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Miles and miles of repairs needed

40%+ need to be repaired or replaced

Public drinking water pipes 0.97 mi
Public sewer pipes 0.8 mi
Private drinking water pipes >6m
Private sewer lateral pipes 0.5m
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Stormwater culverts and
repairs in the U.S.

12 million+ linear feet of culvert in place
(FHWA 2005)

1 million+ existing culverts require
rehabilitation (FHWA 2010)

Mechanical failures can be catastrophic
(traffic disruption, public safety)




The Way things Used to Be...

Damaged Plpe? Dlg it up and Replac
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Traffic disruptions
Closed roads

Safety issues



Trenchless Technology
h ISRUPTIV

“Methods by which underground utilities may be
installed without damage to overlying pavement,
if proper precautions are observed”




Instead of replacing the damaged pipes, often trenchless
rehabilitation approaches are applied

Trenchless Technology Options Potential Challenges for Some Options
Slip lining » Water flow diversion
Spiral wound pipe

* Grouting necessary
Close fit pipe

Thermoformed pipe
Fold-and-form pipe
Spray-on coating (mortar vs. polymer) * Host pipe must be dry

Cured-in-place-pipe (CIPP) * Cost
50% of all water pipes

* Reduction in cross-sectional area
e Structural integrity not improved



Today, Transportation Agencies and Municipalities
are Choosing to Install Cured-in-Place-Pipes (CIPP)

Resin impregnated tube hardened inside a broken pipe
Curing methods: Hot water, Steam, UV light

Deliberate curing time: Hours to many days

Host pipe
Preliner

Crosslinked
resin tube




Uncured RESIN tube
delivered on a truck
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Uncured RESIN tube inserted Uncured RESIN tube inflated
into damaged pipe (raw chemicals) with air inside host pipe
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Sanitary Sewer

Storm Sewer

Ra et al. (2018) Critical Review: Surface Water & Stormwater Quality Impacts of Cured-In-Place-Pipe Repairs. J. Am. Water
Works Assoc. OPEN ACCESS. https://doi.org/10.1002/awwa.1042



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



Chemical Plume-Exhaust Emission

Exhaust Pipe

7l

Chemical
Plume

Steam In Chemical Plume-

Fugitive Emission

Ventilator
in Manhole

Upstream Downstream

Chemical Plumes Generated by CIPP can Escape the Pipe Being Repaired

Nearby
Buildings

'“”_f:fjjffz:f.f,'.

Chemical
Plumes in CIPP

Chemical plumes can
be discharged into
nearby areas

Lateral
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RESOURCES = ONLINE EDUCATION

https://engineering.purdue.edu/CIPPSafety/resources/cipp-plastics-ed

Online Plastics & CIPP Education

Basics of Plastics

Plastics. Websters Diclionary definilion: {noun) “Any af numanous organicsynthetic or processsed materials thal are mostly thermoplastic or
thermo=atting polymers of high mokecular weight and thal can be made inlo chjects, films, or filaments"

]

Whal plastics are used for sewer repair?

R

Whal ingredients are used for plastic polymerizasion [POE]

Addifives impact physical properties [Wideo mpd

Whal is polymerization? [PDE

How do thermoplastic vs. thermosel plasSos differ? [Video.mpd]

Crealed plastics are nol pure [P0F)

Plaslics can be damaged by chemical or physical forces dudng manufactune or use [FOF]

The CIPP Manufacturing Process

* The averall CIPP manufaciuring process [FOF]

Raw malenaks: some examples of resn, imators, filler, remforcements [POF] - Video of resn

T

The resin safety data sheets (S05) do not st all the chemicals present in the resin, created during CIPP manufacture, or in the waste [POF)

Insering the uncuned resin fube inlo the buried pipe [Video.mpd)

Inserting the ncuned resin tube inlo the buried pipe in Arcansas. Nofics the matedals being sprayed arownd the workers [Imags]

When sieam is insered thermal curing takes place and emissions ocour [Yidso. mpd]

Same chemicals ame cresled onsite, ane released into air and the environmant and remain inside new CIPPs [PDE

Waste is Created During CIPP Manufacture and It's Forms and Composition
are Varied

= WiEse. Websters Diclionany definilion: (noun) “an umsanted byproduct of @ manufaciuing process®

Unicured resin lube on the sidewalk, not exposed 1o steam bt chemical reactions and wasie is being emitted [Video.mpd)

Waste is discharged inlo the air sometimes in neighborhoods [FOF] - video of exhawst waste [Video.mpd

Waste is discharged inlo 1

air i Bacramenta, CA during thermal CIPP manufsciure and Purdee worker profects themsehes with a ful
face: pisos respirator [Videa. mp]

Waste is discharged inlo the environment in New York Gity, NY after U CIPP manufactune

Liquid and vapor wasie can be released through the exierdor of the CIPP during after manufacture [Video.mg

Afler active cuxing of the new GIPP, the ends are mechanically cut off. Pariculastes can be released into the emvironment [Wideo mpd]

Diwring CIPP culing, solids are discharged inta the air and environment [Videg mpd] — These CIPP culing solids hawe high amounis of
leachable chemicals [POF]

After lunch, you'll learn
about what makes plastics
plastics, and CIPP topics

Chemicals Can Enter Nearby Buildings and Public Spaces

= |f's common that CIPP coniraciors. blow ther wasie inbo the: snvimonment, and do not captone it [City of West Plains, Missoun Video] [City of

Wenleville, Missouri Videa]

There are mulliple pattways where CIPF wasie can enler buldings and public spaces [FDF)

Waste, also sometimes called chemical emissions, can rawvel above ground, far away fram the waste dscharge location due to
environmental conditions [Videg mpd]

Pouring warler inlo sink and toiket drains does not present the high presswure CIPP wasie from entenng buildings [FLDF]

* This videa shows how even low pressure can displace waler in plumbing taps and cause thal waler to "blowback”™ [Video.mpd]

Human Health and Environmental Impacts can Occur

* 4-gas melers are nol effective for manitordng CIPF waste discharge. Calibraled and handheld photoioniz:

on deleciors (P1Ds) [somelimes

called arganic vapar moeniloring] can indicale something is changing, but ai CIPP worksites the concentrations they repar for slyrene levels

can be off by a factor of 10x o 1000k than the actual styrene air conceniraSions [Video. mpd

-

CIPP chemical wasle exposure incidents: Worksites, schools, homes, office buildings, medical cenbers [FDF]

Li=d of the growing number of human health and emironmental mpact incidents assocaled with CIPP wasle [Link o L]

Typically reporied symploms assocaited with CIPP waste expasume incidents [FDF]

2019 NFDSH CIPP health hazard evaluation for one UV CIPP contrachor [report d

2017 CIPP warker falality and O3HA penally citation, Streamwood., lllinoes [repord down loed hens]
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HAZARDOUS . . . . . . . .
LA 5020 Considerations for emission monitoring and liner analysis of thermally Here Are Some
manufactured sewer cured-in-place-pipes (CIPP) CIPP Studies
https://doi.org/10.1016/j.jhazmat.2019.02.097 we Frequently
o Receive
ENVIRONMENTAL . . .
POLLUTION || Qutdoor manufacture of UV-Cured plastic linings for storm water Requests For
2019 culvert repair: Chemical emissions and residual™
; https://doi.org/10.1016/].envpol.2018.10.080
TOEOY In vitro toxicity assessment of emitted materials FHWA Report, 2019
2019 c.ol'lected during the manufacture of water pipe plastic / A
linings nimeaming oo
https://dot.org/10.1080/08958378.2019.1621966 Envitonment and Long-Term

Material Integrity

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

[This is a NIOSH publication, not Purdue. Contact Dr. Ryan LeBouf, igu6@cdc.gov.]

018 Critical Review: Surface \Water and Stormwater
JOULI1A Quality Impacts of Cured-In-Place Pipe Repairs

2019 [Mrosrs

https://doi.org/10.1002/awwa.1042 k " PURDUE /
IVIRONMENTAL Worksite Chemical Air Emissions and Worker Exposure during https://doi.orq/10.5703/12
2017 Esﬂmm o Sanitary Sewer and Stormwater Pipe Rehabilitation Using 88284317089
PLETTES Cured-in-Place-Pipe (CIPP)

https://doi.org/10.1021/acs.estlett. 7b00237
FREE Available at www.CIPPSafety.org MORE STUDY REPORTS COMING.....
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Sewer pipe repair technologies and the most popular
sewer repair technology, cured-in-place-pipe (CIPP): Raw
materials, the manufacture process, and defects

Let’s Discuss:
What questions do You Have?
What are your thoughts?

Is there anything you think we and others
would benefit from knowing?

PURDUE
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f Contaminant Release from Storm Water \
Culvert Rehabilitation Technologies:

Understanding Implications to the
Environment and Long-Term
Material Integrity

October 31, 2019

Andrew J. Whelton, Kyungyeon Ra,
Seyedeh Mahboobeh Teimouri Sendesi, Md Nuruddin, Xianzhen Li,
John A, Howarter, Jeffrey P. Youngblood, Chad T, Jafvert,
Nadezhda N. Zyaykina
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NEW: FREE “6 STATE LINING STUDY” REPORT

1. Go to the Purdue Libraries website and click on the “JTRP
Program Affiliated Reports:
https://docs.lib.purdue.edu/jtrpaffdocs/

2. Now click on the report title:

Contaminant Release from Storm Water Culvert Rehabilitation
Technologies: Understanding Implications to the Environment
and Long-Term Material Integrity,

REPORT OUTLINE
Executive Summary
Section 1. Project goal & objectives
Section 2. Spray-on lining: Incidents & agency construction spec survey
Section 3. CIPP lining: Incidents & agency construction spec survey
Section 4. CIPP lining: Water quality impacts in multiple states
Section 5. Laboratory aging tests for CIPP
Section 6. CIPP safety observations and recommendations
Section 7. Construction spec recommendations
7.1 Spray-on lining
7.2 CIPP lining


https://docs.lib.purdue.edu/jtrpaffdocs/
https://docs.lib.purdue.edu/jtrpaffdocs/30

HAZARDOUS
MATERIALS

2020

Considerations for emission monitoring and liner analysis of thermally
manufactured sewer cured-in-place-pipes (CIPP)

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

Cured-in-place-pipes (CIPP) are plastic liners chemically manufactured inside
existing damaged sewer pipes. They are gaining popularity in North
America, Africa, Asia, Europe, and Oceania. Volatile and semi-volatile
organic compound (VOC/SVOC) emissions from storm sewer CIPP
installations were investigated at a dedicated outdoor research site. Tedlar
bag, sorbent tube, and photoionization detector (PID) air sampling was
conducted for five steam-CIPP installations and was coupled with composite
characterizations. New CIPPs contained up to 2.21wt% volatile material and
only 6-31% chemical mass extracted per CIPP was identified. Each 6.1m
[20ft] liner contained an estimated 5-10kg [11-22lbs] of residual chemical.
Extracted chemicals included hazardous air pollutants and suspected and
known carcinogens that were not reported by others. These included
monomers, monomer oxidation products, antioxidants, initiator
degradation products, and a plasticizer. PID signals did not accurately
represent styrene air concentration differred sometimes by10s-to1000s-
fold. Multiple VOCs found in air samples likely affected PID responses.
Styrene (>86.4ppmv) and methylene chloride (>1.56ppmv) air
concentrations were likely greater onsite and phenol was also detected.
Additional studies are needed to examine pollutant emissions so process
monitoring can be improved, and environment impacts and associated
human exposures can be minimized.

Jcmrnal of Hazardoms Malsriak 371 {Z189] 540-342

‘Cnmneats lises available st Scienoeiineo

;‘.'L Journal of Hazardous Materials @'N
jourmal homepage: wevs sy comfocalsfhamnat 1
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Outdoor manufacture of UV-Cured plastic linings for storm water
culvert repair: Chemical emissions and residual™
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Environmental Pollation 245 (2019) 10313040
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ARTICLE INFO ABSTRACT

Anticie history: Storm water culverts are integral for S, public safety and wellare, and their mechanical Gilure can cause
Heerived 1 July 2018 roadways to collapse. To repair these buried assets, ultraviolet (UV) light cured-in-place-pipes (CIPF) are
being installed. Chemical emission and residual material left behind from the installation process was
investigated in New York and Virginia, USA. Samples of an uncured resin tube and field-cured styrene-

baseed teesin CIPPs weere collected and analyzed, Also collected were ait and water samples belore, during,
and al\rr mﬂallamn Chemicals were emitted into air because of the installation and curing processes.
into the air, water, and soil contained fiberglass, polymer, and contaminants, some of
«hndn are n-gu]aud by state-level water quality standards. The uncured resin tube contained more than

Recrived in revised form

0 September T

Accepled 16 October 201
Avadlable anline 30 Dciober 2018

Kyworeds:
Plastic lining

Rsin 70 chemical compounds, and 19 were confirmed with analytical standards. Compounds included known
Sewer pipe and smﬂed carcinogens. endocrine disrupting air and other
Styrene compounds with little aguatic touicity data available. l.empounds (14 of 19 confirmed ) were extracted
Cured in place pipe from the newly installed CIPPs, and 11 were found in water samples. Aqueous styrene (231 mg/L),
VO dibutyl phtalate (125 gg/L), and phenol (167 p/L) levels exceeded the most stringent state water
quality standards chosen in this study. Styrene was the only compound that was found 1 have exoeed 3
48 h aquatic toxicity threshold. Mewdy installed CIPPs contained a significant amount volatile material
(10 v > S.0wtE). Recommendations provided can reduce chemical emission, s well as improve

worksite and environmental protection practices. Recommended future research is also described.
& 2018 The Authors. Published by Elsevier Lid. This is an open acoess anticle under the OC BY-NC-ND
license (hitp:[/creativecommons. ong/Ticensesfby-nc-nd 4.00).
1. Introduction inside an existing damaged host pipe, which is often buried un-

derground. The in-sity process can require minimal excavation

Storm water culverts are integral for US. public safety and  thereby awoiding madway shutdowns. and the new pipe can
welfare, and their mechanical failure can couse roadways to sometimes be placed into service shortly after manufacture. CIPPs
collapse. Cured-in-place-pipe (CIPP) is being used lor storm waler are manufactured using either thermal curing (hot water or steam)
culvert repairs and involves the manufacture of a new plastic pipe or photo curing (UV light) methods (NASSCD, Inc. 2011; Stratview,
2017). Compared to thermal technologies, UV CIPP technology is
predicted 10 experience the most growth from 2017 10 2022
(Stratview, 2017). In 1997, W PP technology was invented in

* This has been recommes b for acceptance by Charles 3
. lmlm'dimg authar. o o Germany, and entered the LLS. in 2007 (Condit et al, 2010).
F-mail The UV process differs from thermal QPP systems. For example,
'l:l"“"":‘I’]‘"‘ " uncured resin tubes that undergo UV light exposure do not typi-
oe m"h.::d cally require cold temperature storage. Another difference is that

(CT. Jafwert), awh the UV uncured resin tubes are reporied io have a UV-resistant

https:fjdoiarg/ 10,1016
0269 Mslmmm The Authars. nbl hn.l hy Elsevier Lid. This is an apen acoess antice under the O BY-NC-ND Boense (bt tivernammons. org/licenesfby-oc-ad/4 )

Storm water culverts are integral for U.S. public safety and welfare, and their
mechanical failure can cause roadways to collapse. To repair these buried assets,
ultraviolet (UV) light cured-in-place-pipes (CIPP) are being installed. Chemical emission
and residual material left behind from the installation process was investigated in New
York and Virginia, USA. Samples of an uncured resin tube and field-cured styrene-
based resin CIPPs were collected and analyzed. Also collected were air and water
samples before, during, and after installations. Chemicals were emitted into air
because of the installation and curing processes. Particulates emitted into the air,
water, and soil contained fiberglass, polymer, and contaminants, some of which are
regulated by state-level water quality standards. The uncured resin tube contained
more than 70 chemical compounds, and 19 were confirmed with analytical standards.
Compounds included known and suspected carcinogens, endocrine disrupting
compounds, hazardous air pollutants, and other compounds with little aquatic toxicity
data available. Compounds (14 of 19 confirmed) were extracted from the newly
installed CIPPs, and 11 were found in water samples. Aqueous styrene (2.31 mg/L),
dibutyl phthalate (12.5 pg/L), and phenol (16.7 ug/L) levels exceeded the most
stringent state water quality standards chosen in this study. Styrene was the only
compound that was found to have exceed a 48 h aquatic toxicity threshold. Newly
installed CIPPs contained a significant amount volatile material (1.0 to > 9.0 wt%).
Recommendations provided can reduce chemical emission, as well as improve
worksite and environmental protection practices. Recommended future research is
also described.


https://doi.org/10.1016/j.envpol.2018.10.080

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

2019 | .7,
linings

https://doi.org/10.1080/08958378.2019.1621966

Objectives: To understand hazards associated with CIPP-related emission
exposures, an in vitro toxicity assessment was performed.

Materials and Methods: Mouse alveolar epithelial and alveolar macrophage cell lines
and condensates collected at 3 worksites utilizing styrene-based resins were utilized
for evaluations. All condensate samples were normalized based on the major
emission component, styrene. Further, a styrene-only exposure group was used as a
control to determine mixture related toxicity.

Results: Cytotoxicity differences were observed between worksite samples, with the
CIPP worksite 4 sample inducing the most cell death. A proteomic evaluation was
performed, which demonstrated styrene-, worksite-, and cell-specific alterations. This
examination of protein expression changes determined potential biomarkers of
exposure including transglutaminase 2, advillin, collagen type 1, perilipin-2, and
others. Pathway analysis of exposure-induced proteomic alterations identified MYC
and p53 to be regulators of cellular responses. Protein changes were also related to
pathways involved in cell damage, immune response, and cancer.

Conclusions: Together these findings demonstrate potential risks associated with the
CIPP procedure as well as variations between worksites regarding emissions and
toxicity. Our evaluation identified biological pathways that require a future evaluation
and also demonstrates that exposure assessment of CIPP worksites should examine
multiple chemical components beyond styrene, as many cellular responses were
styrene-independent.
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In vitro toxicity assessment of emitted materials collected during the

manufacture of water pipe plastic linings
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Introduction

Millions ol mils al U5 waber pipes, which provide sale
drinking water, drain excess water from roadways, and
remove sewape nequire repair due to ape related deterior
ation  (Agency USEP M0%  Academies MNECotM 20006
Engineers Aol 20013} To address this nesd, the |:|.|rnd im
place pipe (CIPP) liming peocedine is often appliod

manufachuring process can release dhemicals imbo the emvir
amment negatively impacting worker and public health
(Tabar et al. 2004; Bourbour Ajdari 3016 Tesmouri Sendesi
ef al 217 Healith CDol 2018 Ha e al 2008).

The CIM procediire invalves the on site e of maw
ahemicals & well a5 the peneration and release of contami
nanis hefore, daring, and after the plastic lining i manf

the old pipe does not have o be removed, therefore reduc
ing timee, disrmpiions, and czpense. This method nvobees
the on-site manufacture of a new polymer compaosite {plas
tic) liming within the damaped pipe. Use of the procedure i
wxpectied o cxpand globally, with the CIPP market exooed
ing 1% hillion by 2022, and accoumting for A0% of the US
pipe  rehabilitation  market [Sratview  Research  2007)
Howeever, a growing, body of evidence from federal and state
agencies s well w0 Universities indicates thar the CIFP

tmred ling in worker and  public health  concerms,
Briedly, ihe procedure comprises the insertion of a fexibb
raw chemical tesin mmpregrated  wbe nte the damaged
pipe, fllwed by the inflation of an wncured resin fube
against the damaged pipe wall. Then resin is polymerized
via curing to creale a new plastic liner. Following establish
ment of the new Bner, it can be sir conled and the ends are
cut off. Besing are often referved to as either styrene or nen
styrene based and popalar curing methods indude th

[water o sbeam) or ultravialet light processes. Carrently, the

COMTACT borathan Shareaban () jh
Wl D, Wenk Ly, 18 479007, LA
D) Sapplemestal data for hiz artice can be aorewed hare
0 5019 infizema K Lieniind, ivscling ax Taylor & Fesnch Grosp

el (29 St of Health Sciences, College of Haman asd Healih Scienos, Purdee Universiy, 559 Stafiun
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Cured i place pape (CIPF) rochmology s been weed o
rehahbilicate samitary sewer, storm seeer, and drinking
water pipes. However, wilites, regalators, and health
atficials have rased eovirsamental, scoupational, and
jublic healh comoems rgmrding chemical  emisioms
anta air amd water, To better wnderstand emsions
water, avalable lirerarore was revieweild. Water contam
inatinm has been doosmenied in 10 swaies and Canada
hecame of the release of unoored resing,  sodvenis,
manafactaring byproducs, and wastes during and after
comatraction.  Chlar, fish kall, and  droking waer

comtamination incdenrs have been repomad. The fow
ficld- and benchr-scale studies available show char a wari-
ety of volarile omganec compounds and semivolarile
argamic compoumide have bon rebeassd it water and
contamination was debrcted for several months, CIFP
waste was acubely om0 squatc e, Chemcal
release is likely influcnced by formalarion, installarion,
anil oowirnnmental comditions. CIFF installagon and
mspedtion reoemmendations were suppeaed. Srodics an:
mevded o deedlop cvidener-hased  constnaction and

i lEring esciices By minemise ek,

Kepwards curd a0 place jupee, leacking, plactis frpe, rebabilitation

Ciaralin-pler jupes (CIPPS) 2e m oy Dy
anstalled 1o repar sansary sewer, stonm wewer, amd
driniing water pipox [Stratview Roscarch bne. 2007,
The CIPF mstallation proooss was invenbed i the 1970
{Wosnd 1979, 1977} amd mvolves the chemical manudac-
mare of a new plastic pipe inside an existing damaged
pipe (Figare 1) This in sin prooss helps svaid open
mench excavanon, damaged pipe replicement, amd
roadway shurdowns [Pirah & Pang 2017, Morrison
et al 2013 Bocsus: many pipes scrosa the naed
Seares moed 10 be repaared, CIFP rechnolagy use s
cxpocivd o increase i ooming years  (Strabview
Rescarch Inc, 2007],

tilities, regulators, and heakh officials oty have
raised concerns reganding chemical emisson oocunming
during and ater CIPF mstallaion. In Joly 2007, the
Califormia Deparmments of Public Health (CIPH) bsoed
a safery sl (Fagure 2} oo the basis of deeir own

pation of resdeatal baildng, chemacal oontami-
matwem enmsed by a CIFP asitary sewer immaallanion
(CIDPFH 2007} Alss in Jaly, a CIFF air testing sy
deworibed 59 pablicly reparted, wnigoc air contamina-
giom incidents [Teimmari o al. 2007} Some incidenis
mvodved complaimts of adors, whereas ochers invalved
associamed  health  symproms, including  iscdenes i
which people were administersd medical asastame ar
schools, day care centers, offices, o residenos.
Addlivioml air comtamination modomts were reporsed a
clementary whoals andlor readennal hiskdings =
Calelrrmia,  hulona, Missnun,  Mow 'I'ltl,, anel
Pennsylvania (e la Batisde 2017, Kelly 2017, Kennedy
HN7, Lamidsira 2017, Saumders & Boone 20017, Staff
HHATYL In Seprember HHA7, the CDPH ssed o seoond
statement abost CIFP thar included  “Persons whao
derect an odor and experience health  sympeomm...
should conmac their medical provider and local healdh
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Critical Review: Surface Water and Stormwater
Quality Impacts of Cured-In-Place Pipe Repairs

https://doi.org/10.1002/awwa.1042

Cured-in-place pipe (CIPP) technology has been used to rehabilitate
sanitary sewer, storm sewer, and drinking water pipes. However, utilities,
regulators, and health officials have raised environmental, occupational,
and public health concerns regarding chemical emissions into air and
water. To better understand emissions into water, available literature was
reviewed. Water contamination has been documented in 10 states and
Canada because of the release of uncured resin, solvents, manufacturing
byproducts, and wastes during and after construction. Odor, fish kill, and
drinking water contamination incidents have been reported. The few field-
and bench-scale studies available show that a variety of volatile organic
compounds and semivolatile organic compounds have been released into
water and contamination was detected for several months. CIPP waste was
acutely toxic to aquatic organisms. Chemical release is likely influenced by
formulation, installation, and environmental conditions. CIPP installation
and inspection recommendations were suggested. Studies are needed to
develop evidence-based construction and monitoring practices to
minimize risks.
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Worksite Chemical Air Emissions and Worker Exposure during
Sanitary Sewer and Stormwater Pipe Rehabilitation Using
Cured-in-Place-Pipe (CIPP)
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6 Supparting Information

ABSTRACT: Chemical emissions were charsctermed for
sicans-cured  cured-i-place-pipe  (CIFP) Emstallstions in
Imalisna (sanitary sewer) and Calilornia (stommester]. (e

pipe = Califorsia inwolved 2 lowwlasike oganic cepeound I

-

+ —
{VOHZ) nom-styrene vesin, while all other CIPP sites wused . o Wy
styrene resine. In Indiana, the enoured resm contained styrene, :-nwm
benmaldehpde, butylated hydrocptobsene (BT, and o
dentified compounds. Materials emittal from the CIPP work-
siles wine o 4 and < d. As emitied ch 1 - I
phene i Tndkiana was 3 complis multipbose mizhurn of onganic \NPAS (ORI KR T e

wapar, waler vaporn, parbculabe (condensable wapor and

partially cured resm ), and liquid droplets (water and organics]),

Thie condessed materal contained syress, acelons, and unidentified compounds. In Califomis, both styrose and Jow WOC redn
eondensales contained styrene, berealdehyde, benweie achl, BHT, dibutyl phidalie, and 1 i I Fleeinel waa o ]
el in the shyvenet pesin condensate. A 5 & tert bt ok Y & tert Beestrelcdoh und tripeopglene phyesl
dinerytatr e leincted unly in she lae VO et Styrenn in the Lo VO comdensair o Berdy dac b aentamesation
of ontractor equipment. Some, but not all, condensaie compounds were detected i uncared resins, Two of four Califomia

styrene resm condensates were cytolomic 0 mowse alweolr type 11 opathelial oolls and macrophages. Real-time photosoniea-
tion detector monioring sheowed emissions varied sgnificantly and were a function of kecation, wisd direction, and worksae

activily.

1. INTRODUCTION
Camed-in-place-pipe (CIPF) is a popslar sanilary srwer, iorm-
waler, and drinking waler pipe repasir lechnology thal was
inwented in the 1970k A resin-imprognated felt mbe s
inserted] Emio o desaped pipe and & cured B place with ket
waler, steam, and/or witraviolet light." ™ In the United States,
siyrenebased  polyter amd vingd sler psin spElems ae
popular because they are less expensive tham their albernatives. ™
Mun-slyrene rrsin wtrms and an epuoay are abe paed '
[Pt non-styrene unsaturabed polyesier or vingd ester nesins, Gty
acidhasedl reactive momeeners are avaiable.? Becse con-
centrated chesbcals are used and CIPP s massctied i the
furdsly Tirceal air, prossmzsd sieaen, and cther ateities 0 s
chemicals into the workshe, searby pipes, and environmest
durimg site setap, insallation, and ceanup (Fgure 1)
CIPP installstion activities have caused ambiznt and indoor
air conlenination inddents, but the types and sagnitedes of

- AC5 Publications o 2T A tewd Sty

matirials emitted have seceived litle sending. Air coslssni
nation has been documented inside (49) and oatside (10] e
Uhnited States {see Table 51 for detads). Persons near CIFP
instalation st ko pepuetedl odom amil illness spmptams
{ie, nausea, headache, vomating, diflicully beeathing, epe and
nasal iritation, eic.). In some cases, bulldegs were cvacualed
and emergency services pesponded. Dunmg the past 16 yeans,
only four CIPP chesnisal air emision daddies hae heen
cosducied. A 2015 Les Angedes, CA study revealad styeene
exiled ihree sewer pipe manholes during steans curieg {250
W70 ppen,) and during cool down {56—767 ppm,)™ The
styrene 700 ppre, immedialely dangerous o lile el health
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