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The role of air pressure transients on the spread of bacteria from water trap seals in clinical settings: A laboratory based pilot study
Prof. M. Gormley, Dr. D. Kelly Dr. T. Aspray (Solidsense) Dr. D. Campbell, Mr. T. Dight

Introduction 
Summary
Hand-wash sink traps are increasingly being reported as the source of hospital-acquired infections worldwide [1-5].  There is an urgent need for mechanisms to mitigate the risks posed by opportunistic pathogens that thrive in sink traps. In clinical areas especially, these hand-wash sink traps are known to be the source of outbreaks of difficult to treat infections caused by multidrug resistant (MDR) pathogens, i.e. bacteria carrying antimicrobial resistance (AMR) of critical clinical relevance such as carbapenem-resistance. 
One cause of pathogen ingress from hand-wash sink traps is air pressure transients generated during normal operation of the wastewater system [6-8].  These ‘transients’ travel at the speed of sound and can cause the ingress of both aerosols and large droplets from the sink trap into the sink itself, potentially contaminating the sink and tap surface.  This transient phenomenon is related to factors such as the building height and complexity, with either factor increasing the risk of large air pressure transients occurring. Clinical buildings and hospitals tend to be complex by design.   
Our hypothesis for this project was that by better managing air pressure transients in the wastewater systems of clinical and hospital buildings, the spread of MDR pathogens from hand-wash sink traps can be reduced, therefore, reducing numbers of nosocomial infections.
This hypothesis was tested by carrying out a pilot study investigation at Heriot-Watt University’s laboratory facility. This work examined the mechanisms and extent of aerosol generation and ingress as a result of air pressure transients and considered an alternative solution by installing innovative Active Ventilation Measures (AVM) on the wastewater system. 

Impact of air pressure transients on sink traps 
From a system design perspective, the hand-wash sink trap provides the main defence against the ingress of contaminated foul air from the building’s wastewater system.  The “water trap seal” is located at every system appliance, usually at the extremities of pipe branches which connect to the main vertical soil stack and sewer. The water trap seal is, therefore, an interface between the interior building and the wastewater system and sewer.  
It has been long recognised that protecting the water trap seal is the primary aim of the wastewater system design. A consequence of the random wastewater discharge from system appliances is the generation of air pressure transients inside the wastewater system. 
A negative air pressure transient will suck water out of the water trap seal, whistle a positive air pressure transient will blow water back into the appliance. The result from both types of transient can be a breached water trap seal, at which point the wastewater system and sewer will vent into the interior of the building. These air pressure transients are managed by the wastewater system ventilation system, which traditionally involved an additional network of pipes to provide additional air where needed [9,10]. While this can be relatively successful for negative suction pressures, they do not deal with positive air pressure transients. The presence of these air pressure transients also cause air turbulence within the system and, when coupled with water flows from system discharges, act as a ‘mixer’, thus partially explaining the mode of transfer of microbes (potentially including MDR pathogens) between the wastewater system and hand-wash sink traps.

Existing evidence of aerosol ingress from hand-wash sink traps
Often located in patient care areas, sink traps act as reservoirs for long-term transmission of multidrug resistant pathogens [11].  Many reports have shown genetic association between pathogens found in sink traps and those found in patients [12,13], with sinks in intensive care units (ICUs) even being associated with increased rates of hospital-acquired infection [14,15].
Initial data gathered on this phenomenon is shown in Figure 1 where the consequence of a positive air pressure transient (< 2 seconds in duration) on aerosol generation is shown.  In this preliminary example, aerosol generation was measured above the plug strainer of a non-clinical sink (A).  The air pressure transient creates a “spike” in the number of aerosols generated (B). The cumulative number of aerosols after 2 minutes was found to be 2.5 x 102 (C). As the water trap seal was partially intact after the event, it would be unlikely to know that such an event had taken place.  
This initial data shows the potential for air pressure transients to lead to the ingress of  aerosols from hand-wash sink traps into the interior of the building. However, it did not provide evidence of pathogens contained within the aerosols.  This current pilot study aimed to provide this evidence.  
      (A)					(B)				          (C)
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Figure 1. Ingress of aerosols from the water trap seal due to the arrival of a positive air pressure transient. (A) shows the location of the aerosol probe; (B) shows the spike in aerosols at 30 seconds due to the pressure wave; and (C) shows the cumulative aerosol measured over the 120 second period. The graph is adjusted to take account of background aerosols in the room.
The Intervention 
Recent innovations to manage turbulent airflows have seen the introduction of components with moving parts to alleviate pressure fluctuations in wastewater systems, such as Air Admittance Valves (AAVs), Positive Air Pressure Attenuators (PAPAs), and waterless traps.  These types of pressure alleviation devices are termed ‘active ventilation’ [10]. The classical systems where air pressure fluctuations are alleviated by a collection of ventilation pipes only, are referred to as ‘passive ventilation’ systems.  
Note: Since this small pilot study is concerned more with the alleviation of positive pressures and their effects on causing the ingress of micro-organisms into sinks, the effects of negative pressure waves and their alleviation with AAVs was not tested.
To mitigate the effects of destructive air pressure transients, an ACTIVE VENTILATION approach is being proposed in this project, see Figure 2, in order to calm the pressure regime within the system and stop blowback of harmful aerosolised microbes from the water trap seal into the sink. These active ventilation approaches have been shown to be effective against large air pressure transients as identified after the SARS coronavirus outbreak at Amoy Gardens in 2002, which was confirmed by other investigators [17]. 
Positive air pressure transient alleviation using the PAPA has been shown to be effective [6,7] but these methods are still not in widespread use. Attenuation of positive air pressure transients by the PAPA, in excess of 90%, have been reported. Recent modelling analysis has highlighted how these active ventilation approaches can be incorporated into codes and standards globally and improve pressure related problems associated with tall and complex buildings in particular [18].
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[bookmark: _Ref76795944]Figure 2: Installation of a PAPA  on the test rig at the Heriot-Watt University laboratory. The device is arranged optimally to protect the sink trap nearby.

Methodology
The methodology of this Pilot Study was designed to provide evidence of bioaerosol ingress from hand-wash sink traps as a result of air pressure transients within the wastewater system.  Furthermore, this study sought microbial evidence of pathogens being carried within these aerosols and deposited on the hand-wash sink surface.  The methodology below is divided into three parts: (i) description of the test rig and air pressure transient generator; (ii) aerosol detection and counting; and (iii) microbial evaluation of aerosol pathogen transmission.
Test rig and air pressure transient generator 
The test-rig was designed with a standard NHS hand-wash sink and trap connected to a pressure transient generator (PGT) via a 50 m length of 100 mm diameter wastewater drainage pipe, see Figure 3.  This length of pipe allowed a clear and repeatable air pressure transient to be generated and recorded.  The hand-wash sink was an Armitage Shanks S2254(01) Portman 21 50 washbasin fitted with an S8720(AA) strainer & tail (compliant with SHTM64 LB G L/M and SHTM64 WT3, respectively).  The sink trap was an Armitage Shanks S8920(67) (compliant with SHTM64 TRR1) and the tap was an A6697 (AA) TP6 Contour 21+ tap (compliant with SHTM 64 TP6). 
In some experiments, a PAPA was added to the test-rig at a connection adjacent to the hand-wash sink, as indicated in Figure 3. 
Connection point for PAPA
PTG
Hand-wash sink & trap

Figure 3: Schematic of test-rig showing the hand-wash sink & trap, pressure transient generator (PTG), and PAPA connection point
The PTG creates a controlled air pressure transient that traverses the test-rig towards the hand-wash sink and trap.  The amplitude of the air pressure transient can be increased or decreased manually using a dial.
  
Aerosol detection and counting
To detect and count the aerosols at the hand-wash sink, a TSI Aerodynamic Particle Sampler 3321 (APS) was used.  An antistatic tube was connected to the APS at one end and, at the other end, positioned above the sink strainer, in-line with the tap outlet, see Figure 4.  
Sample air entering the APS via the antistatic tubing is split into two streams: (i) the sampling air, which contains the particles which are observed in the APS sensor, and (ii) the working air. At entry to the machine, the air is split into these two streams with nominal volumetric flow rates of 1 l⁄min being sampled, and 4 l⁄min being filtered and used as the working air. Air enters the APS sensor in two concentric inlets; the sampling air enters through the central inlet, exiting via a nozzle which accelerates the air, and the working air enters the sensor through an annular inlet which isolated the sampling fluid from the ambient air in the sensor, minimising the risk of particle recirculation. Two parallel beams of laser light pass through the core of the APS sensor, normal to the direction of travel.  As aerosols passes through each of the beams, a photodetector counts the number of aerosols as well as the particle size distribution.  
[image: IMG_7005.jpg]
Figure 4: APS antistatic tubing positioned above the sink strainer and in-line with the tap outlet

Microbial evaluation of aerosol pathogen transmission
The water within the hand-wash sink trap was replaced with a culture of Pseudomonas alloputida KT2440 to represent a sink trap contaminated with, for example, MDR pathogens.  The culture preparation and quantification, and experimental microbial analysis procedures are described below.  

Culture preparation and quantification
A pure culture of Pseudomonas alloputida KT2440 was inoculated into Erlenmeyer flasks containing tryptone soya broth (TSB) and incubated overnight at 30 °C with orbital shaking. An aliquot (1 ml) of the overnight culture was used to determine cell concentration by serial dilution and triplicate spread plating. Serial dilution spread plates were incubated at 30 °C and colonies counted at 48 h. The concentration of the culture was calculated as 2.1 x 1011 cfu ml-1 based on the average of the triplicate plates. 

Experiment microbial analysis
Sink and tap surfaces were sterilized prior to each experiment with domestic surface cleaner and wiping with fresh paper towel to dry. After each experiment, sink surface locations were sampled using tryptone soya agar (TSA) contact plates (Oxoid Ltd, Basingstoke, UK). The exception to this was in assessing for tap contamination where TSA contact plates were stuck to the tap with blue tack (Bostik) before the experiment. TSA contact plates stuck to the tap pointed in a downwards direction towards the sink which also helped to avoid gravimetric deposition of environmental contaminants when exposed.  
After each experiment, the TSA contact plates and lids were sealed with Parafilm® sealing film (Bemis, Wisconsin, USA) for transportation to the laboratory. TSA contact plates were incubated at 30 °C for 48 h. After 48 h colonies were counted (where possible) and plates photographed. Plates were incubated for a further five days, recounted and photographed. Colonies were also assessed for environmental contaminants. 

Environmental contaminants
At seven days incubation the presence of environmental contaminants was determined based on colony colour / morphology. One obvious environmental contaminant (with distinctive colour) was not further considered. A second presumptive environmental contaminant, similar in colour to the inoculum, was streaked onto fresh agar alongside P. alloputida KT2440 culture to provide further assurance of it being an environmental contaminant.  

Results
Generated air pressure transients
The range of peak air pressure transients recorded adjacent to the hand-wash sink trap are summarised in Figure 5.  The PTG allows a range of transient amplitudes to  be generated by opening and closing the vent holes on the fan enclosure.  It can be seen that having more vent holes open, reduces the peak air pressure transient.  Overall, the peak air pressure transients recorded range from 142-209 mm water gauge.  

Figure 5: Peak air pressure transients generated by the PTG
Aerosol detection and count
For each generated air pressure transient, the resultant number of aerosols at the sink were detected and counted by the APS.  Figure 6 and 7 represent a “typical” and “large” aerosol count, respectively.  Figures 6a and 7a show the raw particle count. Figures 6b and 7b show the particle count, less the mean particle count (excluding the peak), to remove the background particle level. Finally, Figures 6c and 7c show the cumulative particle count, with a pre-peak baseline count subtracted at each time step to remove the background particle level.
(a)

(b)

(c)

Figure 6: A “typical” aerosol count at the hand-wash sink as recorded by the APS: (a) the raw particle count; (b) the particle count, less the mean particle count (excluding the peak); (c) the cumulative particle count, with a pre-peak baseline count subtracted at each time step to remove the background particle level
(a)

(b)

(c)

Figure 7: A “large” aerosol count at the hand-wash sink as recorded by the APS: (a) the raw particle count; (b) the particle count, less the mean particle count excluding the peak; (c) the cumulative particle count, with a pre-peak baseline count subtracted at each time step to remove the background particle level.
From the data presented in Figures 6 and 7, a clear aerosol “spike” in the hand-wash sink can be seen to occur as a result of the air pressure transient at the sink trap.  Looking at the data in Figures 6b and 7b, respectively, it can be seen that a peak of 64 aerosols are generated from the “typical” count, and a peak of 128 aerosols are generated from the “large” count.  In both cases, the cumulative aerosol counts reach around 200 aerosols over the event.  

The correlation between peak air pressure transient and aerosol count is shown in Figure 8.    

Figure 8: Variation of aerosol count with peak air pressure transient
The relationship between the location of the APS intake and the aerosol count was also assessed.    The APS intake was located directly above the strainer, and for most experiments, it was held at the height of the tap outlet.  For the assessment, it was moved closer to the strainer in one-third increments. Figure 9 shows that as the APS intake was moved closer to the strainer, there is a general increase in measured aerosol count.

Figure 9: Variation of Particle Count with APS Sampler Height
The final assessment, presented in Figure 10, demonstrates the use of PAPAs as a way of mitigating the air pressure transients from affecting the sink trap. 
The air pressure and the peak number of aerosols detected reduces with the installation of the PAPA. Note: it is also likely that aerosols and droplets much greater than 20 µm (the limit of the APS) were also reduced.
Reduction in air pressure at the sink due to installation of PAPA
Pressure transients were generated in the PTG and static pressure was measured in the pipe behind the sink. Therefore, the pressure transducer was reading the pressure being experienced by the water trap seal.  Figure 10 shows the effect on the pressure of including PAPAs in the system – the surge wave is destroyed and the resulting pressure wave had a very limited impact on the water trap seal and the aerosols produced. For comparison, Figure 11 shows the pressure at the base of the stack measured in a real building. This confirms that the range of pressures used in the experiments was valid.
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Figure 10: Pressure at the rear of sink trap with and without PAPA installed. Note that without any protection from positive pressure, an oscillation is set up in the water trap which also instigates a negative pressure wave. Water was observed coming through the sink strainer when no PAPA was installed
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Figure 11. Pressure trace measured at the base of a stack under peak flow conditions. 
Microbial detection at hand-wash sink
TSA contact plates were used to take samples of the sink surface following generation of the air pressure transients.  Figure 12 shows that sample locations and labelling convention.  Figure 13 shows the TSA contact plates taking samples at locations E and C.
 A
B
C
D
E
Strainer
Far left side, aligned with strainer
Vertical back panel, aligned with strainer
Culture plate at tap (pointed towards strainer)
Near right side, aligned with strainer
Tap
B
C
D
E

A
Strainer

Figure 12: Plan view of hand-wash sink indicating TSA contact plate sample locations
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Figure 13: TSA contact plate samples being taken at locations E and C

The microbial results of the TSA contact plate samples are summarised in Table 1.  The peak air pressure transients of each test are indicated, together with the resultant plate counts.  In each test, the handwash sink trap was re-filled with the Pseudomonas alloputida KT2440 stock culture, the only exceptions being tests, 1, 2, and 10 which used water only as checks.  Whilst test 1A shows a positive plate count of 2 colonies, these have been proven to be environmental contaminants and can be discounted.  
From the eight tests conducted with Pseudomonas alloputida KT2440 stock culture in the sink trap, six resulted in positive contamination of the sink and/or tap.  The area at and around the sink strainer is commonly contaminated (3A, 4A, 5A, 6A, 8E, and 11CR).  In two cases (6A and 8E) the TSA contact plates were found to be entirely covered in bacteria (referred to as “lawn”).   Furthermore, the tap outlet was found to be contaminated (11D).  Figure 14 shows example TSA contact plates with colony counts.   
Table 1: Plate counts of Pseudomonas alloputida KT2440 colonies for the series of tests in response to generated air pressure transients at the sink trap
	Sample ID
	Peak Air Pressure Transient 
(mm water gauge)
	Plate count

	1A
	n/a
	2

	2
	n/a
	n/a

	3A
	60
	1

	3B
	
	0

	4A
	80
	2

	4C
	
	0

	5A
	120
	9

	6A
	140
	Lawn

	6C
	
	0

	7D
	160
	0

	8C
	180
	0

	8D
	
	0

	8E
	
	Lawn

	9D
	180
	0

	10
	n/a
	n/a

	11CR
	190
	Positive

	11D
	
	~5



Figure 14: Examples of TSA contact plates showing Pseudomonas alloputida KT2440 colony counts
Conclusion
The results of this Pilot Study provide evidence that the hand-wash sink and tap can become contaminated as a result of air pressure transients within the wastewater system disturbing the sink trap and causing aerosols and droplets to enter the sink.
Specifically, the study has confirmed that:
1. Positive pressure waves cause ingress of contaminated water into a sink during an event
2. When the sink trap is contaminated with bacteria, this can be detected on the surface of sink, at the strainer, and on the tap – CFUs were reported at all these locations.
3. The strainer was contaminated even when there was no visible ingress of water to the sink (contamination under the strainer)
4. Positive pressures occur naturally in plumbing systems and can be exacerbated by other activities such as jetting of horizontal lines for blockage clearance.
5. Positive pressure waves generate aerosols which were located at various locations above the sink strainer.
6. Aerosols were detected even when no visible sign of ingress occurred (agitation below the strainer level)
7. Pressure alleviation in the wastewater system reduces the pressure experienced by the sink trap, reduces the generation of aerosols, and reduces the ingress of contaminated water into the sink.
This study has provided microbial evidence of contamination of the sink and tap, as well as providing data of the aerosol count generated at the hand-wash sink from the effects of air pressure transients within the wastewater system.
More work is recommended on the alleviation of positive pressure and the influence of water trap seal design on the contamination of the sink and the interior of the building from pathogens in the building wastewater system. Future studies would also benefit from more extensive examinations of the topic and include a wider range of aerosol and droplet size.
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Cumulative aerosols



Pressure at Sink	5	5	5	4	4	4	3	3	3	2	2	2	1	1	1	1	1	1	1	1	1	146.46475341796872	142.45877563476557	143.60633789062496	152.84380004882814	151.07878417968746	162.6776110839844	165.54990966796876	163.79317382812496	161.471279296875	163.1290283203125	174.30432861328123	181.52233520507812	198.94544677734379	185.02914550781247	198.12964599609373	203.16670532226559	206.27769287109376	208.53639770507812	201.45541625976566	193.77217163085942	202.89209472656245	PTG Pressure settings


Pressure (mm Water Gauge)



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	82	81	66	60	61	75	68	76	63	69	63	77	114	134	77	99	101	94	66	54	53	63	72	63	69	69	69	81	72	81	58	61	56	61	80	62	68	57	71	62	69	68	61	79	60	69	77	72	68	77	74	74	66	56	82	75	76	58	62	73	66	70	70	55	65	65	69	63	73	58	57	72	73	73	61	Time (s)


Peak Aerosol Count 



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	12.270270270270274	11.270270270270274	-3.7297297297297263	-9.7297297297297263	-8.7297297297297263	5.2702702702702737	-1.7297297297297263	6.2702702702702737	-6.7297297297297263	-0.72972972972972627	-6.7297297297297263	7.2702702702702737	44.270270270270274	64.270270270270274	7.2702702702702737	29.270270270270274	31.270270270270274	24.270270270270274	-3.7297297297297263	-15.729729729729726	-16.729729729729726	-6.7297297297297263	2.2702702702702737	-6.7297297297297263	-0.72972972972972627	-0.72972972972972627	-0.72972972972972627	11.270270270270274	2.2702702702702737	11.270270270270274	-11.729729729729726	-8.7297297297297263	-13.729729729729726	-8.7297297297297263	10.270270270270274	-7.7297297297297263	-1.7297297297297263	-12.729729729729726	1.2702702702702737	-7.7297297297297263	-0.72972972972972627	-1.7297297297297263	-8.7297297297297263	9.2702702702702737	-9.7297297297297263	-0.72972972972972627	7.2702702702702737	2.2702702702702737	-1.7297297297297263	7.2702702702702737	4.2702702702702737	4.2702702702702737	-3.7297297297297263	-13.729729729729726	12.270270270270274	5.2702702702702737	6.2702702702702737	-11.729729729729726	-7.7297297297297263	3.2702702702702737	-3.7297297297297263	0.27027027027027373	0.27027027027027373	-14.729729729729726	-4.7297297297297263	-4.7297297297297263	-0.72972972972972627	-6.7297297297297263	3.2702702702702737	-11.729729729729726	-12.729729729729726	2.2702702702702737	3.2702702702702737	3.2702702702702737	-8.7297297297297263	Time (s)


Peak Aerosol Count 



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	12.270270270270274	23.540540540540547	19.810810810810821	10.081081081081095	1.3513513513513686	6.6216216216216424	4.8918918918919161	11.16216216216219	4.4324324324324635	3.7027027027027373	-3.027027027026989	4.2432432432432847	48.513513513513558	112.78378378378383	120.05405405405411	149.32432432432438	180.59459459459464	204.8648648648649	201.13513513513516	185.40540540540542	168.67567567567568	161.94594594594594	164.2162162162162	157.48648648648646	156.75675675675672	156.02702702702697	155.29729729729723	166.56756756756749	168.83783783783775	180.10810810810801	168.37837837837827	159.64864864864853	145.91891891891879	137.18918918918905	147.45945945945931	139.72972972972957	137.99999999999983	125.2702702702701	126.54054054054038	118.81081081081065	118.08108108108092	116.3513513513512	107.62162162162147	116.89189189189175	107.16216216216202	106.43243243243229	113.70270270270257	115.97297297297284	114.24324324324311	121.51351351351339	125.78378378378366	130.05405405405395	126.32432432432422	112.5945945945945	124.86486486486477	130.13513513513504	136.4054054054053	124.67567567567558	116.94594594594585	120.21621621621613	116.4864864864864	116.75675675675667	117.02702702702695	102.29729729729722	97.567567567567494	92.837837837837768	92.108108108108041	85.378378378378315	88.648648648648589	76.918918918918862	64.189189189189136	66.45945945945941	69.729729729729684	72.999999999999957	64.270270270270231	Time (s)


Total Sampled Aerosols



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	81	84	72	74	86	79	60	71	74	78	71	67	66	85	103	208	112	90	84	93	99	87	89	75	86	89	75	92	67	82	72	81	68	87	79	75	81	93	88	67	76	91	83	72	90	80	74	88	74	85	66	68	64	83	67	102	83	72	78	83	85	87	63	81	66	77	56	76	80	73	79	87	90	81	87	Time (s)


Peak Aerosol Count 



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	1.1486486486486456	4.1486486486486456	-7.8513513513513544	-5.8513513513513544	6.1486486486486456	-0.85135135135135442	-19.851351351351354	-8.8513513513513544	-5.8513513513513544	-1.8513513513513544	-8.8513513513513544	-12.851351351351354	-13.851351351351354	5.1486486486486456	23.148648648648646	128.14864864864865	32.148648648648646	10.148648648648646	4.1486486486486456	13.148648648648646	19.148648648648646	7.1486486486486456	9.1486486486486456	-4.8513513513513544	6.1486486486486456	9.1486486486486456	-4.8513513513513544	12.148648648648646	-12.851351351351354	2.1486486486486456	-7.8513513513513544	1.1486486486486456	-11.851351351351354	7.1486486486486456	-0.85135135135135442	-4.8513513513513544	1.1486486486486456	13.148648648648646	8.1486486486486456	-12.851351351351354	-3.8513513513513544	11.148648648648646	3.1486486486486456	-7.8513513513513544	10.148648648648646	0.14864864864864558	-5.8513513513513544	8.1486486486486456	-5.8513513513513544	5.1486486486486456	-13.851351351351354	-11.851351351351354	-15.851351351351354	3.1486486486486456	-12.851351351351354	22.148648648648646	3.1486486486486456	-7.8513513513513544	-1.8513513513513544	3.1486486486486456	5.1486486486486456	7.1486486486486456	-16.851351351351354	1.1486486486486456	-13.851351351351354	-2.8513513513513544	-23.851351351351354	-3.8513513513513544	0.14864864864864558	-6.8513513513513544	-0.85135135135135442	7.1486486486486456	10.148648648648646	1.1486486486486456	7.1486486486486456	Time (s)


Peak Aerosol Count 



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	1.1486486486486456	5.2972972972972912	-2.5540540540540633	-8.4054054054054177	-2.2567567567567721	-3.1081081081081265	-22.959459459459481	-31.810810810810835	-37.66216216216219	-39.513513513513544	-48.364864864864899	-61.216216216216253	-75.067567567567608	-69.918918918918962	-46.770270270270316	81.378378378378329	113.52702702702697	123.67567567567562	127.82432432432427	140.97297297297291	160.12162162162156	167.2702702702702	176.41891891891885	171.56756756756749	177.71621621621614	186.86486486486478	182.01351351351343	194.16216216216208	181.31081081081072	183.45945945945937	175.60810810810801	176.75675675675666	164.9054054054053	172.05405405405395	171.2027027027026	166.35135135135124	167.49999999999989	180.64864864864853	188.79729729729718	175.94594594594582	172.09459459459447	183.24324324324311	186.39189189189176	178.54054054054041	188.68918918918905	188.8378378378377	182.98648648648634	191.13513513513499	185.28378378378363	190.43243243243228	176.58108108108092	164.72972972972957	148.87837837837822	152.02702702702686	139.17567567567551	161.32432432432415	164.4729729729728	156.62162162162144	154.77027027027009	157.91891891891873	163.06756756756738	170.21621621621603	153.36486486486467	154.51351351351332	140.66216216216196	137.81081081081061	113.95945945945925	110.1081081081079	110.25675675675654	103.40540540540519	102.55405405405384	109.70270270270248	119.85135135135113	120.99999999999977	128.14864864864842	Time (s)


Total Sampled Aerosols



1_Sec_Peak_Incl._E1	146.46475341796872	142.45877563476557	143.60633789062496	152.84380004882814	151.07878417968746	162.6776110839844	165.54990966796876	163.79317382812496	161.471279296875	163.1290283203125	174.30432861328123	181.52233520507812	198.94544677734379	185.02914550781247	198.12964599609373	64.270270270270274	50.405405405405403	50.432432432432435	21.864864864864863	72.675675675675677	57.78378378378379	0	26.121621621621628	48.405405405405403	85.378378378378372	57.175675675675677	90.540540540540547	48.324324324324323	74.702702702702709	66.148648648648646	Peak Sink-Adjacent Pressure (mm WG)


Peak Aerosol Count 



1_Sec_Peak_Incl._E1	1	1	1	0.66666666666666663	0.66666666666666663	0.66666666666666663	0.33333333333333331	0.33333333333333331	0.33333333333333331	48.324324324324323	74.702702702702709	66.148648648648646	30.824324324324323	98.432432432432435	56.297297297297291	0	87.337837837837839	44.28378378378379	Height Above Strainer (z/ztap)


Peak Aerosol Count 
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