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Water Infrastructure Needs

USEPA: $200 billion for drinking water pipe repairs

USEPA: S600 billion for 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 failures can be catastrophic
(traffic disruption, public safety, SSS)
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Plastics are ....Polymers = many...Unit...compound

Long-chain molecules of very high molecular weight (n = tens of thousands)
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Cured-in-place-pipe
(CIPP) projects, practices,
and chemicals

Sanitary sewer, storm sewer, drinking Old broken
water pipes (4 inch to >8 feet diam.)

.

pipe & New plastic

Can be 60-80% less expensive than ! pl\‘pe»
other pipe repair options {

Pipes can be repaired in 1-3 hours
instead of days or weeks

Curing Popularity: Steam >> hot water > UV light
CIPP Resin Popularity: Unsaturated polyester > vinyl ester >> epoxy
Resin Type Popularity: Styrene >>>> Nonstyrene Resin Types
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Popup worksites that manufacture a plastic pipe (or liner)

Uncured RESIN tube inserted into Uncured RESIN tube inflated with air
damaged pipe (raw chemicals) inside host pipe (3 to 28 psi pressure)

> ’ﬁ@

VL

Uncured RESIN tube “Curing (Hardening) Method”
delivered on a truck Q Thermal (Hot water or steam) Or UV Light

then cooldown

Hard ends are cut off Pipe allowed into service

*
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Water flow




Cross-section of new UV cured
CIPP with fiberglass layers

6t Layer (inner): PE
laminated with PA

' Uncured PET

5t Layer: PET fiber cloth

felt resin tube

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

" before steam

3rd Layer: glass fiber filled
with vinyl ester resin

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

1st Layer (outer): PVC

Cross-section 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
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There are demonstrated human health risks
to workers -and- bystanders
(infants, children, adults).

Chemical exposure to the plastic manufacturing waste

is the primary risk.
Merriam-
Webster

Waste: (noun) "an unwanted byproduct of
a manufacturing process"
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Private Property Utility/City Property
(not for contractors) (Worksite only for contractors)
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Windows _ Pressure
wind used against the

@
g::i:;} §§§§§§§; uncured resin tube

HVAC
Intake
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Foundation
Crack
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Concentrations in and outside buildings differ by activity:
Setup vs. Curing vs. Cooldown vs. Mechanical cutting

Partially cured resin

n
Example: Steam cured ... vupors e pushes o
1 Styrene: 250 to 1,070 ppm, 3.6 to 76
CIPP waste discharge . se:2eonerormistore
Methylene chloride >1.5 ppm
Organic Vapors from Resin Truck Others: Acetone, Benzene, Benzaldehyde,
Styrene+ vapor 1,820 ppm MEK, Chloroform, Ethylbenzene, Toluene,

(NIOSH Limit: IDLH 700 ppm worker) TMBs, Xylenes and more
(CDPH Limit: 4.9 ppm public)

Exhaust

3 to >20+ psi e |
e Emissions
artificial & A Multiphase Mixture is
pressure Steam hose Qb‘ Discharged

& Styrene: 1,800 to 4,300 ppm

Phenol, DBP, TPGDA,
Tetradecanol, Benzaldehyde

/[ N Benzoic acid, Acetophenone
Q FORE

S| =

Sewer lateral
to building

from boiler

applied

Fugitive
Emissions




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




Visit and read about
the incidents we found:
www.CIPPSafety.org

Website C

o

Resources C
CIPP Incident List

llinesses, hospitalizations, explosion

Schools, daycare centers, hospitals,
homes, restaurants, municipal
buildings, office buildings, and more..

Human and Environmental Incident List PURDUE

UNIVERSITY

--THIS LIST IS BEING UPDATED AS OF FEBRUARY 2022--

List of CIPP associated air contamination incidents reported by MNoh et al. (2022), Sendesi et al. (2020), Ra et al. (2019), Teimouri et al. (2017), and
others to date. Web links provided wheare available.

Information presented in the table is verbatim or summarized from the references; Table Motes: nr = not reported in the reference; PERSONAL
COMMUNICATION indicates the source contacted co-author Dr. Whelton individually; FOIA indicates records were obtained from an organization
by a Freedom of Information Act (FOIA) records request. Information obtained from that request, where applicable, was described. Acronyms: DEP
= department of environmental protection; DOL = department of labor; DOT = department of transportation; EMS = emergency medical service;
HAZMAT = hazardous materials; HVAC = heating ventilation and air conditioning; MH = manhele; MSDS = material safety data sheet, MWRA =
Massachusetts Water Resources Authority; PID = photoionization detector; PPE = personal protective equipment; SCBA = self-contained breathing
apparatus; USFS = United States Forest Service.

Styrene

YearlLocation
Level

Special Notes

MEDIA REPORT: Tenants of a housing cooperative in Montreal were seriously inconveniencead by toxic fumes
following rehabilitation work on a sewer line. The odors that normally disappear after a few hours after such
work have infiltrated the building and remained there for months. Result: evacuated tenants and a condemned
apartment. However, neither the City of Montreal nor the company in charge of the work, wants to take
responsibility for the damages they suffer and the expenses that accumulate.

ag2qMontreal (Canada) |,

MEDIA REPORT: An odor in Towson that closed a road Thursday morning (10/14) was determinad to have
besn caused by epoxy. It was nontoxic, according to Baltimore County Emergency Management officials.
Initially, firefighters said the odor in the 1000 block of Cowpens Avenue was believed to be natural gas. A
hazardous materials crew was called, officials said. "The road is blocked,” the Providence Volunteer Fire
Company reported before 10:30 a.m. By noon, the fire company reported that investigators determined an
epoxy used in a sewer line repair caused the odor in some homes in the area. Nobody was injured, and no
schools were affected, according to the Providence Volunteer Fire Company, which used fans to ventilate the
impacted residencas.

2021Towson, MD nr

MEDIA REPORT: Spooner Middle School will remain clesed and remote learning will begin next week after a
strong epoxy-like odor prompted an evacuation Wednesday (11/10) and caused 60 staff and students fo sesk
medical treatment. Spooner Area School District Superintendent told WPR a student first reported what they
believed to be a gas leak around 8:40 a.m. Wednesday. Staff members investigated the source of the smell,
which was near the gym and a classroom wing. Mot long after, students and staff began reporting that they
weren't feeling well, and the principal ordered an evacuation to a nearby church a half hour later. The district
closed the school for the remainder of the day, and students ware sent home. The district reported 36 studants
and 24 staff members have sought medical care since Wednesday, reporting symptoms of nausea and
lightheadedness. At least two students were transported to medical facilities outside the area. Officials have yet
to identify the cause behind what made people sick. "There's been extensive ongoing carbon monoxide testing,

which has all fallen within normal levels,” the Superintendent said late Thursday (11/11). "We're working with



http://www.cippsafety.org/

When incidents have occurred a number of
persons have reached out to us for help

Bystanders OSHA 21 year old CIPP worker

CIPP laborers/workers fatality investigators
CIPP company owners Building owners/tenants
Firefighters Business owners

Police Industrial hygiene consultants

Emergency room doctors/nurses
Public works/Utility staff
Public health department investigators

Law enforcement/criminal
Investigators

PURDUE AWWA ACE San Antonio, TX June 2022



The risk of chemical exposure Worksite Differences

- e Styrene vs. Nonstyrene resins
can be minimized, but facts OV, NN OE e e o sl

must be acknowledged Thermal (steam, hot water), UV curing

1.  All CIPP processes have emissions. Magnitudes and chemistry are different.

2. Material SDSs do not disclose all chemicals emitted into the air or are generated during
manufacture. Peoo\ole wrongly assume that if chemicals are not listed on SDS, they are not
present or created.

3. The CIPP process —creates— new chemicals during manufacture.
4. Unlike other industries, plastic manufacturing waste is not captured, but openly discharged.

5. 4-gas meters (H,S, O,, CO and LEL) and PIDs are not reliable to understand the health risk of
exposure due to hazardous atmosphere complexity, sometimes 10x to 1000x off.

6. Contractors have cross-contaminated both styrene/nonstyrene resins and equipment.
7. Contractors can and have overpressured plumbing trap water seals and toilet seals.

8. Hazardous air pollutant (HAP) emission is regulated under the Clean Air Act. Many chemicals
are HAPs (including Nonstyrene resins). Some government agencies are looking at issuing Air
Permits for any CIPP job.

PURDUE AWWA ACE San Antonio, TX June 2022



Guideline for the Safe Use and
Handling of Styrene-Based Resins in
Cured-in-Place Pipe

CIPP companies and engineering consultants openly °

NASSCOD

encourage CIPP companies to discharge the chemical
waste into the air for the steam curing process by
“...maximizing the flow of air through the curing CIPP...”

An estimated 6 to 33 tons of VOC is discharged into the air per project

* CIPP companies seem to be discharging HAP/EDC/CAR air pollution at scales
classified under the Clean Air Act

New CIPPs release VOCs into the air after being placed into service
Styrene-free, VOC-free, Non-styrene CIPPs release pollution too

PURDUE Teimouri et al. 2020. Env. Sci: Proc. Impacts https://doi.orq/10.1039/DOEM00190B
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Our 2022 Study: Change or upgrade the =

A o & Top surface of composite
resins to reduce pollution / exposure =~ e T
c | g Manufacturer recommended temperature
- . : “5125 o . l
Environmental and Human Health Risks of Plastic g0 . °s . Manufacturer recommended
Composites can be Reduced by Optimizing E 7 T P e ?..!..,..;.‘{i‘?.f.‘fT‘.’.‘*f‘f_‘ff‘?ff?f’f?_’ .....
Manufacturing Conditions o he® "traa,
Download FREE here: . ?

https://doi.org/10.1016/j.jclepro.2022.131803
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1. Learn about CIPP and plastics

Visit the Purdue University |reoue Online Plastics & CIPP Education
website: Fresentatons Meeting Files for March 16, 2020

ntation] Welcome, introductions, overview of the meeting

Reports . [Pre

» [Presentation] Vapor intrusion alternative pathways

Videos . . . . ) .
» [Presentation] Sewer pipe repair technologies and the most popular sewer repair technology, CIPP: Raw materials, the manufacture

process, and defects

Online Education
] Ba S I CS Of p I a St I CS » [Online Demos] Plastics education and sewer technology demonstrations: Plastic ingredients, manufacture wastes, building contamination,

CIPP Incident List health effects

. Th e C I P P p ro Ce SS & QOverview File - The Basics of Plastics

External Resources o Overview File - The CIPP Manufacturing Process
o Overview File - Waste Created from CIPP

.
3 . W h at I S t h at Wa Ste ? Frequently Asked Questions - DOT o Overview File - Chemicals can Enter Nearby Buildings and Public Spaces

Lining Stud?, 1 (Surface and Storm @ Owverview File - Human and Environmental Impacts
Water Quality)

L] L]
. C h e l I I I Ca | S e nte rl n g » [Presentation] CIPP chemical emissions, environmental significance, occupational and public exposure hazards, plumbing traps, air testing

Frequently Asked Questions - DOT » [Presentation] Consideration of weather conditions, building characteristics, VOC indoor air concentration fluctuations at vapor intrusion sites
Lining Study 2 (UV CIPP Water

nearby Spaces Quality) Online Educational Materials
5. Human health and ety ks Questors NoF Basios of Pastios

Safety, and Chemical Air Emissions) » Plastics. Websters Dictionary definition: (moun) "Any of numerous organicsynthetic or processed materials that are mostly thermaoplastic or
e nvi ro n m e nta I i m a CtS thermosetting polymers of high molecular weight and that can be made into objects, films, or filaments"
p Frequently Asked Questions - NSF What plastics are used for sewer repair? [POF]

Rapid CIPP Study 2 (Worker, Public
Safety, and Chemical Air Emissions)

-

What ingredients are used for plastic polymerization [PDF]

Additives impact physical properties [Video.mp4]

What is polymerization? [PDF]

How do thermoplastic vs. thermoset plastics differ? [Video.mp4]

Website C
)4 Created plastics are not pure [PDFE]
Re S O u rC e S C . Plasl:cs ::Jan :}e clamag;dph)r chemical or physical forces during manufacture or use [PDF]
Online Education e PP A ea Frocess
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2. Review the posted governmen

ATSDR, CDPHE, FLDOH, OSHA, and supported by FHWA.

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

2019]

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

Humr

' [2021]

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

US. Depar
Centers for}
National In|

HHE Report No. 2019-0080-3379
July 2021

Centarsfor Disease Gontrol
d Pravention

National Ins

Safety and Health

ccupational

[2005]
Health Consultation

ATSDR

AGENCY FOR TOXIC SUBSTANCES|
AND DISEASE REGISTRY

SEPTEMBER 13, 2005

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

[2019]

U.S. Department of Transportation
Federal Highway
@ Adminisiration

[2018]
Safety Alert

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

Background

The use of CIPP for sewer line and cuivert
rehabilitation Is widespread throughout the
country and abroad. Styrene-based resins are
the most widely used

There is a possibility for chemical releases

4.0
alifornia Department of

i PublcheaIth

t reports about CIPP: NIOSH,

with CIPP processes. In addition to styrene,
recent studies have shown numerous volatile
chemicals being released during CIPP
installations that have previously been unreported.

Migration of vapors from volatile chemicals can impact indoor air, rel
occupants.

There have been over 130 CIPP exposure Incidents reported in 30 st
Agm,en involving 3 large dlameter CIPP sewer line Instaliation resul

- [2020]

sllabwrFan.my\rﬁ;‘

CURED-IN-PLACE PIPE [CIPP]

2. which exceeded accept posure levels. g
health symptoms. Styrene was measured for up to three months fol
Styrene Is not the only chemical emitted, but It may serve as a si
intrusion impacts.

Styrene health effects

 Central nervous system depressant.

+ Mucous membrane irritant (upper respiratory tract, eyes, nose an|

# Nervous system effects include headache, fatigue, changes in cold
balance problems.

+ Potential to cause cancer.

Concerns during CIPP installation

+ Styrene and other toxic vapors can migrate during cure-in-placy
buildings through windows, doors, cracks in foundations, lats
connections, and , resulting In

# Vapor migration is highly variable due to subsurface cond
characteristics.

Cured-in-place-pipe (CIPP} installation is a relatively new sewer Ine and culvert

rehabitation. Recantly, concems were raised wwmmm\\mdmﬂmm releases
during

This factsheet will help you to leam more about the CIPP process — what it is, how it may harm your
heaith and how to protect yourseif and your family from possibie heaith efiacts

General Facts
CIPP Reguiation and Advisories
Blomoniioring and Blocd Testing

General Facts

‘What is CIPP?
Cured-in-place-pipes (CIPP) are jointiess, seamless, fiexible plastic pipe iners chemically installed within
an existing sewer, waler, gas or other pipe.

CIPP i used during the repair process of defective sewer lines, culvert and drinking water pipes. The
process involves the insertion of an uncured tube of resin into the existing, defective pipe. Hol air andlor
waler or ullraviolet light are used. expanding and hardening {curing) the tube creating a liner o it against
the wall of the “broken” pipe

The purpase of the curing process is to reduce, and ideally eliminale, oracks and holes that would
cthenwise allow raimwater and roofs o enter the sewer pips and cause operational problems such as
stoppages and overfiows. The new liner can also help prevent mechanical Eailure

Why is CIPP used?
CIPP is used to repair pipes without disturbance to surface structures or other uilities near broken pipes.
It s advertised by some contractors to be & more efficient and cheaper process to repair pipes. Some,
new CIPPs are designad to have an estimated 50-year lfespan.

What does CIPP consist of?
Anew CIPP is created using @ number of materials: & resin, a chemical intiator package, @ reinforcament
material and ofher additives. The most popular resins today include:

4 Styrene-based polyester

% Styrene-based vinyl ester

% Wiyl ester (styrene free)

% Epoxy (styrene free)

Why is the CIPP process a concem?
Chemicais are released into the air during & CIPP project setup, whils the CIPP is made and after the
plastic liner has been created. The tube of uncured resin as wel & its delivery and handing can rekease

chemicals inta the ar. In addition, forced ar, steam and hot water use also relsases chemicas into the
air and can potentially transfer the chemicals from the process inio @ worksite, nearby pipes, nearby
residences pen windows, doors, Gausing

1l
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3. Read the scientific reports. These and more...

Worksite Chemical Air Emissions and WCc
Environmental and human health risks oflNR0IENHL (203" Exposure during Sanitary Sewer and

_ _ Somceaking| FTTERS _ Y
&, 022 plastic composites can be reduced by ) Stormwatd®?ipe Rehabilitation USiHgP
optimizing manufacturing conditions

INGAVNIG)N

) 00 In vitrdoxicity assessment of emitted

Emergency responder and public health materials collected

\1022\ considerations for plastic sewer lining chemica
waste exposures in indoor environments .- - =

ENVIRONMENTAL
POLLUTION

HAZARDOUS

Sl

Yy ¥
i ! A
'y' i

Outdoor manufacture eCUkéd
(2029} plastic linings for storm water culvert

An emerging mobile air pollution source: ‘ repair: Chemical emissions and residual

L Souasoeery 12029} outdoor plastic liner manufacturing sites
discharge VOCs into urban and rural areas

Influence of aggressive environmental ag

S Considerations for emission monitoring and™™ o2} mechanical and themmexhanical propertie
e ... 209 liner analysis of thermally manufactured sewer of Ultra Violet (UV) Cured in Place Pipe i
4 I o . Stk o Evaluatipn of the physical, chem_ical,
Journalawwa (5019} filical Review. suriace vvater and > 1207 mechanical, and thermal properties of ste
W Stormwateuality Impacts@iPP Repairs o cured PET/polyester cimgiace pipe

National Institute of
Environmental Health Sciences

Funded by:

g&ﬁ;g# Jf,’;f’}';f«f, fognd Health ‘ U.S. Department of .Transponoﬁon
’o ® ' Federal Highway
@ Administration




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

To reduce risks posed...

1. CIPP companies should be required to minimize and prevent chemical
discharge to protect workers and bystanders.

2. Utilities/Municipalities should select practices with lower risk or require
CIPP waste minimization and/or capture.

3. Require the Public Health Department be notified before projects begin
and act as THE lead agent for any suspected odors or illness investigations.

4. Learn more and request a free NIOSH health hazard evaluation for
worksites and buildings (Staff safety)

5. SRF applications require environmental impact disclosure. CIPP waste has
known environmental impact.

Not all CIPP processes and companies are equal. Some pose less of a human
health and environmental risk than others. Often, workers are not thoroughly
informed about the chemical risks.




www.CIPPSafety.orq
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