
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Issue Number 1.2 

Date 15/11/2017 

 

CEH DELTA® System 

Operation Manual 

Tang Y.S1, Stephens A1, Simmons I1, Poskitt J.P2, Warwick A3, 
Farrand P3, Sutton M.A1 & Braban C. F.1  

 

 
1 1. CEH, Bush Estate, Penicuik, Midlothian EH26 0QB  
2 2. CEH, Lancaster Environment Centre, Library Avenue, Bailrigg, Lancaster LA1 4AP  

3 3. CEH, Maclean Building, Benson Lane, Crowmarsh Gifford, Wallingford, Oxfordshire OX10 

8BB  

 



CEH DELTA® System 

CEH DELTA® Sampler User Instruction - version 1.2                                     
 2 

© NERC (CEH), 2017 

 

 

 

Title CEH DELTA® System 

 

 

CEH contact 
details 

Amy Stephens 

Centre for Ecology & Hydrology 

Bush Estate 

Penicuik 

Midlothian EH26 0QB 

Tel: +44(0)131 445 4343 (reception) 

Tel: +44(0)131 445 8448 (office) 

Fax: +44(0)131 445 3943 

Email: amstep@ceh.ac.uk 

www.ceh.ac.uk 

 

   

 

Date 15/11/2017 

 

 

 

 

 

  



CEH DELTA® System 

CEH DELTA® Sampler User Instruction - version 1.2                                     
 1 

© NERC (CEH), 2017 

 

Contents 

1 Introduction .......................................................................................................... 2 

2 Installation ........................................................................................................... 3 

3 Component details .............................................................................................. 4 

3.1.1 Durable plastic enclosure ........................................................................ 4 

3.1.2 Gas meter ............................................................................................... 4 

3.1.3 Air pump enclosure ................................................................................. 5 

3.1.4 Rotameter ............................................................................................... 5 

3.1.5 Adjust flow rates: rotameter .................................................................... 5 

3.1.6 Plumbing and wiring connections ............................................................ 6 

3.1.7 Replacing PVC air inlet line .................................................................... 7 

3.1.8 In-line air filter ......................................................................................... 7 

3.1.9 External detachable sample holder & sample trains ............................... 7 

3.1.10 Sampling NH3 and particulate NH4
+ ..................................................... 8 

3.1.11 Sampling full suite of reactive gases and inorganic aerosols ............... 9 

4 Exposure of Samples ........................................................................................ 10 

4.1 Setting out new sample ............................................................................... 10 

4.2 Collecting in exposed sample ...................................................................... 12 

5 Quality assurance of results .............................................................................. 13 

5.1 Denuder capture efficiency .......................................................................... 13 

5.2 Average air sampling rate ............................................................................ 13 

6 References ........................................................................................................ 14 

7 Contacts at CEH ................................................................................................ 15 

 

 

 

 

  



CEH DELTA® System 

CEH DELTA® Sampler User Instruction - version 1.2                                     
 2 

© NERC (CEH), 2017 

1 Introduction 

The CEH DELTA® system is a low-volume denuder air sampling method for long-term 
sampling of acid gases (NH3, HNO3, HCl, SO2) and aerosols (NH4

+, NO3
-, NO2

-, Cl-, 
SO4

2). 

The CEH DELTA® system is based around the concept of a single bore glass denuder 
for sampling reactive trace gases (Ferm 1979). When a laminar air stream passes 
through a citric acid coated denuder, ammonia is captured by the acid walls. Aerosols 
pass through and can be collected by coated filters placed downstream of the 
denuder. Conversely, an alkaline coating (e.g. K2CO3) on the denuders will collect 
acid gases such as HNO3. The separation of aerosol from gaseous components is 
achieved due to the much more rapid diffusion of gaseous species to the tube wall 
compared with that of particles.  

The CEH DELTA® system can be adjusted for monthly sampling by adjusting the flow 
from the air pump (0.2–0.4 l min-1). Higher flow for lower concentration sites and lower 
flow for high concentration sites. Low, stable air sampling rates are achieved using 
small air pumps, with air volumes being measured by a high sensitivity dry gas meter. 
The low sampling rate means that short glass denuders can be used, which allows 
easy exchange of samples through the post. A simple enclosure is used, which can 
be mounted easily in the desired location (typically 1.5 m above ground for short 
grass).   

Key features of the CEH DELTA® II system (Figure 1):  

• Low voltage (10 – 36V)  

• Linear sampling train housed inside a detachable external sample holder   

  

  

Figure 1: Detail of components in the monitoring enclosure of the new low voltage CEH 

DELTA® II system. 
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2 Installation  

The CEH DELTA® system is supplied with 2 standard mounting brackets at the back 
which will fit over poles with an OD of 1 11/32 inch (~ 34 mm). 

 The CEH DELTA® pole can be  

1. Securely guyed at four points or 

2. Mounted securely to the wall of a building or shed.  

 

 

Figure 2: Examples of how the sampling box could be set up in the field.  
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3 Component details 

3.1.1 Durable plastic enclosure  

A simple enclosure is used, which may be mounted on a pole for monitoring outdoors.  

At some sites, monitoring may be made via a sampling line in a protected cabin.  When 
sampling via an inlet tube, the inlet tube should be made of low density polyethylene 
(LDPE: 0.5 mm id) and preferably < 2 m long where the gas of interest is NH3.   

If sampling HNO3, the sampling box must be set up outdoors, sampling directly from 
the atmosphere, since HNO3 is “sticky” and adsorption losses will occur to inlet lines.  

  

3.1.2 Gas meter  

The gas meter is supported by a metal bracket. To ensure reliable measurements, a 
high sensitivity G1.6 gas meter is used. (The position of the large comma on the front 
panel meter display denotes the division between meters and tenths of meters).    

Gas meters should be calibrated annually by comparison against a reference meter. 

 

 
Figure 3: Plastic tubing connection arrangements in the CEH DELTA® II system: 

connections to gas meter. 
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3.1.3 Air pump enclosure 

 
Figure 4: Air pump enclosure 

 

Air pump and heater controls are housed in the Air pump enclosure. Fittings on the 

enclosure enables the connecting of air tubing, power and heating elements without 

opening the enclosure. 

3.1.4 Rotameter  

 Flow rate should be between 0.2 – 0.4 L min-1 (to avoid break-through). See 

Figure 5 below. 

 Adjust if necessary.  

Switch on the CEH DELTA® and allow at least 5 minutes for air pump to warm up / 
get up to operating flow rate. Note that the bead float can sometimes get stuck at a 
fixed position and may need dislodging to free it.  

3.1.5 Adjust flow rates: rotameter   

 Turn knob clockwise to decrease flow   

 Turn knob anti-clockwise to increase flow  

 If the knob is fully open anti-clockwise and the flow rate is still too low, please 

contact CEH as the voltage in the pump enclosure needs to be adjusted. 

 

Figure 5: Rotameter and gas flow 
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3.1.6 Plumbing and wiring connections  

Details of tubing and wiring arrangements in the CEH DELTA® system are shown in 
Figure 6. The silicone and PVC tubing should not kink (bend over and seal, preventing 
air flow).    

 

 

 

 

 
Figure 6: Schematic showing plastic tubing and wiring arrangements for the CEH DELTA®. 

  

Wiring: cable connections and 

arrangements with removable 

Air pump PCB enclosure  

Plumbing: Silicone + PVC 

tubing connections and 

arrangements  
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3.1.7 Replacing PVC air inlet line   

The long piece of inlet tubing from the base of the CEH DELTA® system to the top 
gland connection on the external sample holder should be inspected regularly and 
replaced when necessary. Replace with made-up lengths of pre-cut PVC tubing.  

The PVC tubing is connected to silicone tubing (4mm id, 8mm od) coming from left 
hand of gas meter inside CEH DELTA® enclosure. Disconnect the PVC tubing by 
simply detaching it from the silicone tubing. Make sure that there is no kinking of any 
of the tubing, which would cause an obstruction in air flow.  See Figure 7 below. 

  

  

Figure 7: Plastic tubing connection arrangements in the CEH DELTA® system. 

  

3.1.8 In-line air filter  

The life of the air pump is increased by an in-line air filter. Check air filter periodically 
and replace as necessary. 

3.1.9 External detachable sample holder & sample trains  

In the CEH DELTA® system, the sample train is inside a detachable external sample 
holder with heating. The sample train is in a straight line vertically to limit any 
sedimentation of larger aerosol.  A funnel at the bottom of the holder acts as a rain 
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shelter. At the top end is a gland fitting for connecting to the PVC air inlet tubing 
coming from the base of the CEH DELTA® system.   

3.1.10 Sampling NH3 and particulate NH4
+  

Gaseous NH3 is removed from the sample air stream by acid-coated denuders 1 and 
2, whilst aerosol NH4

+ passes through and may be collected by a post-denuder acid-
coated aerosol filter on the sampling train (Figure 8a and b).  

  
Figure 8a: CEH DELTA® external sample holder for speciated collection of NH3 gas and 

particulate NH4
+. 

 

Figure 8b: CEH DELTA® external sample holder for speciated collection of NH3 gas and 

particulate NH4
+. 

  

   



CEH DELTA® System 

CEH DELTA® Sampler User Instruction - version 1.2                                     
 9 

© NERC (CEH), 2017 

3.1.11 Sampling full suite of reactive gases and inorganic aerosols 

                 
 

Figure 9: CEH DELTA® external sample holder for speciated collection of reactive gases 

(HNO3, SO2, HCl, NH3) and particulates (NO3
-, SO4

2-, Cl-, NH4
+, Na+, Ca2+, Mg2+). 

 

For sampling the full suite of reactive gases and aerosols (Figure 9), the sample train 
consists of a short Teflon inlet (to develop laminar flow; Teflon is used because HNO3 
does not stick to this material) plus two long denuders (15 cm long) coated with NaCl, 
followed by a long denuder (15 cm) coated with KOH and glycerol, then a short 
denuders (10 cm long) coated with citric acid. A 3-stage aerosol filter sampler pack 
completes the sampling train. Figure 10 below details what each component of the 
train is analysed for and the volume of DI water it is extracted into. 

 
Figure 10: CEH DELTA® analysis 
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4 Exposure of Samples 

Disposable gloves should be worn at all times.  This protects the samples from 
contamination by skin. Also avoid breathing directly on the samples.  

4.1 Setting out new sample  

1. Remove red blanking nut and red funnel cap from the top and bottom of the 

sample holder and store them in the grip-seal polythene bag.  

2. Connect the plastic tubing leading from the base of the CEH DELTA® II 

enclosure to the gland fitting on top of the sample holder.    

3. Line up the mounts on sample holder with the slots on the side of the CEH 

DELTA® enclosure and slide the 2 mounts of the sample holder down into the 

notches in the side of the CEH DELTA® enclosure. The funnelled base of the 

system should face downwards. Secure the holder in place by replacing the 

metal slide pin through the holes of the lower notch.  

4. Ensure that the tubing is not kinked or trapped, which would obstruct air flow.  

5. Plug the heater cable connector from the sample holder into the corresponding 

socket on the base of the CEH DELTA® II enclosure. Ensure the notch and 

groove is aligned before attempting to connect the heating cable. Gently push 

the top part of the connector upwards against the socket and turn in a clockwise 

direction (looking up) to lock in place.  

  
Figure 14: Picture of CEH DELTA® system with the sample holder (with sample train inside) 

installed in the field 



CEH DELTA® System 

CEH DELTA® Sampler User Instruction - version 1.2                                     
 11 

© NERC (CEH), 2017 

 

 

  
Figure 15: Connecting sample holder (with sample train inside) to CEH DELTA® system: 

showing details of how to plug in the heater cable and attaching the holder to the side of the 

enclosure. 

 

Record the date, time and gas meter reading, including any observations and 

comments on the recording sheet (note that the comma divides m3 from tenths of m3). 
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4.2 Collecting in exposed sample  

1. At the end of the sampling period, disconnect the heating cable by unscrewing 

the locking nut (turn anticlockwise) and gently pulling the connector downwards 

off the socket.  

2. Remove the metal slide pin securing the sample holder to the side of the 

enclosure.   

3. Push the sample holder up and outwards to detach. Take care not to misplace 

the metal slide pin.  

4. Disconnect the sample holder from the plastic air inlet. 

5. Record the date, time and gas meter reading, including any observations and 

comments on the recording sheet.  At flow rates of between 0.2 – 0.4 l min-1, 

the volume of gas sampled in a calendar month will be approximately 8-17 m3.  

6. Seal the sample holder with the funnel cap and blanking nut which were 

removed from the tube ends at the start of the sampling period.  

7. Put the lower portion of the sample holder + sample heater cable inside the 

plastic bag provided and secure at the neck using the “self-wrap” Velcro also 

provided.  

8. Please ensure the plastic bag is labelled with the sample name/ID and correct 

exposure month corresponding to the sampling period of the sample that has 

just been removed.  
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5 Quality assurance of results  

The performance of the denuder system is assessed according to the following tests:  

5.1 Denuder capture efficiency   

Over 75% of the total amount of a trace gas in the two denuders should be captured 
in the first denuder. Values less than this indicates poor capture efficiency in the first 
denuder, due to an imperfectly coated acid film or some other problems. Below 75 % 
capture efficiency, the quality of the data becomes less certain, and is subject to a 
correction factor.  

5.2 Average air sampling rate   

The average air sampling rate for denuders must be > 0.2 l min-1. The air pumps used 
are relatively stable, at 0.2 – 0.4 l min-1. Low measured flow rates indicate that the 
pump may need servicing, that an extended power cut has occurred or that there is a 
leak in the system.  
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7 Contacts at CEH  

For queries about the equipment (CEH DELTA® II system), please contact:    

Ms Amy Stephens   

Centre for Ecology and Hydrology (CEH)  

Edinburgh Research Station  

Bush Estate  

Penicuik  

Midlothian EH26 0QB, UK  

Tel: +44 (0)131 445 4343 (switchboard) 

 +44 (0)131 445 8448 (Direct Line) 

Fax: +44 (0)131 445 3943  

Email: amstep@ceh.ac.uk   
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