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BACKGROUND

On October 17-18, 2002, 1n response to a request for techmcal assistance from the Penmsylvania
Department of Health, engineers from the Engineering Conirol Technology Branch, Diviston of
Applied Research and Technology, conducted an imvestigation of health complaints at an ce rink
i) Whatehall Pennsylvama The complaints, documented it a National Center for Environmental
Heaith (NCEH) report, were centered on carbon monoxide and nitrogen dioxide emissions from
the 1ce re-surfacing equipment  The NCEH report, which will include epidemiclogical data, has
nol been finalized at the tume of this writing ' This report focuses on the assessments of the
building ventitation systems and some hnuted evaluations of the 1ce re-surfacing cquipment

This study was ¢onducted in conjunction with the efforts of NCEH epidemtologists and
Pennsylvania Department of Health indusinial hygienists

dncident Description

On Sunday, September 29, 2002, following a college hockey game, a number of players reported
a variety of health effects  Several individuals required hospilahzatton  The symptoms, while
varied, were consistent with exposure to carbon monoxtde and mitrogen droxide  Owpce the
effects were reported to the facility management, subsequent activiites at the facility were
canceled for the day and the malfuncuoning ice resurfacing equipment was immediatety
removed from any aperations

According to 1ce rink personnel, because of the concern about carbon monoxide and nitrogen
dtoxide, one of the ice re-surfacing machines was inspected by a Zambom company
representative and third party service technucian on October 2, 2002 The mspection found that
this machine, a propane-fired Zamboni moedel, was not properly operating on all four cylinders
Eight days prior to the incident, the machine had been serviced by the same third party service
company, with an adjustrment of the valves On October 4, 2002, industrial hygienists from the
Pennsylvama Departmenl of Health along with a team from the Pennsylvania Depariment of
Environmental Protection, conducled air sampling i the arena during the re-surfacing of the ice
For this test, a second (ce re-surfacing machine {(also propane powered) was operated Direct
reading mstrumentation was used to measure carbon monoxide and oxtdes of mtrogen On
October 7, 2002, these tests were repealed wrih the first 1ce re-surfacing machine, the one used
en the day of the incident

Nrtrogen Dioxide Exposure NO;

NO; 15 a lethal gas that 13 produced when fuels such as gasoline or propane are bumed It 15 one
of many chemtcals found in engine exhaust resulting from mcomptlete combustion  Nitrogen
droxide 15 a yellowish-brown hquid or reddish-brown gas (above 70°F} with a pungent, acnid
odor (NIOSH 2002} Breathing low levels of mitrogen dioxide can cause a shright cough, mild
fatiguc, und nausea Eye, nose, und throat irriation are also common symptoms At high
concentrations, NO; can cause severe coughing, choking, headache. nausea, abdominal pain, and
shortness of breath If exposure 15 severe, symptems may continue aficr the exposure has ended,
causing difficulty breathing tor wecks



Nuric Oxide Exposure (N()

Oxides of mtrogen (NO,) mclude nitric exade (NO}, nitrogen dioxide (NO2), mitrous oxide
{N:0}, di-mitrogen tetroxide (N204), as well as other possible combinations  Nitric oxide 1s a
colorless gas that targets the eves, skin, respiratory system, blood, and central nervous system

Carbon Muonoexide Exposure (CO)

CO 15 a lethal poison that 15 produced when fuels such as gasoline or propane are burned Like
NO» 1t 15 one of many chemicals found 1n cngine exhaust resutting from mcomplete combustion
Beecause CO 15 a colorless, odorless, and tasteless gas, an cxposed person can be overcome
without warning The muhal symptoms of CO poisomng may include headache, dizziness,
drowsincss, or nausea Symptoms may advance to vomiting, loss of consciousness, and collapse
if prolonged or high exposures are cncountercd If the cxposure level 15 high, loss of
consclousness may occur without other symptoms  Coma or death may occur 1f high exposures
continue (NIOSH 1972, NIOSH 1977, NIOSH 1979) The display of symptoems varies widely
from mdividual to individual, and may occur sooner o susceptible mdividuals such as young or
elderly people, peeple with preexisting lung or heart discase, or those hiving at lngh altitudes
{Proctor, Hughes et al 1988, ACGIH 2002, NIOSH 2000)

Exposurc to CO Limuts the ability of the blood to carry oxygen to the hissues by binding with the
hemoglotyn to form carboxyhemoglobm (COHb) Blood has an estimated 210-250 times greater
affinaty for CO than exygen, thus the presence of CO m the blood can interfere with oxygen
uplake and delivery to the body (Forbes, Sargent et ai 1943)

Although NIOSH typically focuses on occupational safety and health 1ssues, the Inshitule 1s a
public health ageney, and cannot ignore the overlapping exposure concerns generated from the
use of internal-combustran powered 1ce resurfacing equipment m an indoor envonment The
generdl public n an ice rmk facility may range from mmfants to the elderly, be in various states of
health and susceptibility, and be {unctioning at a higher rate of metabolism because of mereased
physical actrvity  The oecupational exposure limtits noted below should not be used for
mterpreting general population exposures, they are presented to llustrate the toxic nature of
these contaminants These exposure crniteria were developed for employees and do not provide
the same degree of protection for the general public as they do for the healthy worker population

Exposure Criteria for CQ

The NIOSH Recommended Exposure Lumit {REL} for occupational exposures (o CO gas mn aur 18
33 parts per mmllion (ppm) for tull shaft ime-weighted average (TWA) cxposure, and a ceiling
lumut of 200 ppm, which should never be exceeded (CDC 1988, CFR 1997) The NIOSH REL of
33 ppm 18 designed ta pratect workers from health effects associated with COHb levels i excess
of 5% (Kales 1993) NTOSH has established the unmediately dangerous to life and health
(IDLH) value tor CO as 1,200 %pm (MIOSH 2000} The Amercan Conference of Governmentai
Industrial Hygiemsts’ (ACGIH™) recommends an 8-hour TWA threshold hamt values (TLVsS™)
for occupational exposures ol 25 ppm (ACGIH 2002) and recommends against exposures above
125 ppm for more than 30 minutes durng 4 workday The Occupational Safely and Health
Admmastration (OSHA) permissible exposure himut (PEL) for CO 15 530 ppm for an 8-hour TWA
exposure (CEFR 1997)



The US Envirenmental Protection Agency (EPA} has promulgated a National Ambient A
Quality Standard (NAAQS) for CO  Tlus standard requires that ambient air contain no more
than 9 ppm CO for an 8-hour TWA, and 35 ppm for a 1-hour average (EPA 1991} The NAAQS

for CO was established to protect “the most senstive members of the general population ”

Exposure Criteria for NO;

The NIOSH Recemmended Exposure Limt (REL) for occupational exposures to NO; gas 1n air
15 | part per multion (ppm) for a short-term exposure mit (STEL}, which 15 a 15-munute oume
werghted average that should not be ecxcecded at any tune during a workday (NIOSH 2002)
NEOSH has established the immedrately dangerous te life and heaith (MDLH) value for NO; as 20
ppr (NJOSH 2002} The Amenean Conference of Governmental Industrnial Hygienists’
(ACGIH®) recommends an §-hour TWA threshold It values ( TLVSIE) for occupational
cxposures of 3 ppm (ACGIH 2002) and has a short-term exposure level (STEL} of 5 ppm The
Occupauonal Safety and Health Admmirstration (OSHA) permissible exposure it (PEL) for
NO:1s 1 ppm as a sbort-lerm exposure it {INIOSH 2002)

Exposicre Critersa for Nariwe Oxade (NO}

The NIOSH Recommended Exposure Limit (REL) for occupational exposures o NO gas n air 1s
25 parts per mullton (ppm) for full shuft {rmc-weighted average (TWA) exposure (NIOSH 2002)
NIOSH has established the immediately dangerous 1o life and health (IDLH} value for NO as
100 ppm (NMOSH 2002) The American Conference of Governmental [ndustrial Hygicnists'
(ACGIH™) recommends an 8-hour TWA thresheld limit values (TLVs®) for occupational
exposures of 25 ppm (ACGIH 2002) The Oceupatonal Safety and Health Admmistration
(OSHA) permmssibie exposure limut (PEL} for NG 1s 25 ppm for an §-hour TWA exposure
(WIOSH 2002}

Massachusetts Regquirements fo Maintain Air Quality in Indoor Skating Rirks

The Massachusetls Burcau of Envirenmental Health Assessment set air action levels for carbon
moenexide and nitrogen dioxide for indoor skating rinks in Massachusetts  Any single air
concentration exceeding thirty (30) parts per rmlhon {ppm) for carbon monoxtde or 0 5 ppm for
nifrogen dioxide 1s referred to as the correction air level and requires corrective measures listed
m the Code of Massachuscils Regulations under 105 CMR 645 009 to reduce concentrations
Notification air levels include any single air sample concentration exceeding 60 parts per milhon
{ppm} or 6 consecutive air samples which cxcecd 30 parts per rmlhion (ppm; for carbon
monoxwle or a smgle air sample concentration exeeeding 1 part per million (ppm) for nitrogen
dioxrde Nomfication aur levels musi be reported 1o the fire department within one hour  The
local board of health and the Massachuseits Burcau of Environmental Health Assessment must
be notificd within twenty-four hours  Single air concentrations exceedmg one hundred twenty-
five (125) parts per nulhon (ppm) for carbon monoxide or 2 ppm for mtrogen dioxade, referred to
as evacuation air levels, requare the facility to be evacuaied Under 105 CMR 675 Q11 the local
fire department musi be contacted as soon as possible, the local board of health must be
contacted upon evacuation, and the Massachuselts Burean of Environmental Health Assessment
must be contacted within 2 hours of evacuation



METHODS

A venulation analysis was performed on the Valley Rink at the Lehigh Valley Ice Arcna
Complex in Whetehall, Pennsylvama A diagram of the faciliey (Figure 1} shows approximmate
locations of supply and exhaust ar vents in each room  Dircel reading air velocity measurements
were taken from the supply and exhaust vents m each room using & hot wire anermometer  Auwr
velocity measurcmenls were also taken on the filter slol of the air handling unit  Mcasurements
were taken across the face of the vent at eight locations m a gnid pattern  The mean of the eight
air velocily measurements was calculated and muliiplied by the cross sectional area of the vent to
obtain total volumetric flow of air through the vent m cubic feet per minute

smoke was released i each locker room io help determune air flow patterns  Smoke was also
releascd in the hockey rink to help determine air movement Pictures from the smoke machine
taken approximately lwenty minutes after the rclease of smoke are shown i Figure 2
Temperature mcasurements were taken above the 1ce at [ inch, and at [ foot increments up to 5
fect

Due to health and safely considerations dunng the NIOSH evaluauion, wwe-resurfacmg equipment
was not tested 11 a manner which attempted to recreate the ineident that occurred on Sunday,
Scptember 29, 2002, that 1s, the Valley ice-resurfacing machine was not operated within the
Valley Arena and NKISH did not conduct tests monitoring air quality at the breathing zone level
Stationary cmissions lests were performed on three 1ce-resurfacing machines nsing a gas
emissions analyzer The sensor for the gas emissions analyzer was placed approximately 10
inches nto the tail pipe of cach 1ce-resurfacmg machmme  Dala was collecied for cald start 1dle,
operating speeds of approximaiely 2500 rpm, and 1dle with the engine warm

Mixromanometer measurements were taken 1n gach roem to determine pressurization  These
measurcments were taken in the locker rooms and restrooms with Lhe cxhaust ventilation system
off Pressure mecasurements were taken again only 1n the locker rooms with the exhaust system
on The exhaust systen1 was not operational 1n the mien’s and women’s restrooms  An additional
measyrement was recorded 1n locker roam 1 while holding the door shut with the exhaust system
turned on

Deserpfion of Evaluanon Equipment

Ernussions data was collected from three wce resurfacing machines using a Ferret Instrument 5-
gas emissions analyzer The five gas analyzer measures ¢carbon monoxide {CQ), carbon dioxide
(COa}, hydrocarbons, oxygen, air fuel ratio (AFR), and nitrogen oxides (NO,)  All
measurements are expressed as percentages except hydrocarbons and NOy which 1s ppm

Arr flow was measured using a VelociCale Plus Model 8388 air velocity meter (TSI Ine | S(
Paul, MN) Air velocity readings were collected al the face of cuch vent  Estimates of total flow
rates were obtained by averaging the air velocity measurements and multiplying by the cross-
sectional arca of the vent where the air velocity measurements were taken



Faciliy Description

The Lefugh Valley complex consists of two separate buildings  The building nearest the front of
the property 1s referred to as the Lelugh Rink and the building behind 1t 15 referred to as the
Valley Raink  Each building has a separate machine used for resurfacing of the icc The Valley
Ice-Resurfacing Machine was used in the Valley Rink, and the Lehigh lee-Resurfacing Machine
15 used 1o the Lehigh Rink A leased 1ce resurfacig machine 1s used at both rinks  The ice rink
building under evaluation 1s referred to as the Valley Rink and was built in 1997 Building
{catures include one e rink, an upstairs office and foyer area, a spectator balcony, four locker
rooms, a first sad room, a scrviee room, showers, men’s and women’s restrooms, and a
compressor resurfacing room  According to the owner, the Valley Rink covers 20,000 sq ft with
a maxunum occupancy of 400 people  The volume of the 1ce arcna 15 approximately 660,000
cubic feet The building diagram (Figure 1) 1s not to scale

At opposite corners of the 1ce rink approximately 12 fect above the floor are two dehurmdifier
units  The dehurmidifier ductwork extends up to the highest point of the ceiling behind cach goal
pulling air from the cellmg and returming dehummidified asr 10 the corner at the umit  The room
containing the ice hockey rink did not have ventilation or air movemnent other than the
dehumidifier units shown on the diagram in Figure |

The compressor/re-surfacing room houses a compressor, equipment for the under-ice
refrgeration system, four water heaters, an air handimg umit, and a location for storage of an 1ce
re-surfacing machine Adjacent to the compressor/re-surfacing room 1s locker room four On
Wednesday, Oclober 2, 2002, a spill of ethylene glycol was discovered on the floor of lacker
room four streictung from under the compressor/resurfacing room wall to a few feet before the
drain m the cenler of the room  Nexl to locker room four separated by showers 1s locker room
three Locker room twoe 15 m the corner and shares a wall wath locker room three and a wall with
a shower room that separates locker room onc from locker room two  The four locker rooms are
supplied with conditioned air from the awr handing umit located 1n the compressor/re-surfacing
room Thts air hundling vt had a dmensionally incorrect filter installed Because of the size of
the filter, Lthe filter access cover was not mstalled, and the unit was drawing a significant volume
of air from the compressor/re-surfacing room  Locker room one 1s the greatest distance rom the
supply air, while locker room four 1s on the opposite side of the wall from the air handling umit
Aar1s exhausted from all four locker rooms by means of an exhaust system located outside
lacker room ane

On the other sude of the stairs from locker room one are the women’s and men’s restrooms, first
aid room, a changing room, and a service room The first aid room, changing room, and scrvice
room each include a wall unit for ar handling  Located in the women's restroom 1s the air
handing unit ¢hat supplies awr only to the women’s and men’s restrooms  Exhaust fan 2 lacated
in the men’s restroom connects to ductwork through the men’s and women’s restrooms and 15 a
separate system from the exhaust system that services the locker rooms Upon inspectton,
exhaust fan 2 was not functional



Figure 1: Diagram of Valley Ice Rink Facility Mo ]
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: Picture of Smoke Release




RESULTS

Micromanometer measurements taken to determune pressurization of cach locker room are
presented in Table | The pressure in locker room 1 taken whie holding the locker room door
shut with the cxhaust system turned on was -0 030 inches of watcr  With the exhaust system
tumed on, pressure was positive 1n locker room 4 closest o the air handlmg unil and negative 1n
locker roomi 1 near the eahaust umt - With the exhaust system turned off, pressure was posilive
in all rooms  The calculated values (Table 2) reveal the approximate volume of air in cubic feet
per mmnute passing through the supply and exhaust vents 1n each room Temperaturc
measurements in the 1ce arena (Table 3} were made at several locations above the (ce

The ice-resurfacing machines were tested during 1dle and at rpm levels similar to operaling
speeds Graphs 1-3 show levels of carbon monoxide measured from the exhaust to be higher for
each wcc-resurfacing machine while engine speeds were at wdle  Tests performed on the leased
machine with an exhaust gas purifier revealed that at 2700 rpm the percentage of carbon
monoxide m the exhaust was close to zero  However, even with the exhaust gas punifier in place,
C0 levels were measured to be extremely high when the engine was at 1dle speed

Graph 1 displays the emissions results for the machine used on Sunday Septernber 29, 2002
Values on all graphs for IDLH arc for concentrations 1n awr at or near the breathing zone, while
the values for CO shown on the graph were measured at the source with a sensor 1n the exhaust
pipe Data from the manufacturer was nol avairlable 1o compare emissions from 1ce-resurfacing
equipment tested with the emissions from normally funcliomng 1ce-resurfacing equipment

A summary of the enussions data collected from the threc 1ce resurfucing machines usmg a
Ferret Instrument 5-gas emissions analyzer can be seen 1in Tables 4-6  During cold start wdle,
peak and mean concentrations for both CO and NO, were nghest for the Valley machine At
aperahional speeds of 2500 rpm, peak concentrations of CO were highest for the Valley machine,
while mean CO values were highest for the Lehigh machime Peak values for MO, at 2500 rpm
were highest for the leased machime while mean NO, values were highest for the Valley

machine Peak and mean CO values were highest for the leased machine during 1dle with the
engime warmn - Peak and mean concenirations for NO, were highest for the Valley machine
during idle with the engine warm Summary statstics results reveal that mean concentrations for
Nitric Oxides were haghest m all three tests for the Valley machme

Storage for the ice-resurfacing machine servicing the Valley Ice Rink 15 located n the samc
room as the air handling unit  If any of the machmes tested were left to warm up m the
compressor/Tesurfacing room with the garage door shut, 1115 very possible that concentlrations of
combustion gases in the room could reach unacceptable levels

4



Table 1+ Roum Pressurization Measurements

Locatinn Pressure (inches of water)

Evhaust ON  Exhaust OFF
Locker Room | -0 024 +0 014
Locker Room 2 -0 004 +) 016
Locker Room 3 0 +{ 028
Locker Room 4 +0 004 +() 022
Women's Restroom +H) 032
Men's Restroom +H) 025

Table 2: Flow of Supply and Exhaust Air

Location Labeis on Diagram Flow (cfm)
Airrflow through filter slot in AHU FS 300
End of Rank returm air RA 280
Compressor/resurfacing room vent to outside OA2 745
Supply 1 St 218
Supply 2 82 57
Supply 3 53 123
Supply 4 54 211
Supply 3 85 154
Supply 6 50 204
Supply 7 S7 188
Exhaust 1 El 238
Exhaust 2 E2 167
Exhaust 3 E3 ou
Exhaust 4 E4 149
Exhaust 5 E5 35
Exhaust 6 E6 65
Exhgust 7 E7 50
Exhgust 8 ER 20
Exhaust 9 ES 72
Supply A SA 317
Supply B S8 756
Supply C SC 619
Exhaust A EA 2
Exhaust B EB 30
Exhaust C EC 71
Exhaust D ED 41
Intake for AHU 1n restrooms QA3 1136
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Table 3: Temperature Measurcments Above the Ice

Height (inches) Temperature (°F)
1 257

12 301

24 312

36 318

48 324

60 334

Engine Description
Engine Make 126 A
4 cvyl, 4 stiroke, gasoline converted to

Engme Type propang
Borc 3 36 mnches
Stroke 2 72 mches

Displacement
Compression Ratio
Gross HP (SAE}
Gross Torque (SAE)
Valve Clearance (with engme cold)
Fuel Raling

Idle Speed

Igmition

Voltage

Baltery

Firing Order

96 6 cubic inches

75 1

53 at 3600 rpm

78 94 ft Ib at 2200 rpm
mtake & exhaust 004 inches
Regular

900

12V

11



Graph | Valley Ice-Resurfacing Machine Carbon Monoxide Emissions (measured

at the talpipe)
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Graph 2 Leased Ice-Resurfacing Machine Carbon Monoxide Emissions (mmeasured

at the tailpipe}
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Graph 3 Lehigh lee-Resurfacing Machine Carbon Monoxide Emissions (measured

at the tailpipe)
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Table 4. Ice Resurfacing Machincs (Cold Start Idic) Comparison of 5-gas

Emissions Analyzer Data

Valley Ice- Leased Ice- Lehigh Rink Ice-
Resurfacing Resurfacing Resurfacing
Machine Machime Machine
Hydrocarbons {ppm) Mean=700 Mean=53 Mean=30 5
Std Dev =11 std Dev =27 Std Drev =8 535
n=10 n=6 n=6
Peak=713 Peak=89 Peuk=47
Carbon Monoxide (ppmi) Mean=13,15({} Mean=3,817 Mean=9,300
Std Dev =680 Sid Dev=1,786 | Sid Dev =2,319
=10 n=6 n=6
Peak=14,300 Peak=7,000 Peak= 12,800
Carbon Dioxide (%) Mean=7 34 Mean=135 Mcan=11 4
Std Dev =013 Std Dev =~ 11 Std Dev =025
n=10 n=>6 n=06
Peak=7 5 Peak=15 1 Peak=117
Oxygen (%) Mean=% 63 Mean=0 Mean=4 38
Std Dev =13 Std Dev =0 Std Dev =D 27
n=10 n=6 n=6
Peak=99 Peak=0 Peak=4 8
Nitric Oxides (ppm) Mean=424 Mean=158 Mean=45 5
Std Dev=46 Std Dev=04 Std Dev=20 11
n=1¢0 n=>06 n=6
Peak=5192 Peak=22( Pcak=79
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Table 5- Ice Resurfacing Machines (2500-2700 rpm) Compatrison of 5-gas

Emissions Analyzer Data

16

Valley Ice- Leased Lce- Lehigh Rink Ice-
Resurfacing Resurfacing Resurfacing
Machine Machine Machine
Hydracarbons (ppm) Mean—478 Mean=49 Mean=15 7
Std Dev =82 Std Dev =75 Std Dev =5 24
n=4 n=8 n=6
Peak=679 Peak=62 Peak=24
Carbon Monoxide (ppm}) Mean=3,200 Mean=425 Mean=7,450
Std Dev =3,533 Std Dev =1,122 Std Dev =3,076
n=% n—8& n=6
Peak=11,700 Peak=3200 | Peak=10,600
Carbon Dioxide (%) Mean=11 58 Mean=14 Mean=14 12
Std Dev=13 Std Dev =0 44 Std Dev =019
n=9% n=8 n=6
Peak=12 13 Peak=13% Peak=14 4
Oxygen (%) Mean=4 53 Mean=1 5 Mean=0 &R
Std Dev =129 Std Dev =07 Std Dev =004
n=% n=§ n=6
Peak=7 B Peak=2 1 Peak=0 90
Nitrie Oxides (ppm) Mean=2,351 Mean=2,264 Mean=954
Std Dev=267 Std Dev=E84 Std Dev=93
n=9 n=§ n=0
| | Peak=2,562 | Poak-2816 | Peak=1,110__|




Table 6: Ice Resurfacing Machines (Idle with Engine Warm) Comparison of 5-zas

Emissions Analyzer Data

Valley Ice- Leased Ice- Lehigh Rink Ice-
Resurfacing Resurfacing Resurfacing
Machine Machine Machine
Hydrocarbons {ppm) Mean=634 6 Mean=112 Mcan=0
Std Dev =88 Std Dev =46 Std Dev =0
n==5 n—=4 n=4
Peak=701 Peak=117 Peak=0
Carbon Monoxide (ppm) Mean=11,938 Mean=-23,825 Mean—13,200
Std Dev =202] Std Dev=10,256 | St Dev=247C
n=g n—=4 n—4
Peak=14,600 Peak=30,204} Peak=16,300
Carbuon Dioxide (%) Mean=g8 51 Mean=13 3 Mean=12 |
Sid Dev =121 Std Dev=013 Std Dev =0 35
n=§ n=4 n—4
Peak=115 Peak=13 3 Peak=12 6
Oxvygen (%) Mean=8 19 Mean=0 15 Mean=3 (5
Std Dev =1 51 Std Dev =024 Std Dev =0 37
n=3 n=4 n=4
Peuk=9 Pcak=D 35 Peak=3 3
Nitric Oxides {ppm) Mean=530 Mean=19{Q Mean—=101
Std Dev—=222 Std Dev=213 Std Dev=73
n==_8 n=4 n—=4
Peak=1,077 Peak=508 Peak=211




DISCUSSION

Problems with air pollution 1n indoor 1ce arenas have previously been documented (Brauer M,
Spengler JD 1994, LeeK, Yanagisawa Y. Spengler ID, et al 1994, Pribyl CR, Racca ] 1996,
Smith W, Anderson T, Anerson HA, ct al 1992) The main toxic ageat has been carbon
monoxide (CO), in recent years, investigators have also descnbed toxic effects resulting from
mtrogen dioxide (NO;) exposure These problems have typically been traced 1o malfunctioning
ice-resurfacing machmes in combination with inadequate ventilation  The hazard of cxposure Lo
poisonous gases from internal combustion powered ice-resurfacing equipment n indoor 1cc
arenas (5 a potential public health problem in Pennsylvanra and i many other states in which ice
hockey and other indoor 1we-skating activities are popular

RECOMMENDATIONS

1)

2)

3)

4)

3)

The safesi solution for preventing poisoning from carben monoxide and mitrogen dioxide
m ndoor 1ce arenas would be to replace tce-resurfacing equipment powered by gasoline
or propane with electric equipment Haowever, this solution may not be econemically
viable 1n all situations and creales a potential hazard from hydrogen gas produced from
recharging the baiteries  Cost advaniages may exist when considering ventilating a small
battery charging room as compared to ventilation of propanc emissions m an ice arena  If
possible, the battery charging room should not be tocated m the same room as the air
handling unit

If propane fueled ce-resurfacing equipment (s used, 1t 18 essential that the machine s
operating properly and 1s fitted with a catalvtic converter, exhaust gas purifier or some
other erussion control device  Regular emissions testing should be performed to venty
that the catalytic converter 1s operating elficiently  Uader no curcuinstance should a
propane or gasoline powered ice-resurfacing machine 1dle indoors to warm up while
exhausting mside of a building

The machine should be configured with a vertical exhaust stack that exhausts the gas as
high as reasonable possible Gas or propane 1ce-resurfacing equupment fitted with a
catalytic converter and exhaust stack should warm up outside for a minimum of 16
mmnutes to allow the cxhaust gas purifier to work propetly

If conditions outdoors do not allow for warm-up of the machine, a properly designed
hose exhaust system to ventulate the combustion gases from the stack to a location outside
of the factlity should be used Any ventilation hose system should fit tightly around the
exhaust stack to prevent leaks The system should also be powered by a fan or any means
of pulling the contarminant out of the hose to the extener of the bullding away from any
air mtake For convemence m this facility, the hose could run through the ceilling of the
resurfacing room at the location where the 1ce-resurfacing machine 1s parked

Proper sized filters should be mstalled o all air handing umits n the facility Before
operation of an air handling utut, the access cover should be replaced over the slot where
the filter has been mserted
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6} In aroom with high concentrations of combustion gases, contaminated air can still enter
the air handhng unit cven when the systein 1s properly maimntained To prevent exhaust
gas from entering this air handling unit, 1t should be relocated to another arca (locker
room 4, for examplc) The rcturn air and outside air ductwork should also be moved to
prevent any leaks in the system from pulling 1n air from the compressor/resurfacing
room Any heles 1 the wall between the compressor/resurfacing room and locker room
4 should also be scaled

7} Pcrsonnel must regularly monitor indoor air quality during and after cvery ice resurfacing
o avord situations of exposure to toxae levels of combustion gases W ith regard to the
nsk of carbon monoxide and mtrogen dioxide exposure, air-quality regulations for indoor
1ce arenas should be developed

8) For ventilation of the 1ce arena, air should be exhausted at the ceiling and make-up air
should be brought i from outdoors through a dehumidifier umt A dedicated
dehumadifier unit 15 recommended for make-up air conditioning to provide better
humidity control for the rink than a combined {make-up and retumn awr) sysiem  Cuorrendly
the dehumidifier units return dehurmidifier air at 10 to 12 feet above the floor In order to
allow for proper mixing of fresh ar with exhaust gas, we recommend lowering the return
of dehumidified air as close to the floor as possible

9} Proper amounts of outdoor air should be brought in to dilute the poisonous gas 1o
favorable levels Ventilation systems should be properly maintained and sufficient to
provide air movement preventing the accumulation of hazardous gases

The Amenican Socicty of Heating, Refrigerating and Air-condihoning Engineers (ASHRAE)
Standard 62-2001 prescribes a supply rate of 0 50 cfm/ft? 1n 1ce arcna playing arcas for
acceptable outdoor air required to have acceptable imdoor air quality A typical hockey rink 200
feet 1n length by 83 feet wide would requne 8,500 cubic feet per minute of outdoor air to meet
the ASHRAE ventilation requirernent The ASHRAE standard also prescribes 15 cubic feet per
minute per person for spectator areas of sports faciliics  The maximum occupancy as provided
by the owner was assumed to be approximately 400 pecople and would require the capacity for an
additional 6,000 cubic feet per mmute of outdoor air Given the ASHRAE standard for spectator
areas and playing areas, the 1ce arcna syslem should have capacity to ventilate 14,500 cubie feet
per minute of outdoor arr to meet indoor air quality requirements when the facility 18 1n use at
maxunum occupancy The room conlaining the 1ec hockey rink did not have ventilation or air
movement other than the dehumidifier units shown on the diagram m Figure 1 Any changes to
the facilily should meet applicable staic and local codes and regulations  Dependmg on the
charactenistics of the 1ce-resurfacing equipment, this exhaust volume may be sufficient to control
emssions from internal combustion powercd cquipment  Equipment to measure volume of
cinissions was not used durng the NIOSH cvaluahion of the we-resurfacing cquipment

Aitempis were made to oblain exhaust volumes from the manufacturer of the ice-resurfacing
machmne used af the Valley Rink on Sunday September 29™  After repeated requests, the
manufacturer did not provide any mformation on volume of crmissions for this specific prece of
equipment Facility management should attempt to obtain thes information (exhaust gas flow
ratcs, concentration specifications, ete ) from the manufacturer, and confirm that the 14,500
CFM exhaust will be adequate to control combustion gases NIOSH engineers can assist in this
detecrmnalion
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CONCLUSIONS

From the Imuted evaluation of the (ce resurfacing equipment and budding ventilation system.
NIOSH engincers determined that et was likely that peaple inside of the 1ce arena were
overexposed to carbon monoxide and mitrogen oxides  The fingl NCEH report will present the
epidemielogical study documenting the specific health affects of the exposed group The
overexposures were likely a resuli of 1ce resurfacmg equipment that was malfunctioning m
combination with the specific design of the HVAC system serving the Jocker rooms and the Jack
of outside air supply to the rink in gencral
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