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1.1 Monitoring Objectives

NPL were awarded a contract by Paxford Composites Limited to carry out emissions compliance testing at
their factory in Huntingdon. The scope of work includes carrying out monitoring on three spray paint
booths.

Each spray paint booth was monitored for Particulates, Isocyanates and VOCs. Each test lasted for half an
hour and was conducted during normal operation of the spray booths.

Results have been reported at standard conditions (273K and 101.3 kPa) on a wet gas basis. Testing was
carried out on the 19th and 20th February 2013.
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1.2.1

Particulate Monitoring Results

Client:
Site:
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Paxford Composites Ltd
Paxford Composites

Emission Point

Spray Booth One

Spray Booth Two

Spray Booth Three

Test Desighation Run One Blank Run One Blank Run One Blank
3
Emission Limit Value mg/m’, l?:e.t'erence 50 - 50 - 50 -
Conditions
Periodic Monitoring Result Reference Conditions <0.2 <0.2 9.4 <0.2 1.2 <0.5
Uncertainty (95% Confidence Level) Reference Conditions 0.2 - 0.6 - 1.1 -
Units mg/m’
Reference Conditions 273K, 101.3 kPa on a wet gas basis
Date dd/mm/yyyy 20/02/2013 19/02/2013 19/02/2013
From hh:mm 10:36 - 14:00 - 15:45 -
Sample Period
: : To hh:mm 11:06 - 14:30 - 16:15 -
Monitoring Method BS EN 13284-1
Accreditation UKAS & MCERTS
Process Status Spray paint batch run
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1.2.2

Isocyanates (HDI) Monitoring Results
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Client: Paxford Composites Ltd
Site: Paxford Composites
Emission Point Spray Booth One Spray Booth Two Spray Booth Three
Test Designation Run One Blank Run One Blank Run One Blank
ey ' 3
Emission Limit Value mg/m’, Reference 0.1 ; 0.1 ; 0.1 .
Conditions
Periodic Monitoring Result Reference Conditions <0.0004 <0.0002 0.003 <0.0001 <0.0004 <0.0002
Uncertainty (95% Confidence Level) Refergnce Conditions 0.0001 - 0.001 - 0.0001 -
 Units mg/m’
Reference Conditions 273K, 101.3 kPa on a wet gas basis
Date - dd/mm/yyyy 20/02/2013 19/02/2012 19/02/2013
. , From hh:mm 11:12 - 14:50 - 16:23 -
Sample Period
To hh:mm 11:42 - 15:20 - 16:53 -
Monitoring Method US EPA CTM 36
Accreditation None
Process Status Spray paint batch run
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1.2.3 VOCs Monitoring Results
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Client: Paxford Composites Ltd
Site: Paxford Composites
Emission Point Spray Booth One Spray Booth Two Spray Booth Three
Test Designation Run One Run One Run One
, 3
Emission Limit Value mgC/m’, Reference 50 50 50
: Conditions
Periodic Monitoring Result Reference Conditions 5.2 8.4 40.8
Uncertainty (95% Confidence Leirel) Reference Conditions 1.0 1.2 5.8
Units mgC/m’
Reference Conditions 273K, 101.3 kPa on a wet gas basis
Date dd/mm/yyyy 20/02/2013 19/03/2013 19/03/2013
: From hh:mm 11:00 14:45 16:15
Sample Period
- To hh:mm 11:30 15:15 16:45
Monitoring Method BS EN 12619:2013
Accreditation UKAS & MCERTS
Process Status Spray paint batch run
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1.6  References
1. STA - Risk Assessment Guide: Industrial-emission monitoring — Version 12 - June 2012,

2. Environmental Agency - Manual Stack emission monitoring performance standard for Organisations ~ Version 7.2 -
November 2011.

3. Environmental Agency — M1 Technical Guidance Note — Sampling requirements for stack emission monitoring —
Version 6 —January 2010.

4. Environmental Agency — M2 Technical Guidance Note — Monitoring of stack emissions to air -~ Version 9 —
January 2013.

5. Guidance on Assessing Measurement Uncertainty in Stack Emissions Monitoring, by Pullen J and Robinson R,
Source Testing Association, Quality Guidance Note QGNI1.
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APPENDIX 1
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2.1.1 Emissions Testing Personnel Details

Name Role MCERTS Number | S Certification Level & Expiry Dates
: Level 1 Level 2 TE1 - TE2 TE3 - TE4
Simon Render Team Leader MMO8 938 March-15 March-15 May-14 September-14 | September-14 | December-14
Matthew Ellison Team Leader MMOS5 682 September-13 | September-13 | September-13 | September-13 | December-13 | September-13

2.1.2 Emissions Testing Procedures

Determinand ’ , : YOCs  Particulates Isocyanates H,0 Stack Flow Temperaturey
lISRM Standard BS EN 12619 BS EN 13284-1{US EPA CTM 36| BS EN 14790 { BS EN 13284-1| BS EN 13284-1
Instrument . FID APEX SMeth"d APEX Method 5 “PEX ;\’Ie‘h"d Pitot Th;ﬁi:m]e
I Instrument Serial No. AS0234 AS0240 AS0240 AS0240 AS0466 N/A
ﬂPrinéip]e . FID Gravimetric HPLC Gravimetric Flow Temperature
"Operational Range o 0 - 100 ppm N/A N/A N/A N/A N/A
"Cerﬁﬁed Range ' 0 - 15 mg/m’ N/A N/A N/A N/A N/A
"Unéertainty ﬂ 25% 15% 12% 20% N/A N/A
"NPL Prpcedure . QPAS B 538 QPAS B 536 In House QPAS B 536 | QPAS B 536 QPAS B 536
"UKAS Accreditation YES YES NO YES YES YES

Particulate and Isocyanate sampling was conducted using an APEX Method 5 and sampling train. A sample was extracted through a filter and then down a heated
probe and sample line. The stack gas was then passed through a series of impingers to remove the moisture before passing through a dry gas meter (DGM) and out to
atmosphere. The particulate filter had been weighed in a laboratory before and after testing in order to determine any weight gain. The isocyanate filter had been pre
treated and sent to an analytical laboratory for analysis. The uncertainty quoted for the Isocyanate result is based upon the lab uncertainty.

VOC analysis was conducted using a SICK Bernath FID (Flame Ionisation Detector). A sample of stack gas was drawn through a heated filter and heated line before
passing into the analyser.
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APPENDIX 2
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2.2.1 - Stack Diagram & Traverse Information
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2.2.2 - One Minute Averaged Gaseous Emissions Data
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Paxford Composites - Spray Booth One
273K, 101.3 kPa, on a Wet Gas Basis

20th February 2013

Time VOCs (Cmg/m®) _
11:00 7.8
11:01 8.1
11:02 5.5
11:03 4.7
11:04 4.0
11:05 37
11:06 4.8
11:07 4.6
11:08 4.6
11:09 4.6
11:10 4.8
11:11 4.6
11:12 3.8
11:13 4.3
11:14 5.4
11:15 6.4
11:16 6.9
11:17 6.7
11:18 6.9
11:19 7.0
11:20 6.2
11:21 5.7
11:22 53
11:23 4.9
11:24 5.0
11:25 4.2
11:26 35
11:27 3.1
11:28 3.5
11:29 5.1
11:30 6.2
- Maximum 8.1
Minimum 3.1
Average 5.2
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Paxford Composites - Spray Booth Two
273K, 101.3 kPa, on a Wet Gas Basis
19th February 2013

Time VOCs (Cmg/m®)
14:45 7.4
14:46 9.0
14:47 9.7
14:48 9.0
14:49 11.3
14:50 18.3
14:51 15.8
14:52 13.3
14:53 18.0
14:54 21.4
14:55 18.1
14:56 13.1
14:57 10.0
14:58 8.1
14:59 7.1
15:00 6.2
15:01 6.8
15:02 5.6
15:03 5.0
15:04 4.5
15:05 4.3
15:06 4.1
15:07 3.8
15:08 3.7
15:09 3.5
15:10 3.3
15:11 3.3
15:12 31
15:13 6.6
15:14 3.8
15:15 3.1
Maximum 21.4
Minimum ~ 3.1
Average 8.4
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Paxford Composites - Spray Booth Three
273K, 101.3 kPa on a Wet Gas Basis
19th February 2013
" 3 ;|

- Time VOCs (Cmg/m’)
16:15 39.2
16:16 37.1
16:17 354
16:18 34.6
16:19 35.1
16:20 34.1
16:21 34.3
16:22 34.3
16:23 33.7
16:24 31.6
16:25 29.9
16:26 28.3
16:27 26.7
16:28 25.5
16:29 26.5
16:30 96.5
16:31 102
16:32 75.9
16:33 60.2
16:34 49.4
16:35 42.3
16:36 37.0
16:37 33.2
16:38 30.5
16:39 28.6
16:40 27.1
16:41 26.1
16:42 25.3
16:43 24.6
16:44 28.0
16:45 92.9
Maximum 102
Minimum 24.6
Average : 40.8
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2.2.3 - Gaseous Emissions Graphical Data
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2.2.4 - Gas Calibration Log
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2.2.5 - Particulate Summary Sheets
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2.2.6 - Sample Sheets
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— —
Start Time at this Position or vol'u me Probe Time at Stack Probe Oven | Impinger |Resin/L Meter in Meter
Settin reading at osition each Ap Ah Temp Ts Temp Tem Tem ine Tm(in) out Vacuum
9 start P position / P Tp P P Tm(out)
hh: mm m® min :r('; mm H,0 °c °c °c °c °c °c °c in Hg
2

11:

12:

13:

14:

15:

Summary values 26.58 30 17.97 14.0 159.3 | #DIV/0! 18.2 n/a 16.2 0.5

fDuct / Stack Flow Characteristics: SB1 Units

Test No PM1

Stack Velocity at stack gas T & P and a wet gas basis 11.60 ms™

Stack flow @ STP, O, (ref) and on a dry gas basis 5.22 mds?

Stack flow @ stack gas T & P and on a wet gas basis 5.45 m3s!

Stack flow @ stack gas T & P and on a dry gas basis 5.42 m3s™

Stack flow @ STP and on a wet gas basis 5.24 m’s™

Stack flow @ STP, O, (ref) and on a wet gas basis 5.72 m3s™!
lGas vol. samp. @ STP and on a dry gas basis 0.39 m?

Gas vol. samp. @ STP, O,(ref), and on a dry gas basis 0.39 m?

Gas vol. samp. @ STP and on a wet gas basis 0.39 m?
IGas vol. samp. @ STP, O, (ref) and on a wet gas basis 0.39 m?
IPercentage Isokinicity 99 %
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Start Time at this Position or vo{ume Probe Time at Stack Probe Oven | Impinger |Resin/L Meter in Meter
Setting reading at position each ap ah Temp Ts Temp Temp Temp ine Tm(in) out Vacuum
start position / Tp Tm(out)
hh: mm m? min :'g mm H,0 °c °c °c °c °c °c °c in Hg
2

11:

12:

13:

14:

15:

Summary values 26.99 30 18.34 12.3 160.3 | #DIV/0! 19.5 n/a 19.7 0.5

Fouct / stack Flow Characteristics: SB1 Units

Test No ISOCYANATES 1

Stack Velocity at stack gas T & P and a wet gas basis 11.69 ms”!

Stack flow @ STP, O, (ref) and on a dry gas basis 528 |m%s™

Stack flow @ stack gas T & P and on a wet gas basis 550 |m3s?!
fstack flow @ stack gas T & P and on a dry gas basis 546  |m%s”

Stack flow @ STP and on a wet gas basis 532  |m%"

Stack flow @ STP, O, (ref) and on a wet gas basis 579 |m%”

Gas vol. samp. @ STP and on a dry gas basis 0.38  |m®

Gas vol. samp. @ STP, O,(ref), and on a dry gas basis 0.38 m®

Gas vol. samp. @ STP and on a wet gas basis 0.38 m®

Gas vol. samp. @ STP, O, (ref) and on a wet gas basis 0.38 m?
IPercentage Isokinicity 95 %
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m— -
Start Time at this Position or volfxme Probe Time at Stack Probe Oven | Impinger |Resin/L Meter in Meter
Settin reading at osition each Ap AR Temp Ts Temp Tem Tem ine Tm(in) out Vacuum
9 start P position / P Tp P P Tm(out)
hh: mm m? min | o0 | mmH0 | °c °C °c °c °c °c °c in Hg
2

11:

12:

13:

14:

15:

Summary values 24.67 30 97.07 20.5 160.0 | #DIV/0! 16.0 n/a 20.0 0.5

fDuct / Stack Flow Characteristics: SB2 Units

Test No PM1

Stack Velocity at stack gas T & P and a wet gas basis 19.37 |ms™

Stack flow @ STP, O, (ref) and on a dry gas basis 11.56 [mds™

Stack flow @ stack gas T & P and on a wet gas basis 12.40 |mds?

Stack flow @ stack gas T & P and on a dry gas basis 12.29  |mds?

Stack flow @ STP and on a wet gas basis 11.66  |m3™

Stack flow @ STP, O, (ref) and on a wet gas basis 12.84 |m’s?

Gas vol. samp. @ STP and on a dry gas basis 0.92 m?

Gas vol. samp. @ STP, O,(ref), and on a dry gas basis 0.92 m?

Gas vol. samp. @ STP and on a wet gas basis 093 Imd

Gas vol. samp. @ STP, O; (ref) and on a wet gas basis 0.93 m®
IPercentage Isokinicity 100 %
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o -
Start Time at this Position or vol_u me Probe Time at Stack Probe Oven | Impinger |Resin/L Meter in Meter
Settin reading at osition each ap ah Temp Ts Temp Tem Tem ine Tm(in) out Vacuum
9 start P position / P Tp P P Tm(out)
hh: mm m® min IT "01 mm H,0 °c °c °c °c °c °c °c in Hg
2

11:

12:

13:

14:;

15:

Summary values 25.24 30 30.10 23.0 160.3 | #DIV/0! 16.3 n/a 23.0 0.5

louct / Stack Flow Characteristics: SB2 Units

Test No ISOCYANATES 1

Stack Velocity at stack gas T & P and a wet gas basis 15.35 ms™’

Stack flow @ STP, O, (ref) and on a dry gas basis 8.97 Imd%"

Stack flow @ stack gas T & P and on a wet gas basis 9.82 m’s™

Stack flow @ stack gas T & P and on a dry gas basis 9.75 |md™

Stack flow @ STP and on a wet gas basis 9.04 |mds™

Stack flow @ STP, O, (ref) and on a wet gas basis 9.99 mds™

Gas vol. samp. @ STP and on a dry gas basis 0.50 m?

Gas vol. samp. @ STP, O,(ref), and on a dry gas basis 0.50 m®

Gas vol. samp. @ STP and on a wet gas basis 0.50 |m?®
IGas vol. samp. @ STP, O, (ref) and on a wet gas basis 0.50 m?®
IPercentage Isokinicity 99 %
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— -
Start Time at this Position or vol.u me Probe Time at Stack Probe Oven | Impinger |Resin/L Meter in Meter
Settin reading at osition each Ap Ah Temp Ts Temp Tem Tem ine Tm(in) out Vacuum
9 start P position / P Tp P P Tm(out)
m
hh: mm m3 min lT o | mmH,0 °c oc °c °c °c °c °c in Hg
2

11:

12:

13:

14:

15:

Summary values 25.70 30 19.83 24.8 159.2 | #DIV/0! 14.2 n/a 21.8 0.5

|Duct / Stack Flow Characteristics: SB3 Units

Test No PM1

Stack Velocity at stack gas T & P and a wet gas basis 12.35 ms™

Stack flow @ STP, O, (ref) and on a dry gas basis 6.68 mds™’

Stack flow @ stack gas T & P and on a wet gas basis 7.29 m3s™

Stack flow @ stack gas T & P and on a dry gas basis 7.25 m3s?

Stack flow @ STP and on a wet gas basis 6.71 m3s™!

Stack flow @ STP, O; (ref) and on a wet gas basis 7.43 mis™!

Gas vol. samp. @ STP and on a dry gas basis 0.42 m

Gas vol. samp. @ STP, Oy(ref), and on a dry gas basis 0.42 m?

Gas vol. samp. @ STP and on a wet gas basis 0.42 m?
IGas vol. samp. @ STP, O, (ref) and on a wet gas basis 0.42 m?
IPercentage Isokinicity 104 %
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Start Time at this Position or vol.ume Probe Time at Stack Probe Oven | Impinger |Resin/L Meter in Meter
Setting reading at position each Ap Ah Temp Ts Temp Temp Temp ine Tm(in) out Vacuum
start position / Tp Tm(out)
mm
hh: mm m? min mm H,0 °c °c °c °c °c °c °c in H

H,0 9
11:
12:
13:
14;
15:

Summary values 26.10 30 19.41 26.3 160.0 59.0 14.3 n/a 20.7 0.5
ouct / Stack Flow Characteristics: SB3 Units
Test No ISOCYANATES 1
Stack Velocity at stack gas T & P and a wet gas basis 12.24 ms”
Stack flow @ STP, O, (ref) and on a dry gas basis 6.60 m’s™
Stack flow @ stack gas T & P and on a wet gas basis 7.22 ms?
Stack flow @ stack gas T & P and on a dry gas basis 7.16 ms?
Stack flow @ STP and on a wet gas basis 6.66 m3s™?!
Stack flow @ STP, O, (ref) and on a wet gas basis 739  |md”
Gas vol. samp. @ STP and on a dry gas basis 0.39 m?
Gas vol. samp. @ STP, Oy(ref), and on a dry gas basis 0.39 |m®
Gas vol. samp. @ STP and on a wet gas basis 0.39 m®
Gas vol. samp. @ STP, O, (ref) and on a wet gas basis 0.39 m®
IPercentage Isokinicity 97 %
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2.2.7 - Moisture Calculations
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2.2.8 - Uncertainty Calculations
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2.2.9 - Analytical Results
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]
Isocyanates
Analytical Laboratory RPS Laboratories
UKAS Lab Number 0605
Analytical Method HPLC
Accreditation UKAS
Date of Analysis 25/02/2013
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2.2.10 - Calculations Used in Reporting Results
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Nozzle Selection

For isokinetic sampling, the pressure difference of the orifice meter must equal the
pressure difference of the Pitot tube pressure multiplied by the K-factor. Where:

2
K = Constant x szx D," x DHp x M, \(1-B,, T, +273 P_s
Ms I_BWS Ts+273 Pm

DH =K x Dp

Where:-

Constant: is a constant dependent on the units used to measure the nozzle (8.038x107° for mm)

D, the nozzle diameter mm

DHe a constant dependent on the sampler control box orifice and gas meter
B the percent water vapour in the emission as a fraction i.e.12% = 0.12
Bun the percentage water vapour in the air around the meter box often assumed to be zero
C, Pitot tube coefficient dependent on the Pitot tube type

T, the meter temperature in °C

T, the stack temperature in °C

P the stack pressure

P. the meter pressure

M, dry gas molecular weight

M apparent stack gas molecular weight

DH pressure drop across the orifice (mm water)

DP differential Pitot pressure (mm water)

From this the correct nozzle size can be determined.

D, = Constant.Q ,.P_ |(1-B,, (T, +273 )M,
(T, +273)c, J1-B,, (P, (aP),,)

Where the Constant = 0.6071 Metric

Qm = Orifice flow rate normally 21.2 actual Imin™
(T, +273)AH
m PmMm

Where Km =Orifice meter coefficient

P M
Km=Qm |———"—"— =Const !
AH(T, +273) AH,

Where Const = 183.7 metric
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Moisture Determination Calculations
These calculations are based at 273K and 101.325kPa

To calculate moisture the following equation is used:

B - 0.001245 x W, x 100
wSs AH
P, +

(0.001245 x W,)+0.359V | —13:6 _

(T, +273)

avg

Particulate Concentration C,in stack Gases
At 273K and 101.325kPa and dry gas

W, T_ +273 760
, =X X
A\ 273 AH,,
P, +
13.6

Oxygen Concentration Correction C,,, to Particulate concentration

C x1000 mg/Nm’

(20.9 - %0 ,ref) .
oxy — L X mg/Nm
g (20.9 — %0 ,Meas)

Dry Molecular Weight of gases
M, = 0.44(%CO,) + 0.32(%0,) + 0.28(%CO + %N)

Stack Molecular Weight of gases

M
M. =0.18(B, )+—%(100-B
8 ( ws) 100( ws)

Stack Gas Velocity

T, +273
(V) =34.96xC, x [/(AP),, ’P—M— m/s

Mass Emission Rate My

C. x(V,),. XA x3600

avg

10°

M, kg/hr
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IsoKinicity

AH , 273 +T
2.12x10* x Vm X Y x pb+[ z)( s

1 13.6 273 + T,
©P 7D > (Vs)avg (100 -B )

W = the weight change of the impingers during sampling in g

Vi = volume of dry gas sample in litres at temperature of the meter box

By, = the percent water vapour in the emission

Q = length of time sampling in minutes

Y = Gas Meter Calibration correction factor

Vs = Velocity of stack gas m/s

Cu = measured concentration of particulate matter (mg/m3)

T, = average temperature at dry gas meter (°C)

p, = atmospheric pressure (mmHg)

%0, = % oxygen at standard temperature & pressure

Y%Oopeas = % OXxygen measured on site

Cp = Pitot tube coefficient

DP = mean differential Pitot pressure drop (mm H,0)

DH = mean orifice pressure drop (mm H,0)

D, = diameter of stack (m)

D, = Nozzle diameter (mm)

T, = stack temperature (°C)

My = molecular weight of dry stack gas

By = moisture fraction

P, = stack pressure (mmHg)

A = duct c.s.a. (mz)

M, = molecular weight of wet stack gas

M,y = molecular weight of dry stack gas

W, = total weight of particulate matter (g)
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