better to use indophenole blue
method. In the current measurement we implemented Nessler method instead of
indophenole blue method because of the lack of some reagents.
(Note 1) Using bubbler absorption tube increases the absorption efficiency.
(Note 2) Long sampling duration needs care. The preferable duration is 1 hour (the decision of the
sampling duration depends on the measurement region).
(Note 3) if more than 100 fold of nitrous acid ion or sulfide ion exist in the sample liquid solution
as a mixture, they become positive interfering substances (absorbance values increases),
formaldehyde becomes a negative interfering substance (absorbance values decreases).

However, there is no problem in general.




Standard Operation Procedure (SOP)-08
Sampling and Concentration Calculation Procedure of
Fluorine compounds (F)

Air Quality Analysis



Date of preparing

SOP work sheet (air quality)

Measuring substance | Fluorine compound (F)

Measuring method Alizarin complexone absorption photometry

(ALQ)

1. Measurement flowchart and main items

(1) Preparation of equipments and tools | (Reference)

(D Selection of the absorption tube
@ Preparation of the handy sampler

(2) Adjustment of the reagents

(D Absorption solution: distilled water
@ Making the standard HF undiluted solution (0.175 g/L)
@ Making the standard HF solution (HF 20 pL /mL)

(3) Carrying out the measurement

(D Establishment of the sampling locations
@ Collecting the samples

(4) Making the analysis

1 D Measuring the absorbance of the collected samples.

(5) Calculating the concentration

D Drawing the calibration curve.

@ Calculating the concentration of HF.

Important points:

» The chemical compound fluorine is a general term of fluoride ion, metallic
fluoride and others, and it is expressed as fluoride ion.

» Usually, when carrying an analysis, aluminum, cadmium, cobalt, iron, nickel,
lead, and others form interfering substances, therefore, by implementing a
distillation technique prior to analysis, fluoride ion is separated.

» In the current SOP, distillation equipment which does not use gaseous fluoride is
implemented for the analytical target. Therefore, care must be taken that the

analysis does not provide the total quantity of the chemical compound fluorine.




2. Measurement principle

The ion fluoride quantity can be determined by measuring the absorbance of the blue-colored

complexes that are resulted from the chemical reaction between Lanthanum (III) and the complexes

of Alizarin complexone and the ion fluoride.

Determination (measurement) range: 0 ~ 50 nL HF.

In general, because there are a lot of interfering substances, fluoride is separated in advance by

means of distillation. Furthermore, in the case of gaseous fluorine, the filter collects the SPM which

exist in the air samples and, therefore, prevent them from entering the absorption medium during

the sampling process.

3. Reagents, equipments and materials

[Reagents]

Quantity

Alizarin complexone dehydrate,
indicator grade (C19H15NOs.2H20)

Phenolphthalein (C20H1404)

Sodium hydroxide, pellets (NaOH)

Hydrochloric acid (HCI)

Lanthanum nitrate hexahydrate
[La(NO3)3.6H20]

Sodium acetate trihydrate
(CH3COONa.3H20)

Acetic acid (CH3COOH)

Acetone (CH3COCHs)

Sodium fluoride (NaF)

0.192 g

Small quantity

Small quantity

Small quantity
433 ¢

100 g
11 mL

Large quantity
0.175 g

[Equipments and
materials]
Absorption tube (nozzle)
Flow meter

(1 ~ 2 L/min precise

measurement glass flow

meter)
Suction pump
Beaker 500 mL
Beaker 300 mL
Volumetric flask 1 L
Volumetric flask 250 mL
Volumetric flask 100 mL
Volumetric flask 50 mL
Erlenmeyer flask 1 L
Erlenmeyer flask 300 mL
Polyethylene bottle 100 mL
Hole pipette 10 mL
Graduated pipette 5 mL
Graduated cylinder 100 mL
Spectrophotometer or

colorimeter

Quantity

1
1

[ S S N Gy S G

e e e e T e T S




4 . The structure of measuring equipments

RN ye!

@ ® @ ©

Dfilter @absorption tube
(®Protecting tube @Flow meter
®Pump

Fig.1 Measurement setup

Him i

Mm i

10m ]

B 3-3 Siks

Fig.2 Absorption tube (nozzle

impinger)

5. Operation details

(1) Preparation of equipments and tools
(D Selection of the absorption tube

As it is shown in Fig.2, the absorption tube is of the nozzle type and made of glass.
@ Preparation of the handy sampler
The arrangement of the sampler starts after completing its electrical charging (in case there is

no power supply in the sampling location).

Adjustment of the reagents (annotation 2)

@O Making the absorption solution

Absorption solution is distilled water.

@ Alizarin complexone (ALC) solution

a) Weigh 0.192 g of Alizarin complexone dehydrate [indicator grade (Ci9H15NOs.2H20)] and
suspend it, distribute it, in water of nearly 100 mL.

b) Add 2 mL of 2N-Sodium hydroxide and dissolve them completely.

¢) Adjust the pH of N/10 hydrochloric acid at 4.5.

d) Adjust the total quantity with water up to 200 mL.

@ Lanthanum nitrate hexahydrate solution

Dissolve 4.33 of Lanthanum nitrate hexahydrate [La(NOs)s.6H20] with water up to 1000 mL.

@ Buffer solution (pH = 5.2)

a) Dissolve 100 g of Sodium acetate trihydrate in water up to 200 mL.

b) Add 11 mL of Acetic acid and stir very well.

¢) Adjust the pH to the value 5.2 (by using pH detector). Acetic acid and sodium hydroxide are
used.

d) Adjust the total quantity with water up to 1000 mL.

® Mixture coloring solution

Mix the following substances with the mentioned quantities: 100 mL alizarin complexone

solution, 10 mL Lanthanum nitrate hexahydrate solution, and 100 mL buffer solution.

s 1 week of possible usage.




ALC solution

|
[ Beaker 200 mLL_|[¢— About 100 mL Hz0

|| Buffer solution ||

Beaker 500 mL

<«— ALCO0.192 ¢ Lanthanum nitrate

hexahydrate solution

| Stirring, Suspension |

(Note 1 below) “— 433g

Dissolution

 2N-NaOH (2 mL) La(NO3)s.6H20

Sodium acetate
Trihydrate 100 g

| About 200 mL I‘_ H20

<«— Acetic acid 11 mL

Stirring

N 1/10-HC1

Adjust pH =5.2 |<'—

By adding
acetic acid

| pH = 4.5 adjustment |‘_(Note 2 below)

\ 4 A 4

A4

Volumetric flask Volumetric flask
200 mL 1000 mL

Volumetric flask
1000 mL

| Adjustment |<_ H20 —>| Adjustment |<— H20 —>| Adjustment |

| Withdraw 100 mL | | Withdraw 10 mL |

| Withdraw 100 mL |

VvV VY

Mixing

Mixture coloring solution

Note 1: with respect to 2N-NaOH (2 mL):

Molecular weight of NaOH is 40 g/mol, therefore 40 g/L. = 1 N (1 normal)

Therefore: 4 g/100 mL=1N
Therefore: 8 g/100 mL = 2 N (2 normal)

Thus, we weigh 8 g of 2N-NaOH and dissolve it in 100 ml of water and then we withdraw

2 mL (the written quantity in the flowchart above).
Note 2: with respect to N 1/10-HCI:

Withdraw 10 mL of HCI and add 90 mL of water to it so that you get 1/10 solution.

Note 3: 12 N-HC1 (12 normal) means HC1 37 %
Note 4: sulfuric acid H2SO4 = 36 N (36 normal)




@ Making the standard hydrogen fluoride solution (20 pL. HF/mL)
The standard undiluted hydrogen fluoride solution is: (NaF 0.175 g/1000 mL)

Beaker 100 mL |

«—— About 50 mL H20

«—— NaF 0.175 g (accurately)

Dissolution

v
Volumetric flask 1000 mL

Adjustmen — Hz20

HF standard
undiluted solution (HF 100 pL/mL)
(Preserve in Polyethylene container) | Withdraw 20 ml |
2% 2 Months of possible preservation

v

Volumetric flask 100 mL

| Adjustmen | +— H:0

HF standard solution (HF 20 pL/mL)

(Preserve in Polyethylene container)

% 2 weeks of possible preservation




(3) Carrying out the measurement

Establishment of sampling location

Preparation of handy sampler

Absorption solution

Absorption tube
(H20) 20 mL

v
Attach to the handy sampler

Adjusting the air flow |[¢«— (1 L/min)

Establishment of

Recording the sampling duration

conditions

<«——— Several hours ~ 24 hours

Adjustment of air flow

Start the sampling After 5 ~ 10 ms
er 5~ 10 min

(Timely, check the air flow: 1 L/min)

(Timely, compensate for water vapor)

Check the samples quantity
before the end of the sampling

"""" J

" Go to "making the analysis" "

E Check the sampling

(4) Making the analysis

(D Preparation of the samples solutions
Put the sample solution of the impinger of quantity 5 mL ~ total quantity (the quantity
depends on the concentration of fluorine F) in 50 mL volumetric flask. In case of using total
quantity, be careful not to exceed 20 mL.

@ Withdraw standard solution
Pick up 6 volumetric flaks of the size 50 mL, and put in each of them standard solution as
follows: 0, 0.5, 1, 1.5, 2, 2.5 mL, respectively, and add distilled water of quantity 5 ~ 10 mL.
1 mL of HF standard solution contains 20 pL of HF (at 20 °C, 760 mmHg).

® Measuring the absorbance and drawing the calibration curve

a) Neutralization: As an indicator, phenolphthalein is neutralized by N 1/10 hydrochloric acid.

(This step is not necessary in case of using distilled water as an absorption solution).




b) Mixture coloring solution: adding 10 mL.

¢) Acetone: adding 20 mL.

d) Adjustment up to the marked line: distilled water.

e) Leaving the solution: mix and then leave the solution as it is for more than 30 minutes.

f) Measurement: wavelength of 620 nm (the targeted solution is the blank test solution).

g) Drawing the calibration curve: Plot the relation between the series of diluted solution (HF
quantity in uL) and the absorbance, and then you draw the calibration curve.

Concentration: HF 20 uL/mL

HF standard solution 0 mL 0.5 mL 1 mL 1.5 mL 2 mL 2.5 mL
HF quantity 0 uL 10 pL 20 uLL 30 uLL 40 uLL 50 uLL
Absorbance Targeted

solution
Collected samples Drawing the calibration curve

Withdraw standard solution

Correction of losses by Distilled
evaporation (20 mL) [ water 0,0.5,1, 1.5, 2, 2.5 mL)

| A 4

Volumetric flask 50 mL

Withdraw collected samples

5 mL ~ total quantity Because distilled water
Neutralizing |<—  isthe absorption
Volumetric flask 50 mL solution, this step is

| not needed

Neutralizing |«

Mixture coloring
4_—_

<+ solution 10 mL

<4—— Acetone 20 mL

>
l

Adjustment [¢—— H20 Adjustment |[«—— Hz20

Mix and leave it |€— Atleast 30 min —»| Mix and leave it

Measuring the absorbance Measuring the absorbance

(620 nm, 1 cm cell)

ﬂ (The blank test solution is
0 mL standard solution +
10 mL coloring solution +

Go to "Calculating the concentration"

20 mL acetone)




(5) Calculating the concentration

(D Calculating the concentration of HF
Measure the absorbance of HF collected samples, and with the help of these values the
concentration can be obtained.
From the calibration curve we find the quantity of HF (uL) that corresponds to an absorbance

value of 1. The obtained value represents M in the equation below.

M is the quantity of HF (uL) corresponds to the absorbance value 1 of the standard solution.
(M = ? uL. HF corresponds to Abs= 1.000)
The following equation is used to calculate the concentration:
HF concentration (ppm) = HF absorbance of the sample after adding coloring solution to it X (M/V)
X (vi/ve)
In this equation:
V: Sucked quantity of air sample (L).
vi: the total quantity of HF collected samples (mL) ... 20 mL.
o' the withdrawn quantity of HF collected samples (mL).
Note about the correction value: because the blank test solution is considered the comparison
solution, the correction is not important.
< 1) For calculating the volume of the ideal gas, standard conditions of 20 °C, 760 mmHg are
assumed for convenience. Therefore, the volume of 1 mol of the ideal gas is 24.04 L. (At the
conditions of 25 °C, 760 mmHg, the volume is 24.47 L) the sucked air samples are expressed
in L. The collected HF is expressed in pL.
< 2) About calculating the concentration
For convenience, the above-mentioned equation is used to calculate the concentration of HF.
The following equation that takes into account the effect of pressure and temperature can

be used:

HF concentration(ppm) = absorbance of HF sample solution after adding coloring solution to it
M v, y 273+t 760

— X
V o, 273+20 p

In this equation:
t: ambient temperature when carrying out the sampling (°C)
p: ambient pressure when carrying out the sampling (mmHg)

% 3) about converting the unit of the concentration:

HF concentration(ug /m®) = HF concentration(ppm)x%gfmxloe’
HF concentration(ug /m?®) = HF concentration(ppb)x%
mol weight

HF concentration(mg /m*®) = HF concentration(ppm) x 24.04




Points of consideration

(Annotation 1) The chemical compound fluorine has two forms; the gaseous form and the particle
form (solid state).

(Annotation 2) Because there are a lot of interfering substances, when analyzing the particle form of
fluorine it is necessary to separate the HF. Usually, distillation is used for the

accomplishment of the separation.
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1. General Information

(1) "Water", in all cases, shall mean water meeting ASTM Type | specifications. (Equal to
Milli-Q by Millipore). Use Reagent grade chemicals for all applications.

(2) "Wash", in all cases, shall mean cleaning thoroughly with water meeting ASTM Type |
specifications.

(3) Absorbing solution, for both NOx and NO2 is available.

(4) All sampler components should be carefully washed and dried before each use. This is
an important function, and special care should be taken to do this step carefully.

(5) Washing, drying, assembly of sampler, and loading with the proper pre-coated filters
should be done in a clean area, free of NOx contamination. It is not necessary to use a
glovebox.

(6) Ideal exposure time is 24 hours for monitoring NO, NO2 and NOx. For SO, monitoring
the exposure time is 168 hours. This amount of time will develop results from a few
PPB to large quantities of PPB's. Shorter exposure times are practical where the
expected concentration is known to be high. It is possible to use an exposure time as
long as 30 days for low concentrations of NO, and SO,.

(7) When the point of research is outdoors, the sampler should be given protection from the
sun and rainfall. Shelter and mounting bracket was designed for that purpose.

(8) Direct exposure of individuals can be easily measured by using the alligator clip to attach
the sampler to clothing as close to the face as possible.

(9) A concentration conversion coefficient for NO is 60, NO2 is 56 and SO, is 39, assuming
temperature of 20 °C, and relative humidity of 70%. Other concentration conversion
coefficients based on different temperatures and humidity can be obtained from Tables 4
and 7.

(10) Satisfactory results have been obtained with concentrations as low as 2 ppb.

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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2. Passive Sampler Assembly

The passive sampler is comprised of 2 chambers. In each chamber of the sampler, the
assembly stack-up is described below. Start at the innermost position with the pad and
progress outwards to the diffuser end cap.

=~ -"‘\——J-:'\

[ oyt

[ [

o (I

Vo LU B B

. LIS
"

Solid Pad (Teflon Disk)

Pad Retaining Ring (Teflon Ring)
Stainless Screen

Coated Collection Filter
Stainless Screen

Diffuser End Cap

OOk, WNPE

Figure 1 Passive Sampler Assembly

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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3. Transport and Storage

After assembly, the loaded sampler is placed into the re-sealable plastic bag, then the bagged
sampler is placed into the orange airtight container, provided, and taken to the exposure site.
After exposure, the above procedure is again followed to safely seal the used sampler into
the orange airtight vial. It is then taken to the laboratory for analysis.

If the sampler, once loaded, exposed or not, is to be transported by aircraft, the top of the
orange airtight vial should be secured by a heavy rubber band or tape. This is necessary
since the air pressure in the sealed vial remains the same as when it is sealed, while the air
pressure is reduced in the aircraft cargo hold. If not secured, the vial lid may loosen or pop
off.

The sampler has the following lifetime associated with the various components

Table 1 Shelf life associated with Passive Sampler Components

Refrigerated Frozen

Storage Method Storage Storage

Method Method

Sealed in glass vial pouch 90 days 1 year

Resealed in vial, after opening 90 days
Loaded sampler in bag placed in orange vial with lid 90 days
Exposed loaded sampler, in bag placed in orange vial with lid 14 days
Extracted solution in water, in sealed vial 90 days

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs

in Governorates in the Syrian Arab Republic
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4. Application of the Sampler in an Outdoor Microenvironment

It is mandatory to protect the loaded sampler from moisture while it is being exposed. To
accomplish this task, and still retain proper airflow to the device, it is necessary to use
P/N PS-115 Opaque Shelter w/sampler bracket for NO-NOy, NO,, and SO,. Oz requires
P/N PS-116 w/sampler bracket and stainless steel mounting band clamp.

The only known method of passive 0; Protective Shelter
simultaneous monitoring of NO & NOz2.

Photo 1 Passive sampler and the installation scenery

The PS-115 mounting bracket is attached to the site using several small screws or by
passing a wire through two holes on each side of the bracket and then around the pole or
post.

The sampler easily clips on to the bracket and the cup slides over the bracket to protect
the sampler.

Photo 2 Passive sampler and plastic container

The PS-106 sampler bracket, once the sampler is clipped to it, easily slips over the shelter
to hold the sampler in the correct position within the shelter.

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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5. Analytical Method for NO, NO2 and NOx
5.1 Preparing the Reagents

While preparing the reagents always use reagent grade chemicals, or highest grade available.
For the analysis of NO, NO2, and NOx you will need the following reagents:

< Sulfanilamide Solution

The sulfanilamide solution is prepared by dissolving 80 g of reagent grade
sulfanilamide in a mixture of 200 ml concentrated phosphoric acid and 700 ml water.
This solution is then diluted with water to make a total of 2000 ml.

<> NEDA Solution

The NEDA solution is prepared by dissolving 0.56 g N-(1-Naphthyl)-
ethylenediamine dihydrochloride into 100 ml water. Store in a refrigerator.

<> Color Producing Reagent

Prepare color-producing reagent immediately before use. Mix the sulfanilamide
solution and the NEDA solution in a 10:1 ratio. (10 parts Sulfanilamide solution to 1
part NEDA solution).

Figure 2 shows the flow of Preparation Procedure of Coloring Reagent.
Moreover, Figure 3 showed another technique referring.

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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Preparation Procedure of Coloring Reagent

Volumetric flask 1000ml Volumetric flask 100ml
«— Pure water 700 ml «—— Pure water 70 ml
“— Phosphoric acid 200 ml «— NEDA0.56 ¢
. H3PO4 N-(1-Naphthyl) ethylenediamine
@(@ ( ) dihydrochloride
«— Sulfanilamide 80 g : :
Dissolution
Dissolution (H2NC6H4SOZNH2)
(Make up 1000mIf— Pure water [ Make up 100m! }— Pure water
(Stock in refrigerator) (Stock in refrigerator)

[A: Sulfanilamide solution] [ B: NEDA solution ]

Example (500 ml) (50 ml)

(A:B=10:1) Mixing % Fresh prepared

[Make up 1000m|]=[ Coloring Reagent]

Figure 2 Preparation Procedure of Coloring Reagent

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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<> Nitrite Standard Stock Solution
Dry Sodium Nitrite, for over 4 hours, at a temperature of 105-110 °C. Dissolve 1.5 ¢
of this dried Sodium Nitrite in 1-liter water. A 1 ml sample of this solution contains
1000pg of Nitrite.

Biker 100 ml
P Sodium nitrite 10g (about)
(NaNO2)
Dryness (105~110°C, 4 hr)

Leaving and cooling

Aliquot (1.500 g)

Volumetric flask 1000ml

Make up 1000ml &—— Pure water
v

First stock solution || (Stock in refrigerator)

Figure 3 Making flow of Standard Stock Solution

<> Nitrite Working Standard Solution
Dilute the Nitrite standard stock solution by 100 times with water. Then, 0, 2, 4,6,8,
and 10 ml samples are each diluted with water to make 100 ml solutions. This
produces working standard solutions of 0 - 1.0 pg nitrite/ml.

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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|| First stock solution ||
|

Aliquot (10 ml)
v

Volumetric flask 1000ml

Make up 1000ml «———Pure water
[

Second stock solution ||

Aliauot (2ml, 4 ml, 6 ml, 8 ml, 10 ml)
v

Volumetric flask 100ml

Make un 100ml Pure water
|

| NOstandard solutions | (0.2 ~1.0 ¢ g/ ml)

Figure 4 Making flow of Working Standard Stock Solution

5.2 Analytical Operation

(1) Samples

After exposure to the test environment, the stainless screens and cellulose
fiber filter are put into a 25 ml glass vial, containing 8ml water, and then
shake immediately. Use separate glass vials for NO2 and NOx elements.
Vials should be stoppered, per accepted laboratory practice.

Over the next 30 minutes, occasional shaking of the vials is recommended.

At the end of the first 30 minute period, vials are cooled to 2-6 °C, and 2 ml
of color producing reagent are added. Shake quickly, after adding the color-
producing reagent, and continue to keep vials cool for an additional 30
minutes.

Vials are then allowed to equilibrate at room temperature, for about 20
minutes, and the amount of colored derivative is determined with a
spectrophotometer at a wavelength of 545 nm.

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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Unexposed elements are put through the same procedure to obtain a blank
value determination.

(2) Standard Solutions

From the previously prepared nitrite working standard solutions, (those
containing 0 - 1.0 pg nitrite/ml), mix 8 ml of each of the nitrite working
standards with 2 ml of color reagent, shaking immediately, to prepare a
standard curve. Chill standard solution, like samples, before adding color
reagent.

Taking out of collection filter paper Making calibration curve

(NOy) (NOy)
(Both paper and wire net)

|| NO, standard solutions ||

Test tube Test tube
le Pure water > Aliquot (Each 8ml)
(8 ml)
Extraction v
Test tube

(Leaving and cooling: 30 min)

Mixing (1t is soft.)
l d

Cooling [ (> ~6°c, 30 min)

l«—— Colorina Reaaent 2ml

¥ The blank sample is

Mlx;ng (2~6°C, 30 min) similarly analyzed.
Heating (Up to the room temperature)
[
Colorimetric auantitative analvsis | (Absorption wave length 545 nm)

Figure 5 Analytical operation flows
(3) Supplement
It is strongly recommended that separate pipettes be used for nitrite standard

stock solution from those used for preparing nitrite working standard
solutions.

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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When the exposed NOx element is placed in a vial with 8 ml of water, nitrite
ion is produced. When 2 ml of the color producing reagent is added, and the
reaction is allowed to take place at 2-6 °C, the amount of colored derivative
produced is proportional to the amount of original nitrite. If the reaction
takes place at warmer temperatures the amount of color derivative produced
IS not consistent.

It is recommended to use at least 3 blanks for each lot analyzed.
Procedures that help secure accurate analysis results include:

1. Screens and/or filter pads should be added to vials already
containing a solution, never into a dry vial.

2. Vials must be shaken immediately after adding color reagent.

3. Cooling must be done according to the protocol.

(4) Flow Injection Method

The flow injection Analysis (FIA) method is a method using analyzing
equipment available.

This new method is very useful where the analysis of large numbers of
samples is required. It is a very simple and accurate method, minimizing
deviations caused by elapsed time, temperature, and other variables. The
results, using this method, have high precision.

Analysis
method

liquid sending Mixture unit Reactive unit | Detection unit

unit

Sample
injection unit

Conventional

alternative Carrier solution ! H
| : i
Color reagent . .
FIA - D Py
method i : $ P
R . § ! E i
Carrier solution e
el SIS ke
| . '

Color reagent

Color reagent: Color-producing reagent

CapanieytD&enpacisoot BetviresmentabMoniquing @pl edciokAtenébin d&ohanchommvahaiteiad alternative

11T SUVETTIUTALES 111 UIE dylidll Aldb KEPUUIIL
10



NO, NO,, NOyand SO, Sampling manual

6. Calculation of Concentration for NOx, NO, and NO
In order to do the calculation you need to do the following steps:

1. Preparing the Standard Curve

2. Calculation of Concentration Data

Figure 7 showed Outline of calculation of NO, NO2, and and NOx concentration.

Absorbance of Absorbance of Absorbance of "—"
measurement sample blank sample standard solution Basic data

Calculation of inclination of Time
calibration curve Temp.
R.H.

Calculation of amount of collection of NO2 and NOx

Amount of collection of NO2 and NOx

(Measurement sample) — (blank sample) x (Amount of extraction 8 ml)

(Inclination of calibration curve)

| Calculation of amount of NO Amount of collection of NO = NOx —NO2

| Calculation of NO, NO2, and NOx concentration |

NO2 concentration = 56 X (Amount of collection of NO2 ) / (Exposure time)
NO concentration = 60 X (Amount of collection of NO ) / (Exposure time)
NO2 concentration = (NO2 concentration ) + (NO concentration )

NO2, NO, NOx concentration : ppb

Amount of collection of NO2, NO and NOx : ng

Exposure time : min

| Measurement result | [Note] 56 and 60 : Concentration conversion coefficient

Figure 7 Outline of calculation of NO, NO2, and NOx concentration

6.1 Preparing the Standard Curve

In this procedure we will establish the Slope of the standard curve. You will need access
to a spectrometer or a colorimeter and you will measure the absorbance of 6 standard
samples.

1. Refer to Table 2 on the following page. The first two columns refer to values
related to the concentration of the standard NO, solution. The next three
columns refer to values related to the absorbance. The last column refers to

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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the calculation of the Slope of the standard curve. Begin at the top left and
proceed by filling in values in the different cells. Those cells which have been
“grayed out” do not require a numerical value. When you finally enter a value
at the bottom right cell you have completed the computation procedure.

2. Make sure that you have access to six standard samples. Make sure that the
standard samples are of 0, 0.1, 0.2, 0.4, 0.6 and 0.8 ug/ml NO, solutions.

3. The first column requires the concentration of the standard sample (x). Enter
the values if they do not exist on the table.

4. The second column requires the calculation of x°. Enter the values if they do
not exist on the table.
5. Compute =X (sum of all x?) and enter the value in cell (8).

6. Using your colorimeter or spectrometer to measure the absorbance (y) of each
sample. Enter the corresponding values in cell (2) through (7).

7. Cell (2) represents the blank absorbance yo (i.e. absorbance when the
concentration is 0.0 pug/ml). Using this value calculate (y - yo ) and enter the
net absorbance A for the various standard samples.

8. The next row represents the product between the concentration and the
absorbance. Fill in the values of X (y - Yo).

9. Compute ZX(Y—Yo) and enter the sum in cell (9).

10. Compute the Slope by calculating 532 (cell (9) divided by (8) and

enter the value in cell G.

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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Table 2: Preparing the Standard Curve for NO, NO2 and NOXx

Concentration of Standard
NO, Solution (ug/ml) Absorbance Slope
X ZX(Y-Yo)
X X y Y- Yo x(Y-Yo) — w7
X
1) (1) x (1) el A (1) xA 9 7 (®)
0 0 )
0.1 0.01 @) 3)-(©)
0.2 0.04 4 @-Q©
0.4 0.16 (5) (5)- ()
0.6 0.36 (6) 6) - (2)
0.8 0.64 @) @ -©)
*kkkk ZXZ *kkkk *kkkk 2 X ( y_ yO ) (9) / (8)
8 121 9)
(Example)
1.000
0900 T 0.8415
y = 0. X
0.800 | yd
0.700 /
o y Y-Yo
g 0.600 / 0 0.012 0.000
<2 0.500 01 0.104 0.092
(/2]
0.300 0.4 0.339 0.327
3 / 0.6 0.502 0.490
0.200 / 0.8 0.704 0.692
0.100 / ¢ Slope can be obtained by
using the spreadsheet
0.000 — program of Excel etc.

Figure 8 Standard Curve for NO, NO2 and NOx

0 0.1 020304 0506 0.7 0.8 0.9

Concentration (u g/ml)

1

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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6.2 Calculation of Concentration Data

After the Slope for the standard curve has been prepared, you will calculate the
concentration. You will need access to a spectrometer or a colorimeter and you will
measure the absorbance of the sample that you have collected. Here are the steps:

1. Refer to Table 3 on the following page. Each calculation has to be repeated
several times depending upon the samples which you have.

2. Enter the location (descriptive term) for each site.

3. Enter the exposure time associated with each site. Enter values in row (3).

(1) NOx Calculation

4. Using your spectrometer or colorimeter measure the absorbance for the sample
associated with each site. Enter the values in row (4).

5. Measure the absorbance associated with a blank sample (0 ug/ml). Enter the
values in row (1).

6. Calculate the absorbance for each sample. Enter the values in row (5) by taking
the difference between rows (4) and (1).

7. Calculate the solution concentration in row 4. This is done by taking the
absorbance in row (5) and dividing it by G — the Slope of the standard curve.
Note, G was computed previously using Table 2.

8. Calculate the collected weight in ng and enter the value in row (7). This value is
obtained by taking a product of the solution concentration (6) and the abstract
amount (usually 8 ml) and a factor of 1000 (for converting from ppm to ppb).

(2) NO; Calculation

9. Using your spectrometer or colorimeter measure the absorbance for the sample
associated with each site. Enter the values in row (9).

10. Measure the absorbance associated with a blank sample (0 pug/ml). Enter the
values in row (2).

11. Calculate the absorbance for each sample. Enter the values in row (10) by taking
the difference between rows (9) and (2).

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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12. Calculate the solution concentration in row (11). This is done by taking the
absorbance in row (10) and dividing it by G — the Slope of the standard curve.
Note, G was computed previously using Table 2.

13. Calculate the collected weight in ng and enter the value in row (12). This value is
obtained by taking a product of the solution concentration (11) and the abstract
amount (usually 8 ml) and a factor of 1000 (for converting from PPM to PPB).

14. Next calculate the concentration in row (13). This value is obtained by
multiplying the concentration conversion coefficient anoz by the collected weight
(12) and dividing by the exposure time (3). At 20°C and 70% relative humidity
anoz = 56. For other values of temperature and relative humidity please refer to
the following section for calculation of ano; .

(3) NO Calculation

15. Calculate the collected weight in ng and enter the value in row (14). This value is
obtained by taking a difference of the NOx weight (7) and the NO2 weight (12).

16. Next calculate the concentration in row (13). This value is obtained by
multiplying the concentration conversion coefficient ano by the collected weight
(12) and dividing by the exposure time (3). At 20°C and 70% relative humidity
ano = 60. For other values of temperature and relative humidity please refer to
the following section for calculation of ano .

(4) NOx Calculation

17. Calculate the concentration of NOx in row (8) by adding the concentration of
NO2 (13) and NO (15).

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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Table 3: Calculation of Concentration Data For NOx , NO2 and NO
(Calculation of basic data)

Blank Absorbance Slope of the Relative Concentration Conversion
Average Standard Temperature Humidity Coefficient
Compound Curve (°C) (%) (ppb - min/ ng)
B1 B2 B3 aNO, aNO
NOXx Q)= G= (20°C) (70%) anoz = (56) ano = (60)
NO; (2)= ONo2 = ONo =

anoz = 56 and ano = 60 when Temperature = 20°C and Relative Humidity = 70%. For other combinations of temperature and relative humidity please refer to the
discussion provided in following section.

(Calculation of NOx, NO2, and NO concentration)

Specification Samples
Sample Number 1 2 3 4
Sample Location
Sampling Time (min) 3) =3)
NOx | Sample Absorbance 4) =(4)
Absorbance 5) =4 -0
Solution Concentration (ug/ml) (6) =()/G
Collected Weight (ng) @) = (6) x 8 x 1000
Concentration (PPB) 8) =(13) + (15)
NO, | Sample Absorbance 9) =(9)
Absorbance (10) =9 -2
Solution Concentration (ug/ml) (11) =(10)/G
Collected Weight (ng) (12) =(11) x 8 x 1000
Concentration (PPB) (13) = anoz X (12) / (3)
NO | Collected Weight (ng) (14) =(7)-(12)
Concentration (PPB) (15) =ano X (14) / (3)

16 Ogawa & Co., USA, Inc.
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7. Calculation of Concentration Conversion Coefficients for NO
and NO,
Typical values of ano and anoz are provided in Table 4.

For a combination of temperature and relative humidity which does not exist in Table 4
you can calculate oo and anoz using the following formulas:

[T] = Ambient temperature indegree Centigrade
[RH]= Relative humidity in %

Pn =17.535 (water vapor pressure in mm Hg at 20 degC)

P, =Vapor pressure of water at the ambient temperature [T]
(see Table 5 for typical values)

2/3
2P
[Pl={5—
P; + Py

(see Table 5 for typical values)

" - 10000
NO T (= 0.78X[P]X[RH])+220

y - 10000
N (0.677X[PIX[RH])+(2.009x[T])+89.8

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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Example Calculation for ano and anoz

Let us calculate ano and ano2 at 9 °C and 60% Relative Humidity.

Looking at Table 4 we have ono =61 and ano2 = 64.

Let us now use the formulas provided earlier:

[T]=9
[RH] =60
P, =17.535

P; =8.609 (seeTable5)

2/3
2P
Pr+Py

[ 2xars3s |7

- {8.609+17.535}

= 1.216 (seeTable5)

" 10000

NO (= 0.78X[P]X[RH])+220
10000

" (- 0.78x1.216x60) + 220

=61.32

o 10000
N (0.6 77X[P]X[RH])+(2.009x[T])+89.8
_ 10000
~ (0.677x1.216x60)+(2.009x9)+89.8
=63.58

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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Table 4: ano and ano2 @s a function of temperature and relative humidity

Temperature | R. H. Olnoo o Temperature R. H. oo Olno

(°C) (%) (°C) (%)

-10 50 84 61 16 70 58 62
-9 50 83 61 17 70 57 62
-8 50 81 61 18 70 57 61
-7 50 80 61 19 70 57 61
-6 50 79 61 20 70 56 60
-5 50 78 61 21 70 56 60
-4 50 77 61 22 70 56 60
-3 50 76 60 23 70 55 59
-2 50 75 60 24 70 55 59
-1 50 74 60 25 80 53 61
0 50 74 60 26 80 52 61
1 60 68 64 27 80 52 60
2 60 68 63 28 80 52 60
3 60 67 63 29 80 52 59
4 60 66 63 30 80 52 59
5 60 66 63 31 80 52 58
6 60 65 62 32 80 51 58
7 60 65 62 33 80 51 57
8 60 64 62 34 80 51 57
9 60 64 61 35 80 50 57
10 60 63 61 36 80 50 56
11 60 63 61 37 80 50 56
12 60 62 60 38 80 50 56
13 60 62 60 39 80 49 55
14 60 61 60 40 80 49 55
15 70 58 63

Note R.H.: Relative Humidity

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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Table 5: Water Vapor Coefficients as a function of Temperature

Temperature | Water Vapor | Vapor Pressure | Temperature | Water Vapor | Vapor Pressure
[T] Pressure [Py] | Coefficient [P] [T] Pressure [Py] | Coefficient [P]
degC mmHg dimensionless degC mmHg dimensionless
-10 2.149 1.4697 16 13.634 1.0818
-9 2.326 1.4609 17 14.530 1.0615
-8 2.514 1.4518 18 15.477 1.0411
-7 2.715 1.4421 19 16.477 1.0206
-6 2.931 1.4320 20 17.535 1.0000
-5 3.163 1.4213 21 18.650 0.9794
-4 3.410 1.4101 22 19.827 0.9587
-3 3.673 1.3984 23 21.068 0.9380
-2 3.956 1.3861 24 22.377 0.9174
-1 4.258 1.3732 25 23.756 0.8969
0 4.579 1.3599 26 25.209 0.8764
1 4.926 1.3459 27 26.739 0.8561
2 5.294 1.3314 28 28.349 0.8360
3 5.685 1.3164 29 30.043 0.8160
4 6.101 1.3009 30 31.824 0.7962
5 6.543 1.2849 31 33.695 0.7767
6 7.013 1.2685 32 35.663 0.7575
7 7.513 1.2515 33 37.729 0.7385
8 8.045 1.2341 34 39.898 0.7198
9 8.609 1.2163 35 42.175 0.7013
10 9.209 1.1980 36 44,563 0.6832
11 9.844 1.1794 37 47.067 0.6655
12 10.518 1.1605 38 49.692 0.6480
13 11.231 1.1412 39 52.442 0.6309
14 11.987 1.1217 40 55.324 0.6142
15 12.788 1.1018

...Table continued on next page

Capacity Development of Environmental Monitoring at Directorates for Environmental Affairs
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8. Analytical Method for SO2

8.1 Sample (One exposed filter pad only)
After exposure to the test environment, the stainless screens and cellulose fiber filter
are put into a 25 ml glass vial, containing 8ml water, and then shake immediately.
Vials should be stoppered, per accepted laboratory practice.

Over the next 30 minutes, occasional shaking of the vials is recommended.

Add 0.2 ml of Hydrogen Peroxide solution (1.75% solution), and shake slowly for 10
minutes.

Vials are then allowed to equilibrate at room temperature, for about 20 minutes, then
sent for 1C analysis

Unexposed elements are put through the same procedure to obtain a blank value
determination.

8.2 Analysis by lon Chromatograph (Example)

Table 6 Setting of condition of lon Chromatograph

Analyzer Dionex lon Chromatograph 4000i or
Equal analyzer

Columns AS4A Separation Columns

Flow Rate 1.7 ml/min

Detector Range 30 ps, 10 ps, 1 us

Eluant 1.8 mM Na,COs3; + 1.7 mM NaHCO;
Regenerant 0.25 N H2SO4

Sample Loop 100 pl
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Pomp Data

D Column Detector  Processing

Suppressor

Sample injection unit
Electrolyte solution

Figure 9 Block diagram of lon chromatograph

e
@’J @ G{ g Cl- NO,—
2 b 4 G
CEE0 @ > 2 O s [
! 3] Br— 4
& e g
Electrolyte §
obo Ebo 1000 Gmind

. . . Retention time
Figure 10 Separation of ion component

(In column for anion) Figure 11 Anion chromatogram

(lon chromatograph (IC) )

€ Asfor IC, in one kind of high performance liquid chromatograph, separating the
ion component in the aqueous solution, it is the device which you analyze.

€ With IC analysis, the eluant (mobile phase) the column which fills up the ion
exchange resin is used to stationary phase making use of the electrolytic aqueous
solution. It separates the various ion components in the sample solution which
was filled in the eluant, strength of the affinity for the ion exchange resin entering
the column, due to the number and ionic radius etc. of values of the ion. The ion
component which it separates is recorded with the eluant the suppressor, entering
the detector, as the ion chromatogram.

€ In many cases, the electric conductivity detector is used to the detector, but
because as for IC eluant it has high electric conductivity, the ion component is
detected in high sensitivity by jointly using the device which makes the
background decrease which is called the suppressor.
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@ As for IC sensitivity, general loop (capacity; Several dozen 1) in case of fill
method, the ion component of several dozen ppb levels it can measure, ppb - ppt
level (as for the lower limit value differs) to it is possible with the ion
component, but at this corporation with the concentrated fill method which uses
the concentrated column |, to measure.

8.3 Calculation of Concentration for SO2

WSO,

SO, concentration (ppb) = 05 X

where :

WSO:; is the sulfate quantity (in ng) collected on the SO, elements, determined
using the standard curve.

aso2 IS the ppb concentration conversion coefficients (ppb - min/ng). At 20 °C the
value of asp2 = 39.

t is sample collection time in minutes

If you have sample conditions other than 20 °C please refer to Table 6 which provides
aso2 at various commonly encountered values.
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Table 7 Conversion Coefficient aSO2 for SO2 as a function of Temperature

Temp. | Diffusion | Ratio of Diffusion | Conversion| Temp. Diffusion Ratio of Diffusion | Conversion

Coefficient Coefficients Coefficient Coefficient Coefficients Coefficient
T D+ D2o/Dr QAso2 T D+ D2o/Dr QAso2

°C cm?/sec dimensionless  |PPB-min/ng °C cm?/sec dimensionless PPB-min/ng
-10 0.1068 1.22 47.5 16 0.1269 1.03 40.0
-9 0.1076 1.21 47.2 17 0.1277 1.02 39.8
-8 0.1083 1.20 46.9 18 0.1286 1.01 39.5
-7 0.1091 1.19 46.5 19 0.1294 1.01 39.2
-6 0.1098 1.19 46.2 20 0.1302 1.00 39.0
-5 0.1106 1.18 45.9 21 0.1310 0.99 38.8
-4 0.1113 1.17 45.6 22 0.1318 0.99 38.5
-3 0.1121 1.16 45.3 23 0.1326 0.98 38.3
-2 0.1129 1.15 45.0 24 0.1334 0.98 38.1
-1 0.1136 1.15 44.7 25 0.1343 0.97 37.8
0 0.1144 1.14 444 26 0.1351 0.96 37.6
1 0.1151 1.13 44.1 27 0.1359 0.96 37.4
2 0.1159 1.12 43.8 28 0.1367 0.95 37.1
3 0.1167 1.12 43.5 29 0.1376 0.95 36.9
4 0.1175 1.11 43.2 30 0.1384 0.94 36.7
5 0.1182 1.10 43.0 31 0.1392 0.94 36.5
6 0.1190 1.09 42.7 32 0.1401 0.93 36.2
7 0.1198 1.09 42.4 33 0.1409 0.92 36.0
8 0.1206 1.08 42.1 34 0.1418 0.92 35.8
9 0.1214 1.07 41.8 35 0.1426 0.91 35.6
10 0.1222 1.07 41.5 36 0.1435 0.91 354
11 0.1230 1.06 41.3 37 0.1443 0.90 35.2
12 0.1237 1.05 41.0 38 0.1452 0.90 35.0
13 0.1245 1.05 40.8 39 0.1460 0.89 34.8
14 0.1253 1.04 40.5 40 0.1469 0.89 34.6

15 0.1261 1.03 40.3
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9. Comparison of Integrated Sampling and Real-Time Monitors
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5 ‘;J

Ogawa Passive Sampler (PPB)

0

0 5 10 15 20

Continuous Real-Time Monitor (PPB)
Figure 12 Comparison of Integrated Sampling and Real-Time Monitors
Reference:

Yokohama City Research Institute of Environmental Science, Yokohama, Japan, Report
No. 128, March 1997
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10. Blank Test Values

Below is the obtained absorbance for 3 unexposed filters coated for NO, and NOx.

NO2 Absorbance NOx Absorbance
0.009 0.155
0.009 0.142
0.008 0.149
0.009 0.149

Average 0.009 Average 0.149

The higher blank test for NOx compared to that of NO2 is due to PTIO also reacting when
color producing is being done. This makes the produced material absorbing wavelength stay
near the determining wave length. But, as the NOx collection element holds a fixed quantity
of 1.5mg PTIO, the blank value will be stable if the analytical operation is done in a short
time. Blank values can also be made lower by taking away PTIO by extracting with ethyl
ether.

11. Making of collection filter

11.1 Making of NO2 and NOx absorption liquid

Volumetric flask 100ml Volumetric flask 10ml
<4— Acetone 75ml <+— PTIO0.3¢g
4— Triethanolamine (TEA)25ml PTIO : 2-Phenyl — 4, 4, 5,5-
tetramethylimidazoline-3-oxide-
Mixture 1-oxyl

Make up 100ml <+— Acetone

Dissolution

NO2 absorption liquid Make up 100ml

NOx absorption liquid

Aliquot

A 4
A 4

Figure 13 Flow of making of NO2 and NOx absorption liquid
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11.2

Making of NO2 and NOx Collection element

Filter paper for NO2

50 |

Dryness

“— NO2 absorption liquid

NO2 Collection element

% Cellulose fiber filter

of 14.5mm in diameter

Filter paper for NOx

“+— NOx absorption liquid
50 ol

Dryness

NOx Collection element

2 The filter is put on the teflon net or the teflon filter.
# When it dries, Filter paper promptly puts the airtight container.

Figure 14 Flow of making collection element (filter)
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12. Example Calculations

Exposure was made in the ambient air at roadside for 1432 minutes, from 10:32 hrs. August
4th to 10:24 hrs. August 5th. The samplers determined NOXx at 0.343 and NO2 at 0.094. The
collected NOx quantity is determined as follows:

WNOXx = SABNOx —BABNOx x V
S

Where: WNOX is in ug of nitrite.
SABNOX is absorbance of NOx sample.
BABNOX is absorbance of NOx blank.
S= Slope (for this calculation assume it is 0.8415)
V= volume of extract in ml.

= 0.343-0.149 (8) = 1.844 ug nitrite = 1844 ng nitrite.
8415

Collected NO2 Quantity Is Converted to NO2 Quantity as follows:

WNO2 = SABNO2 - BABNO2 x V
S

Where: WNO?2 is in ug of nitrite.
SABNO?2 is absorbance of NO2 sample.
BABNO?2 is absorbance of NO2 blank.
S= Slope (for this calculation assume it is 0.8415)
V= Volume of extract in ml.

= 0.094-.009 (8) = 0.808 ug nitrite = 808 ng nitrite
8415

From the WNOx and WNO?2 values, using equation (5) we can calculate the PPB of NO in
the air sample:
NO (PPB)= o no (WNOx-WNO2) / t
=60 (1844-808) / 1432
=43 PPB

Using equation (6) we can calculate the PPB of NO2:
NO2(PPB)= o no2 (WNO2) / t
=56 (808) /1432
=32 PPB
Since the NOx concentration is the sum of the NOx and NO2:
NOx (PPB) =43 + 32 =75 PPB
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Notice
This sampling manual was arranged referring to the material of Ogawa company Ltd.,

Ogawa & Company, USA, Inc. and Yokohama City Institute of Environmental Sciences.
This manual displayed the work procedure by the flow chart, and added amplification.

This passive sampler System was developed by Yokohama City Research Institute of
Environmental Science, Yokohama, Japan, Report No. 128, March 1997
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1. Attention in sampling
1.1 General note of sampling

(1) Decision of sampling point
a) Decide on according to the purpose of the investigation. (Road, factory, and general
ambient air)
b) Consideration of position with source (Wind direction, height of source, and distance from
source)
c) The tree and the building influence
d) Exclusion of local influence (When there are sources other than the purpose near
measurement station)
e) Inthe measurement of a general ambient air, measurement station is arranged in the place
where the region can be represented.
(2) Installation height
a) In general, about 1.5m in height of the ground (Gaseous matter)
b) When you target the rolling up dust of the car : About 1.5m in height of the ground
¢) When you do not target the rolling up dust of the car : 3m or more in height of the ground
(The 2-4th floor rooftop level)
2 The particle measurement height by the committee of the measurements of air pollution

method of the United States is shown as follows as the recommendation value.

Measuring instrument Measurement height
High Volume Air Sampler 17m or less
Dust fall 2.7~17m

Low Volume Air Sampler is also similar to High Volume Air Sampler.
2 In Japan, to prevent the rolling up dust from influencing, the height of 5-15m on the

ground and about 10m assumes suitability.

(3) Measurement interval etc.
a) It at least measures every season. If possible, every month is better.
b) The industrial activity etc. differ in Sunday to Thursday and Friday or Saturday. It is
necessary to note a day of the week.
¢) The dust fall executes as a rule every month and evaluates the annual change.
(4) Grasp of meteorological condition
The relation between the meteorological condition and the air quality concentration can be
analyzed by accumulating the measured data.
Meteorological condition : Wind direction, wind velocity, humidity, atmospheric stability, and

weather, etc.



#¢  Metrological data collects the nearby meteorological measurement station data.
1.2 Note in SPM sampling

SPM Sampling should note it more than the gas Sampling.
(1) Common matter
@  Selection of dust collection filter
An appropriate filter is selected according to the analysis item.
a) It doesn't care with Grass Fiber Filter when the analysis is TSP and PM10 alone.
b) When the heavy metals etc. are analyzed in addition to TSP and PM10, Quartz Fiber Filter
is good.
2 Quartz Fiber Filter hardly contains the heavy metal in Filter. But Quartz Fiber Filter is
several times as expensive as Grass Fiber Filter.
@ Gravimetry of filter
Usually, the filter dries in air-conditioned room (25°C and 50% in humidity). However, it is
dried with desiccator when there is no air-conditioned room in the laboratory.
When humidity is high (>50%), the dust is moisture absorption.

(2) High Volume Air Sampler

@O Sampling period
The sampling period is a day (for 24 hours) usually. (Sampling of 8 hours and 12 hours might
be done according to the investigation purpose.)
(1 m¥min, 24 hr, 100pg/m*® = Dust 2.88 mg «The measurement of SPM is possible
enough.)
@ Sampling point etc.

As shown in a “general note of the sampling”.
(3) Low Volume Air Sampler

@O Sampling period
The sampling period is a one month from one week usually. (An enough dust can be gathered
for the dust collection period in a day (24 hours) when measuring it in the vicinity of the
source.)
(20 L/min, 24 hr, 100ug/m® = Dust 2.88 mg «In view of the measurement accuracy, it is a
problem.)
@ Sampling point etc.

As shown in a “general note of the sampling”.
1.3 Purpose and note of dust fall (dust jar) measurement

@O Sampling period



The sampling period is a one month.
(30 days ¥2 days. It will convert in one month.)

@ Sampling point etc.

As shown in a “general note of the sampling”.
@ Collection of rainfall data during month

Dust fall increases according to the amount of the rainfall.
@ Data is used as an index of Change month and the district comparison.
(® The dissolubility material gross weight and the insoluble matter gross weight are measured.
©® The analysis of ions in a dissolubility material and the heavy metal and the tar in the insoluble

matter are analyzed if necessary.
1.4 Note of gaseous matter sampling
(1)  Selection of tube for sampling

Especially, when the tube is long, the problem grows.
@O Ozone (03)
a) The teflon tube or the glass tube is the best.
b) The polyethylene pipe is a little inferior.
c) The polyvinyl chloride tube and the silicone rubber tube cannot be used.
@ Sulfur dioxide (SO2)
a) The teflon, the glass, the polypropylene, and the stainless steel tube are the best.
b) High concentration SO2 is passed beforehand for several hours and the polyvinyl chloride
tube is processed.
@ Carbon mono oxide (CO)
a) All the above-mentioned tubes can be used.
@ Nitrogen dioxide (NO2)
a) The teflon tube or the glass tube is the best.
b) A long silicone rubber tube is undesirable.
® Ammonia (NH3)
Teflon, the glass, and the stainless steel tube can be used.
® Hydrogen fluoride (HF)
It is not an obstacle in the hard glass tube though the teflon tube is desirable.
@ Chlorine gas (CI2)
The teflon, the glass, and the polyvinyl chloride tube can be used.

(2) Selection of impinger when gas is sampled

@D Nozzle type : 03, SO2, HF, CI2
@ Bubbler type : NO2, NH3



(3) Note of sampling result

O Ozone (03)
a) In the KI method, there is a possibility of giving high price a little because O3 and the

peroxide are measured.

b) Because the reducing materials such as SO2 and H2S are obstructed to the minus, SO2 is
removed with the chromium trioxide impregnation filter paper.
@ Hydrogen fluoride (HF)
a) This time, a gassy fluorine compound is targeted.

b) The fluorine compound of the particulate is not included.



2. Air Quality Environmental Standard and Emission Standard

It is convenient to know the value for 1 hour or 24 hours when there are two or more criteria

values in measuring time.

Air Quality Standards

Item Concentration (ug/m°) Concentration (ppm)
SO2 (10 min) 500 pg/m? 0.188 ppm
SO2 (1 hr) 350 pg/ m® 0.132 ppm
SO2 (24 hrs) 125 pg/ m* 0.047 ppm
S02 (1yr) 50 pg/ m? 0.019 ppm
NO2 (1 hr) 200 pg/ m* 0.105 ppm
NO2 (1 yr) 40 pg/ m® 0.021 ppm
03 (1 hr) 160 pg/ m* 0.08 ppm
03 (8 hrs) 120 pg/ m? 0.06 ppm
CO (30 min) 60 mg/ m 51.5 ppm
CO (1 hr) 30 mg/ m* 25.8 ppm
CO (8 hrs) 10 mg/ m? 8.6 ppm
TSP (24 hrs) 240 pg/ m® -
TSP (1 yr) 150 pg/ m? -
SPM10 (24 hrs) 100 pg/ m® -
SPM10 (1 yr) 50 pg/ m? -
Pb (1yr) 1pg/ m? —
Benzene (1 yr) 20 pg/ m® -

Air Quality Emission Standards

Item Concentration
SO2 1,000-3,000 mg/ m*
NOX 300-3,000 mg/ m*
coO 250-500 mg/ m*
TSP 50-200 mg/ m®
Pb 2-20 mg/ m®
Cd 1-5 mg/ m?




3. Investigation Method
3.1 Case intended for road
Case to use four samplers and many use simple sampler.

> /Air Quality Concentration

Wind Direction
(Four samplers are used.)

SO © NRRURRIUIN P @ ... _Q.._._._._ @ -
50m Om 20m 50m
(BG Point)
/’ (Seven simple samplers are used.)

B __ _W___ N _| W | R _l_
-50m -0 Om 20m 50m 100m 150m
(BG Point)

Decrease Investigation of Air Quality Concentration from Roadside (Image)

3.2 Case intended for Industry

(Case to use four samplers)

©

Residence area

W/D
Industry /

©

(BG Point)
Investigation of the impact in damage region (1)



(Case to use four samplers)

©

o |Industry| ©

Residence area

(BG Point) ©

Investigation of the impact of factory (1)

(Case to many use simple sampler.)
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o
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Investigation of the impact of factory (3)



AN ® Dust fall
. ¢ SPM and Gaseous Matter

Ho \L L B e
o eV - PV AR T e . ’0 S .

Difference between object substance and sampling points

Cmax Point (m) = He(m) X 10

2% Cmax point and Cmax changes greatly depending on the meteorological condition.
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Note 1: with respect to 2N-NaOH (2 mL):
Molecular weight of NaOH is 40 g/mol; therefore 40 g/L = 1 N (1 normal)
Therefore: 4 g/100 mL=1N

Therefore: 8 /100 mL = 2 N (2 normal)

Thus, we weigh 8 g of 2N-NaOH and dissolve it in 100 m] of water and then we withdraw

2 ml. (the written guantity in the flowchart above).
Note 2: with respect to N 1/10-HCL:

- Withdraw 10 mL of HCI and add 90 mL of water to it so that you get 1!10 solutzon
- ‘Note 8: 12 N-HC1 (12 normal) means HCI 87 % SR
- Note. 4 sulfu:ﬂc acid Ha80s = 36 N (36 normal)
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Al | RH | onos | ono | A% | RH | onos | omo

(G (%) O (%)

-10 50 84 61 16 70 58 62
-9 50 83 61 17 70 57 62
-8 50 81 61 18 70 57 61
7 50 80 61 19 70 57 61
-6 50 79 61 20 70 56 60
-5 50 78 61 21 70 56 60
-4 50 77 61 22 70 56 60
3 50 76 60 23 70 55 59
-2 50 75 60 24 70 55 59
-1 50 74 60 25 80 53 61
0 50 74 60 26 80 52 61
1 60 68 64 27 80 | 52 60
2 60 68 63 28 80 52 60
3 60 67 63 29 80 52 59
4 60 66 63 30 80 52 59
5 60 66 63 31 80 52 58
6 60 65 62 32 80 51 58
7 60 65 62 33 80 51 57
8 60 64 62 34 80 51 57
9 60 64 61 35 80 50 57
10 60 63 61 36 80 50 56
11 60 63 61 37 80 50 56
12 60 62 60 38 80 50 56
13 60 62 60 39 80 49 55
14 60 61 60 40 80 49 55
15 70 58 63
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B adl da il lad plall 4, Jiis Clalae 15 J ganl

B ECB I R AT

Sl Aas | slall gl | by B s | S Al A | slal Uy B
shall glal
[T] [Pl [P] [T] [Px] [P]
degC MmHg Baa g (g degC mmHg Baag (g
-10 2.149 1.4697 16 13.634 1.0818
-9 2.326 1.4600 17 14.530 1.0615
-8 2.514 1.4518 18 15477 1.0411
-7 2715 1.4421 19 16.477 1.0206
-6 2.931 1.4320 20 17.535 1.0000
-5 3.163 1.4213 21 18.650 0.9794
-4 3.410 1.4101 22 19.827 0.9587
-3 3.673 1.3984 23 21.068 0.9380
-2 3.956 1.3861 24 22.377 0.9174
-1 4,258 1.3732 25 23.756 0.8969
0 4.579 1.3599 26 25.209 0.8764
1 4,926 1.3459 27 26.739 0.8561
2 5.294 1.3314 28 28.349 0.8360
3 5.685 1.3164 20 30.043 0.8160
4 6.101 1.3009 30 31.824 0.7962
5 6.543 1.2849 31 33.695 0.7767
6 7.013 1.2685 32 35.663 0.7575
7 7.513 1.2515 33 37.729 0.7385
8 8.045 1.2341 34 39.808 0.7198
9 8.609 1.2163 35 42.175 0.7013
10 9.209 1.1980 36 44,563 0.6832
11 0.844 1.1794 37 47.067 0.6655
12 10.518 1.1605 38 49,692 0.6480
13 11.231 1.1412 39 52.442 0.6309
14 11.987 1.1217 40 55.324 0.6142
15 12,7788 1.1018
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Ml a5 5 3883 20 530 ) 5 Wy ok el o 337 23

Oud e JganllsNef 50l Sl Gl e gy o oyl 3 yealinl)
Ll duall Aad

(i) (gLl (ot Jath Jlga ahadiady et 2.8

(s 9l e dlaed ;6 gandl

diadlh s Dionex lon Chromatograph 4000i or
Equal analyzer

eyl AS4A Separation Columns
Sl Jiea 1.7 ml/min
il as 30us, 10 ps, 1 ps

Eluant 1.8 mM NayCOs + 1.7 mM NaHCO,
Regenerant 0.25 N H»SO,

Sample Loop 100 pi
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bulall da a8 SO2 Jaf e e, Jrsadll Jalae 7 Jganll

Aaa | L) Jabas | LI elalaa Bpd | pgadlt Jalaa] Ay | LAY Salaa | JLEEYY cdlabas A [ sailt Jelea
50l 5l
T DT DZOIDT 0502 T I}T D20/DT 0802
°C em’/sec Baag Ogd PPB- °C em’/sec Biag (g PPB-
min/ng min/ng
10 | 0.1068 1.22 475 16 0.1269 1.03 40.0
-9 0.1076 1.21 47.2 17 0.1277 1.02 39.8
-8 0.1083 1.20 46.9 18 0.1286 1.01 39.5
-7 0.1091 1.19 46.5 19 0.1294 1,01 39.2
-6 0.1098 1.19 46.2 20 0.1302 1.00 39.0
-5 0.1106 1.18 459 21 0.1310 0.99 38.8
-4 0.1113 1.17 456 22 0.1318 0.99 38.5
-3 0.1121 1.16 45.3 23 0.1326 0.98 383
-2 0.1129 1.15 45.0 24 0.1334 0.98 38.1
-1 0.1136 1.15 44.7 25 0.1343 0.97 37.8
0 0.1144 1.14 444 26 0.1351 0.96 37.6
I 0.1151 1.13 4.1 27 0.1359 0.96 374
2 0.1159 1.12 43.8 28 0.1367 0.95 37.1
3 0.1167 1.12 43.5 29 0.1376 0.95 36.9
4 0.1175 1.11 43.2 30 0.1384 0.94 36.7
5 0.1182 1.10 43.0 31 0.1392 0.94 36.5
6 0.1190 1.09 427 32 0.1401 0.93 36.2
7 0.1198 1.09 42.4 33 0.1409 0.92 36.0
8 0.1206 1.08 42.1 34 0.1418 0.92 35.8
9 0.1214 1.07 41.8 35 0.1426 0.91 35.6
10 0.1222 1.07 41.5 36 0.1435 0.91 35.4
11 0.1230 1.06 41.3 37 0.1443 0.90 35.2
12 0.1237 1.05 41.0 38 0.1452 0.90 35.0
13 0.1245 105 40.8 39 0.1460 0.89 348
14 | 01253 104 405 | 40 | 01469 0.89 346 |
15 | 0.1261 103 | 403 -
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