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Water Infrastructure Needs

USEPAE200billion for drinking water pipe repairs

USEPAG600 billionfor sanitary sewer pipes

FHWA: Millions of feet of culverts require repair

Private water and sewer pipes require repair. In
building plumbing require repairs.

Mechanical pipe failuresan becatastrophic
(traffic disruption, publicafety, $$%)



http://www.cbc.ca/gfx/images/news/photos/2007/05/28/ab-ed-sinkhole.jpg
http://www.cbc.ca/gfx/images/news/photos/2007/05/28/ab-ed-sinkhole.jpg

Plastics are ....Polymers = many...Unit...compound

Long-chain molecules of very high molecular weight (n = tens of thousands)

H H H H Initiator(s) /I-I
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\ +heator UV light

IER CHAINS ... THINK SPAGHETTI Place of Manufacture

Linear Branched Before onsite

- HDPE, PVC, cPVC, PEX, etc.
—_~
— — Inside the water system
Coatings and CIPP liners




How to Make Plastics (Think Spaghetti)

Straighten the spaghetti strands

i N linked HDPE,
- S ot crosslinke PVC, etc.
S

Bond the spaghetti strands
CIPP,

/ —  Crosslinked gaslfets,
G l \ coatings,

- PEX

Flexible: HDPE vs. LDPE (LDPE has more free volume/space between chains)
Flexible: HDPE vs. PEX (HDPE has greater chain mobility)



What Is
cured-in-place-pipe
(CIPP)?

G¢CNBYOKE Saaé LILIS
preferred by communities nationwide

1975: Arrivedin the USA.

Sanitary sewer, storm sewer, drinking
waterpipes (M n né€ RAL Y Oy

Up to 6380% less expensive than other
pipe repair options.

Pipes can be typically repaired ind
hours instead of days or weeks



UncuredRESINube
delivered on a truck
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Hard ends are cut o

UncuredRESINube inserted UncuredRESINube inflated
into damaged pipe (raw chemicals) with air inside host pipe
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Resin
Types

Method to
insert
uncured

—_—

resin tubes

Method to
polymerize —
resin

Cooldown
method

Polyester

(est. most popular)

Vinyl ester
(est. > cost of
polyester)

Epoxy
(est. >> cost of
polyester)

People also say “Styrene resin” vs. “Non-styrene based” resin

Air inversion

Water inversion

Resin + Solvents + Fillers + Catalysts + Initiators are added to create an uncured resin tube

Pull in place

Sometimes resin may leave the tube and flow into cracks and sewer laterals. May not cure.

Tubes sometimes have a plastic coating. Plastic “preliners” sometimes used.

Thermal -

Steam injection

(most popular)

Forced hot air

Thermal —
Hot water
recirculation

Forced ambient air

uv -
Light exposure
(est. most growth)

Recirculated water



Crosssection of new UV cured
CIPP with fiberglass layers

6t Layer (inner): PE
laminated with PA

5t Layer: PET fiber cloth

Uncured PET
felt resin tube
before steam
curing

4t L ayer: glass fiber filled
with vinyl ester resin

1 3rd Layer: glass fiber filled
with vinyl ester resin

1 2nd Layer: PET fiber cloth
coated with PE and PP

1| 15t Layer (outer): PVC

Crosssection of new thermally
cured CIPP with PET felt layers




Chemical Plume-Exhaust

Chemical Emission
Plume \/

Steamn Chemical Plume- .
‘ Fugitive Emission Exhaust Pipe
ﬂ I = = = Ventilator
=) — — in Manhole
Upstream

Chemical Plumes Generated by CIPP can Escape the Pipe Being Repaired

Nearby
Buildings

7 Lateral

Chemical
Plumes in CIPP Chemical plumes can
be discharged into

nearby areas

PURDUE
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Reinstate lateral connections by robot cutting

"?' CIPP Lateral Reinstatement Robotics Cutter

Sewer laterals that
connect to the pipe
being repaired are not
sealed off from the
property. The uncured
resin tube can bulge into
the sewer lateral.

Uncured resislugs in laterals thadff gas CIPP companies adell3% excess resin by volume per

ASTMC m T n @llow far2he change in resin volume due to polymerization, the change in resin

volume due to thermal expansion or contraction, and resin migration through the perforations of
the fabric tube and out onto the host pigdes



201571 A University of New Orleans PhD student uncovered imminent
safety risks: Styrene exiting a Los Angeles sewer exceeded the IDLH
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In 2005, An Office Building was

Contaminated through the 1 ¢{5w / 2y Of dza A 2y Nveld X A N
Foundation, Lingered for Months  aboveguidelinesor longterm exposuras well

Date

12/10
12/13
12/13-22
12/22
1/12
1/13
1/18
1/21
2/4
217
3/28

Total VOC,
PPM
Evacuation

Evacuation
nd ¢ 1.45
nd¢ 199.0
0.5¢ 30.0¢
ndg¢l.77
nd ¢ 1.60
nd ¢ 0.86
nd¢0.21
nd ¢ 0.57
nd¢0.22

I & 2 0 KS NJcanditioris Xthd'site ére
Styrene, classifiedasa public healttK I | I NR €
ppm — - S— I
Evacuation
Evacuation

Milwaukee, WIHealthDepartmentodorin buildings
associateavith some rdining projects in the pashut
typically would lasonly a couple of days.



R oo T MO Alexandria, VA

Via : Sewer pipe lining starts today in

. May notice "chemical-like"
odor, Safe for people, animals.

Circa 2016 Industry Safety Claims

G{ 0eNBYS OIFLI2N 2F |
dis not a human health risk
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No wastecapture

osome people are offended by this odor and are
fearful of it; even though the concentrations
IKSeé ayStft LINBaSy

No formal setback distances
No formal respiratory protection
No formal air monitoring

PURDUE
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2001, Canada: 3.2 ppm styrene maximum

Q: Does emission pose a healt
2004, Canada: PID 1Jpm

and safety risk to workers or

2004, GermanyDraegertube 20 ppm bystanders (i.e., children)?
styrene

2004, Canada: PID 120 pystyrene Odor Thresholoncentration =
2005, WisconsinPID 199 ppm 0.016ppm

2006 The Netherland€?1D87 ppm .
styrene General Public:

CA OEHHA (2017) Acute Retf.
Exposure Level = 4.9 ppm

2007, Virginia9.9 ppmstyrene

2016, California: 20,070 ppm styrene

discovered ATSDR (2005) Acute Level
=2.0 ppm

PURDUE
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NSF RAPID Study: The plastic manufacturing wastemdsphase chemical
mixture, NOTSteam(vapors, particulatesiroplets, partially cured resin, etc.)

Teimouri et al. 201 7Environ. Sci. Technol. Lettenitps://doi.org/10.1021/acs.estlett. 7b00237




Our 2017 Study: Plastic manufacturing waste emissions

wer € t e

g ul

compl ex

€ not wh at

Worksite Chemical Air Emissions
and Worker Exposure during

Chemical Plume

Particulate
Organic vapor

Sanitary Sewer and Stormwater

Pipe Rehabilitation Using Cured-in-

Place-Pipe (CIPP)
Download FREE here:
https:// doi.org/10.1021/acs.estlett.7b00237

Exhaust is a multi-phase mixture, not steam

Refrigerated
Truck

Water vapor
Liquid droplets

Uncured resin tube inside host pipe

1,800 to 4,300 ppm styrene in condensed
material + other carcinogens and EDCs

Acute toxicity differed by worksite to mouse
lung cells

Some workers were handling resin with
barehands and had no respiratory protection

wS&aLJR2yasX

CIPP industry said results amrefounded, no safety
risk. Urged municipalities not to jump to conclusions.
Sent letters threatening lawsuits.

CIPP industry funded their ovatudy.
NIOSH began helping workers (confirmed the issye).
Workers reached out to us for help and advice

c:

PURDUE

Teimouri et al. 201 7Environ.

Sci. Technol. Lettdrgps://doi.org/10.1021/acs.estlett.7b00237



https://doi.org/10.1021/acs.estlett.7b00237
https://doi.org/10.1021/acs.estlett.7b00237

Calibrated PIDs at CIPP worksits not predict health risk.
PID under and overestimated styrene levels by 10x to 1000x
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News updated: 10/26/2017 11:28 AM

Worker killed in Streamwood
sewer Ime

Daily Herald
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llluminated by emergency lights and rescue lights, a man reacts after rescue
crews pulled the body of a worker from a sewer line on South Park
Boulevard in Streamwood Wednesday night.

John Starks | Staff Photographer

Reporters: Jake Griffin, Eric Petersen
Photo: John Starks, Daily Herald

A few months later a 22 year old
healthy CIPP worker was killed

Worker entered the new CIPP
(like others had elsewhere)

Victim exposed to 22275ppm,
styrene for 4 hours according to pest
mortem blood analysis [OSHA]

$3M wrongful death settlement.
Village of Streamwood, Consulting

engineey CIPP company, CIPP safi
company,CIPResin company
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did not list all the chemicals that
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Product/ingredient Identifiers % Classification
name
Onsite UV CIPP Resin MSDS:
n
Bfyrene REACH #: 01- 35-50
2119457861-32 "
EC: 202-851-5
emicals reporte
Index: 601-026-00-0
STOT RE 1, H372i
Asp. Tox. 1, H304
phenyl bis(2,4,6-trimethylbenzoyl)- |EC: 423-340-5 0.1-25 |R43 Skin Sens. 1, H317
phosphine oxide CAS: 162881-26-7 R53 Aquatic Chronic 4, H413
Index: 015-189-00-5
2,2-dimethoxy-1,2-diphenylethan- |EC: 246-386-6 <0.25 N; R50/53 Aquatic Acute 1, H400
1-one CAS: 24650-42-8 Aquatic Chronic 1, H410
See Section 16 for See Section 16 for the
the full text of the R- full text of the H
phrases declared statements declared
above. above.
, Chemical loading varied by layer of the uncured resin tu
Compound Compound loading (mg/kg)
Whole 1%L (PVC) 2nd 3 4th 5th 6th
BADGE® 1110 + 40 - 1,730 + 180 1,010 + 71 1,010 + 60 2,610 + 30 -
Benzaldehyde 130 + 11 — 295 + 28 195 + 11 89 + 5.7 253 + 12 -
BHT 86 + 4.0 - 162 + 4.0 70 + 2.0 92 +26 237+ 6 44+ 23
" DBPEDC. HAP 388 + 60 7,700 + 380 62 + 16.7 30 +35 - 18+ 16 41 +35
el I l ICa S Decane 60 + 4.7 — 109 + 6 62 + 1.5 68 + 5.0 74 + 4.1 34+ 25
1-Dodecanol 156 + 15 743 + 96 — - — - —
Ethylbenzene!A? 50+05 - 82+10 80+10 70+12 82+16 33+46
n
Irgacure™ 184" 2,270 + 80 - 4,330 + 150 2,290 + 30 2,160 + 120 6,090 + 96 936 + 72
We O u n I n Isopropylbenzene™® HAP 21 4+ 1.4 - 31+18 24 +0.7 26+ 1.7 33+ 0.7 -
Maleic anhydride!'A™ M 280 + 2 - 550 + 40 273 + 40 314 + 13 811 + 42 94+ 26
) Phthalic anhydride"™ M 124+ 12 - 274 + 36 175 + 21 176 + 17 402 + 0.3 -
N-Propylbenzene 40+ 1.8 — 58 + 2.5 42 + 0.6 46 + 3.8 57 + 2.6 59+ 1.6
e re S I n Styrene oxide CAR HAP 56 + 6.3 - 60+ 1.3 138 + 10 47 + 34 63 +49 -
StyreneAR: HAP, M 108,000 + 12,000 22,200 + 4500 144,362 + 10,135 112,000 + 4000 134,000 + 8900 125,000 + 2600 10,400 + 3300
1-Tetradecanol 98 + 11.7 988 + 180 - - - - —
1,2,3-TMB 19+ 0.7 - 32+15 18 £ 0.5 19 + 05 38+19 1.2+17
1,2,4-TMB 113+ 3 - 175+ 9 105+ 3 115+ 4 186+ 5 11 £52
1,3,5-TMB 36 + 0.6 - 52+ 19 53 +27 38 +0.8 56 + 1.6 44+ 0.5
XylenesHA? 15+ 1.2 - 22 +1.2 20+ 04 21+ 2.1 22+10 7.1 + 101

Est. Total =Mass 113,007 31,631 152,312 116,513 138,246 135,958 11,581




Some chemicals found were from initiators, meamtact and
facilitatepolymerization, but also formatewchemicals

Trigonox®

Acetophenone

Benzoic acid
tert-Amyl alcohol
tert-Butanol
3-tert-Butoxyheptane
2-tert-Butyloxy-24,4-trimethylpentane
Carbon dioxide
3-(1,1,Dimethylpropoxy) heptane
Ethane
2-Ethylhexanoic acid
Heptane
Methane
2-Phenylisopropanol
3,3,5-Trimethylcyclohexanone

Perkadox® Butanox®
Acetic acid
Benzoic acid Carbon dioxide
4-tert-Butylcyclohexanone Formic acid
4-tert-Butylcyclohexanol Propanoic acid
Carbon dioxide
Diphenyl
Phenylbenzoate N,.N-Dimethylaniline
Tetradecanol Aniline
Carbon oxides
Nitric oxides

Ra et al. (2018) Critical Review: Surface Water & Stormwater Quality
LYLI Ola 27 -PimzRépatrsgAWMAL f | OS
https://doi.org/10.1002/awwa.1042
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Oxidation ’ Oxidation
Styrene » Styrene oxide » Phenylglycol

Cleavage Rearrangement
40 years ago the composites industry knew M g
that byproducts (new chemicals) are

LIN2 RdzOSR @¢gKSy @&2dz O 8 NBY S

Benzaldehyde Acetophenone

But CIPP workers, companies, health : |
officials, and emergency responders are @/ﬁ @\/\
often told the only chemical presentis "~ Co

styrene.

Benzoic acid Phenylacetaldehyde

Pfaffliet al. 1979. Styrene and styrene oxide concentrations in the air during the lamination process in
the reinforced plastics industriacandinaviad.Work, Environ & Health 158161.



Our 2019 Study: Styrene, Other -
VOCs Present, PIDs, Workers can 9
Cross-Contaminate their EQuipment ' o

Considerations for emission monitoring and liner
analysis of thermally manufactured sewer cured-

In-place-pipes (CIPP) | :
Download FREE here: ;}Qh
‘;-?.\;g.flf

https://doi.org/10.1016/j.jhazmat.2019.02.097

Vapors found: Styrene (>86 ppm),
methylene chloride (>1.5 ppm), phenol

Many people using PIDs, but styrene vapor by PID can
have 10x to 1000x error on worksite! - Unreliable.

1 to 2 wt% of final CIPP is VOC residual
Many VOCs and SVOCs in the new CIPP.

Workers contaminated non-styrene CIPP with styrene.

PURDUE


https://doi.org/10.1016/j.jhazmat.2019.02.097

In vitro toxicity assessment of emitted materials collected
during the manufacture of water pipe plastic linings

Lisa Kobos, Seyedeh Mahboobeh Teimouri Sendesi, Andrew J. Whelton, Brandon
Boor, John Howarter, Jonathan Shannahan

2019. J. Inhalation Toxicology https://www.tandfonline.com/doi/full/10.1080/08958378.2019.1621966

1.

CIPP emissions likely should not be regulated based on styrene alone and exposure
assessments of worksites would benefit from more comprehensive evaluation of emission
components

Benzaldehyde, benzoic acid, phenol, 1-tetradecanol were all highest in Site 4 emissions

Efforts should be made to adequately inform workers and the public regarding emissions as
there is a potential for toxicity following inhalation exposure

Minimize exposure, utilize proper personal protective equipment (PPE)

4. Investigate alterations in operational procedures to mitigate emissions and to understand potential

adverse health effects

Based on our findings future studies should examine cytotoxicity and cell injury, immune
responses, fibrosis, and cancer as these were pathways determined to be modified significantly
In representative pulmonary cells following exposure

RURDUE

24



Evaluation of Exposures to Styrene During
Ultraviolet Cured-in-place Pipe Installation

Ryan E LeBouf, PhD, CIH
Dru A. Burns, MS

Exposurdo styrene(140ppm)
exceeded thel5-min shortterm

exposurdimit of 100 ppm HealthHazard

{ vd I vation P rogram

Styreneand totalVOC worker
exposureconcentrationsvere
reducedwhen manhole ventilator
blower fans wereused.

Report No. 2018-0009-3334

January 2019 .orag
P
@ [

y
PURDUE U.S. Department of Health and Human Services v CDC
““““““““““ Centers for Discase Control and Prevention -' { - w
o LA
\ wWongiooe

National Institute for Occupational Safety and Health

They now could fix their problems.




PROBLEMS: Most CIBtadies 100% reliant on Pl@ata

Remember the CIPP industry w
stated our discoveries were
unfounded?

and styrene vapor only considered

2001, Canada: 3.2 ppm styrene
2004, Canada:’!|0110ppm
2004, GermanyDraegertube 20 ppmstyrene

2004, Canade?!120 ppmstyrene

2006, The Netherlands?! 087 ppmstyrene D?ﬁeCt\e/%Sé[yr.enle \éapogjin airl(lfj)U'ha
2007, Virginia9.9 ppm styrene %eﬁéene gclgtc(:)hjem Elgnrznaetheylg
2016, California: 1,070 ppm styrene OKf 2NA RS> LIS y 2t

2017, PURDUE: Multiphase mixture, not just styrene
vapor (18004300 ppm styrene + others)

n &SI N& f

The captured condensed material

2017, Virginia”!104 ppmstyrenemax was not just styrene.

2017, OSHA225275ppm styrene

2018 Alaska!”!1)>100 ppm styrene for 15 min Styrene levelsip to 1,820 ppn(in
2018, New Zealand: 12 ppm styrene resin truck) and 316 ppm (exhaus

2018, Oregon:’11)1,050 ppmstyrene pipe)
2019, NIOSH: 140 ppm styrene atidinylbenzene

PJO AR NI = e R T R R ] But several issues with sampling
chloride. Multiple other VOCacetophenone locations, data interpretation,
benzaldehyde, benzoic aciolhenol tetradecanol representativeness, etc.

PURDUE
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1 Steam/Hot Water CIPP

Exposurdo styrene(105 ppm)
exceeded the shorfterm 15min
NIOSH exposutenit of 100 ppm
and ACGIH limit of 20 ppm

Styrene levels downwind were
higher than upwind.

The uncured liners released styrene
Into the air even though they were
wrapped in polyethylene.

PURDUE

Evaluation of Exposures to
Styrene during Cured-in-place
Pipe Liner Preparation and
during Pipe Repairs using Hot
Water and Steam

HHE Report No. 2019-0080-3379
July 2021



Concentrations differ by activity: Setup.Curing vsCooldownvs. Mechanical cutting

Partially cured resir

Example' Steam CuredOrqanic Vapors are Pushed Out
1 tyrene: 250 to 1,070 ppn3.6 to 76
CIPP waste discharge. 5o coosmm aoa o 1o
Methylene chloride>1.5 ppm
Organic Vapors from Resin Truck Others: Acetone, Benzeriggnzaldehyde,
Styrene+ vapor 1,820 ppm MEK, ChlorofornkEthylbenzeneloluene,
(NIOSH Limit: IDLH 700 ppm worke TMBs, Xylenes and more
(CDPH Limit: 4.9 ppm public)

Exhaust

3 to >20+ ps D ' Y
SadiL: Emissions STEAM
artificial & A Multiphase Mixture is
pressure Steam hose Q:)‘ Discharged

. from boiler
applied Phenol, DBP, TPGDA,

Fugitive TetradecanqlBenzaldehyde

Emissions 2 N Benzoic acidAcetophenone
&> e

S| =

Sewer lateral
to building

I<\ Styrene:1,800 t04,300 ppm




CIPP injection truck

y

This is a Multiphase Chemical Mixture, NOT Steam
(particulates, droplets, partially cured resin, etc.)

Private sewer laterals connected to residential building, commercial building, etc.



From 2017 to 2020:

Evidence we obtained debunked 20+ years of safety claims
spread by contractors, mun|C|paI|t|es and consulting engineers

f GeNBYyS @I L2 NI 2 ralsd Sg 1LIIYE
GAa y2i | Kdzvdisy KS -

GAa alkFS F2N LISRLX
GAO Aa KIFNMicSaa ad
ay2 KIT I NR2dza ©C2v%¥R
GR2Y QU 0S” It NYSRE
GazyYS LIS2LIES I NB 2
and are fearful of it; even though the

concentrations they smell present no e —)
K I NaYlg 2019, New York City, NY
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Spooner Middle School reopens, identifies 'chemical
exposure' that sickened 64 students and staff

Some parents aren't comfortable sending children back, saying district hasn't
been open about what caused Nov. 10 evacuation

By Rich Kremer
Published: Tuesday, December 21, 2021, 6:10pm




Evidence: CIPP caused chemical exposure incidents for the general public
(info below not yet updated since 2019, more have occurred.)

2017 studyss

Alexandria, Virginia

Antigo, Wisconsin
Arlington, Virginia
Baltimore, Maryland
Bellevue, Washington
Bethlehem, New York
Boston, Massachusetts
Botany Village, New Jersey
Brooklyn, New York
Cambridge, Massachusetts
Cheektowaga, New York
Clear Creek, Colorado

Des Moines, lowa
Fayetteville, New York
Good Hope, lllinois
Helena, Montana
Kensington, Maryland
Lincoln, Nebraska

Lorain County, Ohio

Madison, Wisconsin

Milwaukee, Wisconsin
Nashville, Tennessee
North Tonawanda, New York
Philadelphia, Pennsylvania
Picayune, Mississippi
Pittsburgh, Pennsylvania
Port Huron, Michigan
Prairie Village, Kansas
Rensselaer, New York
Saint Louis, Missouri

Saint Petersburg, Florida
Saugus, Massachusetts
Snellville, Georgia
Southfield, Michigan

West Lafayette, Indiana
Willamette River, Oregon
Williams Co. Village, Ohio
Worcester, Massachusetts
Unidentified, Illinois

Unidentified, Minnesota

Teimouriet al. 017)Environ. Sci. Technol. Letters.
https://doi.org/10.1021/acs.estlett.7b00237

2019 StUdy45)

Andersen, Indiana

Lees Summit, Missouri
Aurora, Colorado Midland, Michigan
Austin, Texas Milwaukee, Wisconsin
Alexandria, Virginia North Attleboro, Massachusetts
Arlington, Virginia Nyack, New York
Arlington, Kentucky New York, New York
Barnet, Vermont Richmond, Virginia
Bend, Oregon Salem, Virginia
Bolivar, Missouri Sarasota, Florida
Bronxville, New York Saint Louis Park, Minnesota
Burlington, Kentucky Saint Paul, Minnesota
Charlotte, North Carolina San Diego, California
Chattanooga, Tennessee South Heights, Pennsylvania
Columbia, Missouri South Pasadena, California
Darlington, Wisconsin Tampa, Florida
Dublin, California Terra Haute, Indiana
Effingham, lllinois Vancouver, Washington
Falls Church, Virginia Weymouth, Massachusetts
Hattiesburg, Mississippi Whitesboro, New York

Honolulu, Hawaii

Ra et al. (2019).Haz Materials.
https://doi.org/10.1016/j.jhazmat.2019.02.097

OCONUY &

Brisbane, AUS

Birmingham, UK
Cornwall, UK
Manchester, UK
Somerset, UK
Surrey, UK
Montréal, CAN
Ontario, CAN
Ottawa, CAN
Québec, CAN

Toronto, CAN

Known Exposures in 30+ States

California, Colorado, Connecticut, Florida,

Georgia, Hawaii, lllinois, Indiana, lowa

Kansas, Kentucky, Maryland,

Massachusetts, Minnesota, Mississippi
Missouri, Montana, Nebraska, New Jersey,
New York, North Carolina, Ohio, Orego
Pennsylvania, Tennessee, Texas, Vermant,

Virginia, Washington, Wisconsin

32


https://doi.org/10.1021/acs.estlett.7b00237
https://doi.org/10.1016/j.jhazmat.2019.02.097

Private Property
(not for contractors)

P e R R -

HVAC Vent

- |

Foundation
Crac

- -

Utility/City Property

(Work5|te only for contractors)

e e il -

| Pressure
wind used against the
uncured resin tube




Emergency responder and public health considerations
for plastic sewer lining chemical waste exposures in indoor environments

Plumbing traps (graps)are required on all plumbing fixtures,
Balanced situation: p; = p, Incipient venting: p; = p, + y(2h) including toilet, sink, bathtubs, shower, and floor drain
to prevent transient gases, insects, and rodents from entering the roon

Sink
Atmosphere
(location 2)

Reported pressure applied by contractors
during sewer lining:

41 3 psito 28 psi
I

External External
Pressure Pressure

Atmosphere
(location 2)

Balanced situation: p; = p,

Incipient venting: p, = p, + y(h + 1) The relative (gage) pressure needed to
- displace the water seal
wa Sink=0.14 psi
Toilet=1.28 psi

Atmosphere Atmosphere
(location 2)

(location 2) 1

-trap
I I | v
| I T
xternal

Presae ; Only 0.5% to 43% of the total pressuapplied
by the contractor would be needed to prompt

https://doi.org/10.1016/j.jhazmat.2021.126832 wastewater blowback
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Bathroom chemical air contamination
and decontamination modesimulation

Nonventilation Condition
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™ /

X i

ELAp 2.44m

Effective Leakage Area (ELA) around door

Ventilation Condition

/.

2.44m

Indoor styrene
concentration change
after constant inflow

(1,000ppm, for 10 min)
into the bathroom

2.44m
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in
% 4
Csty?home =0 AS/ |y -
N&LA
| |
ELAp :ﬁ | pan |
ELA around door asm

The bathroom air styrene concentration was influenced by
bathroom exhaust fan operation
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(perfectly sealed door)

Floor gaps for the bathroom door (width x height)

(door fully open)
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Wiat's th&aktentloKtle prébEe®?S v

( Infrastructure <. _
| Owner A PR > Hospital
: \\I II
| /\ : 4:\ .--> Urgent Care
| CIPP Engineering |\ / .-~
. Company % Consultant 3/ 7
\ A / ‘l l' /,/
Nl i B 4l > USEPA
‘ Incident ‘ i Emergency
Elected /4 .~ Responder
. . <‘~~§\ /II,/’ //II”/,
Official
Purdue .= Bystanderps#2, Another
. N ~ Bystander
University
19'/ III \\\\\ . pn .
Local PH ./ = The CIPP company notifies bystanders, not medical
=R Personal rofessionals. City encourages bystanders to contact
State PH  Physician P 1Y Hrages LYStehasrs 1o contac
—_— Y the company. None have medical experience.
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Technology and system awareness: The California
Department of Health and Florida Department of Health have
taken initiative to warn health officials, municipalities, and
he public

Beott A Rivkees, MD
HEALTH

Ha

Cure-In-Place Pipe (CIPP) )( DPH
Vapor Migration into Buildings o

CURED-IN-PLACE-PIPE [CIPP]

Cured-in-place-pipe (CIPP) installation is a relatively new method used for sewer line and c
The use of CIPP for

y, concem: re rai regarding the possibility of residual chemical rel

ion process and related harm to human health.
rehabilitation Is w This factshest will help you o leam more about the CIPP proce:
country and abi h i

ealth and how to protect yourself and your fam ossible health
the most widely used

how it may harm your
There is a possibllity for
with CIPP processes. In addit
merous v
micals being released during

installations that have previously bega

n resulted in styren nigrating
vels. Bullding experienced
Sty

intruslon impacts.

Styrene healt

¢ Central nervous sy!

har utilitie

¢ Mucous membrane , eyes, nose and throat).

¢ Nervous system effe adach
balance problems.

e, fatigue, changes in color vision, concentration and

¢ Potential to cause can

Concerns during CIPP installation

¢ Styrene and other toxic vapors can migrate during cure-in-place pipe (CIPP) installation Into
bulldings through windows, doors, cracks in foundations, laterals, compromised plumbing
connections, and subsurface voids, resulting in potentially harmful exposure to occupants.

+ Vapor migration is highly variable due to subsurface conditions, job size, and buliding
characteristics.

May 2020 {update)
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EnV| 'on mental 61,000 to 454,000 kg of resin sometimes used per project

Impacts have been

[[Est. 633 tons per CIPP project]]

I Est. 633 tons
less studied . 633 fon,
Resin VOCs evaporate and are [“(Wx
discharged into the environment V
during curing (est. 8.8&t% los}) A  Fesin Bl B | ﬁ"
-’1 ke O .”ng )} N

P residualon |

T ChE
Can ventilating the new CIPP fixg = e ;6{ CACHU®G H G A UJ
the use phase styrenelease
problem?-No

Perspective: Under section 112 of the Clean Air Act, the plastic pipe and pipe fitting manufacturing
industry [NAICS code 326122] must follow a permit limit of less than 100 tons per year of HAP emission.

PURDUE Teimouri et al. 202CEnv Sci Procimpactshttps:// doi.org/10.1039/DOEM00190B
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Guideline for the Safe Use and
Handling of Styrene-Based Resins in
Cured-in-Place Pipe

CIPP companies and engineering consultants have °

NASSCOD

encouraged CIPP companies to discharge the untreated
hazardous air pollutant waste into the air by

An estimated to 33 tons of VOC is discharged into thepair project

A CIPP companieseem to be dischargingAP/EDC/CAR air pollutiahscales classified
under theClean Air Act

A Environmental Assessments under NEPA should consider this air pollution
New CIPPs release VOCs into thefi@r being placed into service
Styrenefree, VOdree CIPPs release pollution too
¢2 RIFIGSX!'{9t! KFa 0SSy NBfI i

PURDUE



Until 2020, the CIPP industry encouraged companies
02 RdzYLI OKSANI 61 a0S Ayd?z

August 2019 in Carlisle, PA

1 ofthe top10U.S. trout streams:
200+ fish kill caused by CIPP wa

Styrene found, temperature not

o Tap - ] ) . .
= =l Fish kills, drinking water high
L - contamination, wastewater
treatment plant upsets, NQOV issued to city; Criminal/la

UESICHURSESMOEIISIUREE  onforcement, and environmental
room temperature enforcement investigations opene
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Our 2022 Study: Change theresins =

. (A) ®) & Top surface of composite
175 O Inside of composite
to reduce pollution O oy O mdefmotc
150 - g turned off nterface between plate and composite
%) Q l ------- Manufacturer recommended temperature
= 125 A
) . < 8
Environmental and Human Health Risks of £ 100 1 . ®s . Manufacturer recommended
. . g 4 ] cure temperature (65.5°
Plastic Composites can be Reduced by A S !..,..b..;...‘.’ ......... e
.. . - 50 - ]
Optimizing Manufacturing Conditions 2555’ e,
Download FREE here: . ?
https:// doi.org/10.1016/j.jclepro.2022.131803 O 10 20 30 40 50 60 70 80 90 100 110 120
Elapsed Time (min)
150
Oven <& op surface of composite
H 0 H 0 i (B) turned OF (o} Tns?de of compositep
Styrene resin (39% VOC) vs. Nonstyrene resin (4% VOC) 125 ° o e e e and composie
S 100 4 = 8 = = Manufacturer recommended temperature
g L. o R ______
(Companies do not test before installation) g ] . i . e recoene
3 50 4 5 © ]
. . . . ]
By increasing the initiator loading we reduced styrene (-42%) o 5 "fengay .
and styrene oxide (-32%) residuals.
0 T T T T T T T T T T
_ _ _ o 0O 10 20 30 40 50 60 70 8 90 100 110
Only 2 compounds listed on MSDS, but 8 chemically identified Elapsed Time (min)

PURDUE Noh et al. 2022J. Cleaner Protittps:// doi.org/10.1039/DOEMO00190B
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RISKS OF INFRASTRUCTURE RENOVATION: BYSTANDER «“ NVFc
INJURIES DUE TO SEWER PIPE REPAIR EMISSIONS BT

1.

NA11AI.

The primary health concern is the chemical waste. Styrene has exceeded levels where
acute harm occurs for the general public (4.9 ppm), the IDLH concentration (7 0 0 p p m
and where NIOSH recommends T workeri respiratory protection (500 ppm).

. Chemicals other than styrene are emitted and can cause harm.

. SDSs do not list all resin chemicals, those being created and discharged into the air.

New chemicals are created that can cause acute health impacts.

Do not use odor to determine whether or not the exposure is safe for children, adults,
and pets.

. Popular 4-gas meters cannot detect the chemicals discharged at CIPP worksites.

. PID meters do not reliably quantify chemicals of concern at CIPP sites, 10 to

1,000 times off.

. Chemical waste enters buildings multiple ways. CIPP pressures can displace plumbing

trap water seals.

. Neighboring buildings may have starkly different contamination levels.


https://www.cdc.gov/niosh/npg/npgsyn-s.html
https://www.tandfonline.com/doi/full/10.1080/08958378.2019.1621966

RISKS OF INFRASTRUCTURE RENOVATION: BYSTANDER «» NVFc
INJURIES DUE TO SEWER PIPE REPAIR EMISSIONS RN TR

9. First responders should

A Halt the CIPP process to gain control of the incident. (Waste left containment)
A Remove exposure victims from the area and provide medical attention.

A Ventilate the building and conduct testing to determine contamination is fully
removed

A Prepare the incident report and include description of site observations and
discussions with contractors, general public, etc.

10. In building chemical levels &

€ mabg drastically lower than the initial exposure IF ventilation starts before
emergency responders arrive.

€ can i ncrease DUE to ventilati on.



CIPP can likely be used without endangering human
health if appropriate controls were implemented.

To reducerisks posed to emergency respondets
oeaul YRSNAX

1. Petition Public WorkandPipe Owners toequire
lesser polluting CIPP, capture the waatel/or use
of other pipe repair practices

2. Require the Public Health Departméie notified
before projectsbegin

3. Request dree NIOSH health hazard evaluation
worksites and buildings

4. Request NIOSH evaluate rapid air testing device
for CIPP incident response




Thank you. Questions?
Andrew Whelton, Ph.D.awhelton@purdue.edu

PURDUE CIPP Solutions Group Funded bv:

Home [ NSF 2129166
NSF RAPID 1624183
| USEPA XAOOE02898
e o e W Pt ey 1 FHWA TPF-5(339)

‘ NIEHS RO3ES0307/83
Emionmental Sobnce & Crowdfunding
Purdue University

Technology Letters, July 2017

used inthe US. B logy uses icals in the field and manufacturers ic pipe inside an existing damaged water pipe, chemicals can be emitted into the environment and
enter nearby buildings. CIPP is used for sanitary sewer, storm sewer, and drinking water pipe repairs

Questions? Contact us at

Learn more at ) Follow Us
www.CIPPSafeigrg www.PlumbingSafeterg @TheWheltonGroup



