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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 betrer understand emissions into
water, available literature was reviewed. Water contam-
ination has been documented in 10 states and Canada
because of the release of uncured resin, solvents,
manufacturing byproducts, and wastes during and afrer

construction. Qdor, fish kill, and drinking water

contamination incidents have been reported. The few
field- and bench-scale studies available show that a vari-
ety 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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Cured-in-place pipes {CIPPs) are increasingly being
installed to repair sanitary sewer, storm sewer, and
drinking water pipes (Stratview Research Ine, 2017),
The CIPP installation process was invented in the 1970s
{Wood 1979, 1977) and involves the chemical manufac-
ture of a new plastic pipe inside an existing damaged
pipe (Figure 1). This in situ process helps avoid open-
trench excavation, damaged pipe replacement, and
roadway shutdowns (Piratla & Pang 2017, Morrison
et al. 2013). Because many pipes across the United
States need to be repaired, CIPP technology use is
expected to increase in coming years (Stratview
Research Inc. 2017).

Utilities, regulators, and health officials recently have
raised concerns regarding chemical emission occurring
during and after CIPP installation. In July 2017, the
California Department of Public Health (CDPH) issued
a safety alert {Figure 2) on the basis of their own

investigation of residential building chemical contami-
nation caused by a CIPP sanitary sewer installation
(CDPH 2017a). Also in July, a CIPP air testing study
described 59 publicly reported, unique air contamina-
tion incidents {Teimouri et al, 2017). Some incidents
involved complaints of odors, whereas others involved
associated health symptoms, including incidents in
which people were administered medical assistance at
schools, day care centers, offices, or residences.
Additional air contamination incidents were reportad at
elementary schools and/or residential buildings in
California, Indiana, Missouri, New York, and
Pennsylvania {De la Batisde 2017, Kelly 2017, Kennedy
2017, Landstra 2017, Saunders & Boone 2017, Staff
2017). In September 2017, the CDPH issued a second
statement about CIPP that included “Persons who
detect an odor and experience health symptoms...
should contact their medical provider and local health
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FIGURE 1 Generic schematic showing possible chemical emissions into the air while cured-in-place pipes are
being installed for sanitary sewer pipe (A) and storm sewer pipe (B)

The type and magnitude of emissions may depend on the materials used, installation practices, environmental, and site conditions.

department; utilities, engineering firms, and contractors
should not tell residents the exposures are safe. There is
no credible testing data for all CIPP installation scenar-
ios” (CDPH 2017b). In October, a worksite fatality
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during an Illinois sanitary sewer CIPP installation trig-
gered a federal investigation (Peterson 2017). A study
by Teimouri et al. (2017) revealed a lack of independent
third-party, peer-reviewed data about chemical




FIGURE 2 Public statements issued by the California Department of Public Health: July 2017 (A) and September 2017 (B)
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The CDPH Cure-In-Place Pipe (CIPP) Safety Alert, issued —] (

in luly 2017, is not a comprehensive engineering guide [®.0n

for controlling chemical releases; rather, its purpose is ) E
to raise awareness and provide some steps that should , \ \
be considered by municipalities permitting CIPP \
projects in their jurisdiction.

Concerns

Studies of chemical releases during the installation and curing of CIPP are limited and protocols far
cantrolling exposures have not been developed. Safety Data Sheets (SDS) do not describe all of the
compounds present in the raw materials or emitted into the air during CIPP installation.

A July 2017 study ¢ [[pubs.acs.org 0.1021/acs.estlett. 7b00237)
shows steam released during the installation process is made up of a complex mixture of volatile (VOC) and

semi-valatile arganic compounds (SVOC), including styrene, acetane, phenal, phthalates and others.

ed by Purdue University (htt

CIPP installations can emit multiple chemicals into the air, some of which may be toxic. There is no credible
testing data for all CIPP installation scenarios. The odor produced by a CIPP installation may be caused by
one or more compounds in the air.

The public, workers invelved in CIPP installations, and first responders can be exposed to toxic vapors. The

following provides additional considerations far municipalities that utilize CIPP technaology in their
jurisdiction.

Considerations

Health Installation

Persons who detect an odor and experience Utilities, engineering firms, and CIPP contractors

health symptoms near CIPP installation sites should not tell residents the exposures are safe.

should cantact their medical provider and local

health department. The pressure from the CIPP process can blow
water out of toilets or drains allowing vapors to

Air monitaring enter. Filling up plumbing traps with water does

not guarantee vapors will not enter through
other building entry points such as cracks in
foundations, doors, windows, and air intakes.

Four-gas meters, commonly used by the first
responders, do not detect styrene ar other
chemicals emitted during the CIPP process.
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addidion to Teimouri
et al. (2017), only four other studies have described air
monitoring {Ajdari 2016, ATSDR 2005, Bauer &
McCartney 2004, AirZone Inc. 2001). More work is
needed to understand the type and magnitude of emis-
sions as well as the short- and long-term health impacts
of exposure.

Chemical release into water is also a concern. Six

emissions into the air. In

years ago, a review of 14 state transportation agencies
by the California Deparement of Transportation
{CALTRANS) was conducted. The study indicated four
states {New York, Oregon, Virginia, and Washington)
reported water quality issues, and styrene release into
waterways was the most reported problem (CTC &
Associates LLC 2012). CIPP installations can also gen-
erate wastes, and these materials have been associated
with wastewater treatment plant {(WWTP} upsets {Sallo
2012, Henry 2007). At one point, some New York
WWTPs banned che discharge of CIPP wastewater to
the sanitary sewer {Silcuna 2010). Two organizations
concluded that CIPP wastewater could be discharged to
the sanitary sewer if its styrene concentration was less
than 2 (Loendorf & Waters 2009) and 0.4 mg/L
{MENP 2004}, respectively. Styrene is a common chemi-
cal used in the manufacture of some CIPPs, is “reason-
ably anticipated to be a human carcinogen” (USNTP
2011}, and is toxic to aquatic organisms at more than
0.072 mg/L (USEPA 2006). However, styrene is not the
only chemical that can be released from CIPP installa-
tions. The type and magnitude of chemicals released is
likely formulation dependent and influenced by installa-
tion and environmental conditions. While styrene-based
resins are popular, nonstyrene resins also are available
(Doherty et al. 2017). Conceens about chemical emis-
sion from storm sewer pipe repairs have previously
prompted temporary CIPP technology bans in Virginia
(Griffin 2008), California (CTC & Associates LLC
2012), and Canada (McLuckie 2011),

To understand the potential for chemical emission
during and after a CIPP installation, knowledge of the
installation process is needed. For CIPP installations,
raw chemicals and materials are transported ro the
waorlesite. Vinyl ester and polyester resins often are used
for gravity sewer CIPPs, whereas epoxy is used [or force
mains because of the added strength it provides
(NASSCO Inc. 2011). Drinking water CIPPs have his-
torically used epoxy resins, and manufacturers have
submitted epoxy products for Standard 61 testing
{(Matthews et al. 2012a, 2012b). The uncered resin
tubes generally are constructed of felt and/or reinforcing
fiber. Sometimes these fabrics have coatings
{t.e., polypropylene, polyethylene, polyvinylchloride).
Thermally cured materials are also often transported in
refrigerated trucks, but ultraviolet (UV)-cored materials
do not have this same transportation requirement. Once
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onsite, the uncured resin tube is set in place by applying
pressurized air inside the resin tube so that it expands
and contacts the inner pipe walls. For some installa-
tions, the resin is manually inserted into the resin tube
on site. A CIPP is created after the tube ts hardened by
either thermal (hot water or steam) or UV light-curing
methods (Doherty et al. 2017). Curing facilitates resin
polymerization and chemical cross-linking. Curing time
is dependent on the length of the pipe, the liner chick-
ness, the resin composition, and a variety of other fac-
tors. A plastic “preliner™ can be inserted into the pipe
before the uncured resin tube is inserted. This preliner
reportedly reduces the amount of resin that exits the
tube and reduces the amount of water that enters the
tube before beginning the facilitated curing process
{Najafi 2010). After the contractor stops the facilitated
curing process, the liner is often cooled by forcing hot
air or ambient air through the tube, and the liner ends
are removed. While che liner is now “solid,” the total
CIPP “cure time” reportedly can take six months
(ATSDR 2005), Base resins can contain different mono-
mers (1.e., styrene or bisphenol A diglycidyl ether), stabi-
lizers (i.e., hydroquinone, Interplastic Corporation
2016), and fillers (i.c., talc, AOC 2013; crystalline silica,
AOC 2013, silica colloidal amorphous, Ashland 2011;
sodium merasilicate, Interflow Pry. Led. 2008). Because
initiators present in the resin chemically react during the
creation of a new CIPP, new volatile organic com-
pounds {VOCs} and semivolatile organic compounds
{(SVOCs) can be created during the curing process
(Table 1; Teimouri et al. 2017, Tabor et al. 2014),
Phthalates are also associated with some initiators
{Table 1; ICTRD 2007), Wastewater, condensate, and
rinse water can be generated during certain installation
processes.

At present, limited chemical emissions data are pub-
licly available for drinking water and sanitary sewer
CIPP installations. Therefore, only bench- and field-
scale chemical emissions data collected during and
after storm sewer pipe CIPP installation were reviewed
in this study. These data should be useful for outlining
future research on storm sewer CIPP installations.
Results should also be useful in outlining future
research and anticipated issaes with respect to sanitary
sewer and drinking water CIPP installations. The
study objectives were to (1) compile and review CIPP-
related surface water contamination incidents from
publicly reported data; (2) analyze CIPP water quality
impacts; (3) evaluate current construction practices
for CIPP installations as reported by US state rrans-
portation agencies; and (4) review current standards,
textbooks, and guideline documents. Surface water
contamination incidents were defined as those that
involved pollutant discharge outside a sancrioned
CIPP field study.




Benzoic acid
4-tert-Butylcyclohexanone
4-tert-Butylcyclohexanaol
Carbon dioxide
Diphenyl“‘“)
Phenylbenzoate
Tetradecanol

Acetophenone"”
BenzeneCAR EDC, HAP
Benzoic acid
tert-Amy]l alcohol
tert-Butanol
3-tert-Butoxyheptane
2-tert-Butyloxy-2,4,4-
trimethylpentane
Carbon dioxide

3-(1,1,Dimethylpropoxy) heptane

Ethane
2-Ethylhexanoic acid
Heptane

Methane
2-Phenylisopropanol

3,3,5-Trimethylcyclohexanone

Carbon dioxide
Formic acid
Propanoic acid
Methyl eth{l
ketone®At HAP

Carbon oxides
Nitric oxides''"

TABLE 1  List of degradation products reported for some initiators used for CIPP installations
Perkadox™* Trigonox™ Butanox™? N,N-Dimethylaniline Norox"™®
Benzene! P CAREDC Acetone Acetic acid Anilinet'? No degradation

products listed

Environmental Protection Agency

*AkzoNobel, Chicago, 11l
"United Initiators, Inc., Elyria, Ohio

CAR—suspected or confirmed carcinogen, CIPP—cured-in-place pipe, EDC—endocrine disrupting compound, HAP—hazardous air pollutant as defined by US

Information provided is based on a review of initiator safety data sheets found for CIPP installations; CIPPs manufactured in ambient conditions have reportedly
used benzoyl peroxide initiator systems (ICTRD 2006), but decomposition products for these systems were not found in the literature search; Norox® initiators
were also listed, but no decomposition products were reported (United Initiators Inc. 2017a, 2017D). Initiator information was obtained from Puritan Products Inc.
(2016), United Initiators Inc. (2015, 2017a, 2017h), and Akzo Nobel (2016a, 2016b, 2015a, 2015b, 2015¢, 2015d, 2015e, 2015f, 2008a, 2008b, 2008¢, 2008d,
2008¢). According to safety data sheets, some Perkadox™ products also contained dipropylene glycol dibenzoate, water, and dicyclohexyl phthalate, and some
‘Trigonox® products contained BBP, DBP, and dioctyl phthalale (AQC 2007). Parent initiator compounds were nol included in this table. This table may not
account for all initiators used, the complete composition of initiator products, or initiator degradation products. Some compounds were found because they were
reported in Das (2016), Allouche et al. (2014, 2012), and other references cited in this article.

METHODS

A literature review was conducted to identify available
bench- and field-scale research studies pertaining to
CIPP-associated chemical emissions. Scientific databases,

foundation research reports, conference proceedings,
trade association literature, AWWA and ASTM stan-
dards, trenchless technology textbooks, and state trans-
portation agency research reports were reviewed. One

CIPP—cured-in-place pipe

Water

FIGURE 3 Publicly reported CIPP storm sewer and sanitary sewer water and air cantamination incidents found in
the United States

contamination
incidents

Air contamination
incidents
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author completed a 1.5-day CIPP construction inspector
teaining course in 2017, Thirty-five state transportation
agencies were contacted as part of this study and were
not randomly selected (Figure 3). Agencies were identi-
fied from their prior support, participation in, or conduct
of CIPP water quality impact studies. Agencies were also
selected on the basis of their prior publication of reparts
that evaluated the feasibility of CIPP use for cubvert
repair. Other agencies were contacted in which CIPP-
related contamination incidents occurred. Each agency
was asked for a copy of its current CIPP construction
specifications, and any documented special provisions for
pipe rehabiliration. In addition, literature and media
reports were reviewed to identify previous surface water
contamination  incidents  associated  wich  CIPP
installacions.

RESULTS AND DISCUSSION

Water contamination incidents: Literature and media
reports. Thirtcen water contamination incidents were
found and they occurred in 10 states (Alabama,
California, Celorado, Connecticut, Florida, Georgia,
Minnesota, Oregon, Vermont, Washington), an unre-
ported location, and Canada {two incidents; Figure 3;
Shearer 2016; Barker 2013; Renda 2013; VIDEC
2013; CDOT 2012; CTC & Associates LLC 2012;
Marohn 2011a, 2011b, 2011c; MTO 2011; Weldon &
Morton 2011; ADEM 2010; NRC 2010; WSDOE
2010; Donaldson 2009; O'Reilly 2008; Gerrits 2007;
LMES 2007; GESI 2004). Eleven incidents were first
identified by the derection of an odor or fish kill, Two
incidents were first identified by people complaining
about their drinking water, which had been contami-
nated by nearby CIPP stormwater pipe repair activities.
In particular, chemicals were released from the CIPP
stormwater pipe construction site, traveled downstream
through a nearby drinking water system, and the con-
taminated water was provided to the affected popula-
tion, A limited amount of information about each
incident was reported. Often only the presence of sty-
rene was reported when chemicals were mentioned, but
a review of water testing records revealed additional
CIPP-associated chemicals were sometimes present.

A commonality across most incidents was that they
were caused by contractor material or waste handling
(i.e., release into the environment of CIPP wastewater,
uncured resin, condensate, or other materials). For
example, in Georgia, 2,000-3,000 gal of CIP? wastewa-
ter was discharged into a creek. This incident was first
detected by an odor complaint on a university campus
(UGA 2016). Warer testing was conducted about
1,000 £ downstream of the discharge point 19 h later
{US Environmental Protection Agency [USEPA] Method
8260B} and revealed the presence of 1,3,5-
trimethylbenzene (TMB; 1.72 pgfl), tert-burylbenzene
{2.80 pgfL), acetone (512 pg/L), and styrene (1,300 pg/L).

In response to a contamination incidens in Oregon,
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“I'Tlhe styrene levels were so high |the] responder
had to wear a respirator to collect samples” (CTC &
Associates LLC 2012). Twelve days after the incident
in Connecticut, 291 pg/l. styrene was found down-
stream (GESI 2004). Regarding the incident in
Minnesota, spilled resin reportedly remained in a sur-
face water for five months {Marohn 2011a, 2011b,
2011¢).

The greatest amount of detail was found for the
CIPP-related  water contamination  incidents  in
Alabama, Colorade, and Vermont. In 2010, the
National Response Center (NRC) reported that a CIPP-
lining contractor released about 70,000 gal of CIPP
wastewater to a dry creek bed in Alabama (NRC 2010).
The waste traveled downstream and contaminated a
residential drinking water well. The creek-water styrene
concentration was 143 mg/L, and the concentration in
contaminated drinking water from a nearby well was
4 mg/L. The USEPA’s styrene drinking water maximum
contaminant level {MCL) is 0,1 mg/L. {USEPA 1991},
Alabama’s environmental regulatory agency noted that
the contractor violated state code with an unpermitted
pollutant discharge, and that mitigative and investigative
actions were required (ADEM 2010), The water testing
methods, laboratory reports, and the presence of other
chemicals in the contaminated waters were not found.

In 2011, CIPP wastewater was released from a storm
sewer pipe repair site into Clear Creek in Colorado.
Residents and employees at a nearby ski resort were the
first to report the problem and complained about odor
and illness symptoms caused by the drinking water
(CDOT 2012, Weldon & Morton 2011). The incident
prompted a response by Colorado’s transportation,
environmental protection, and health agencies. The
response revealed that a surface water and the commu-
nity’s drinking water were contaminated. An alternate
drinking water supply was provided to the affected
communiry. Testing (USEPA Methods 624 and &23)
indicated that the CIPP wastewater contained styrene
and other VOCGCs, including 1,2,4-TMB, 1,3,5-TMB,
acetone, benzene, ethylbenzene, isopropylbenzene,
n-propyl benzene, o-chlorotoluene, p-isopropyltoluene,
and xylenes. Some SVOCs also were detected in samples
and included diethyl hexyl phthalate {DEHP), benzoic
acid, isophorone, and butyl benzyl phthalate {BBP).
DEHP was found at 0.0026 mg/l. and exceeded the
minimim Colorado groundwater and chemical stan-
dard of 0.0025 mg/L {CWQCC 2016). The federal
drinking water MCL of 0.006 mg/L was not exceeded
(USEPA 2009). The maximum styrene concentration
was found to be 18 mg/L in water and 14 mg/kg in soil.
State officials analyzed the water at the culverts inlet
and outlet for pH, total organic carbon {TOC), chemi-
cal oxygen demand (COD), total suspended solids, total
dissolved solids, oil and grease, total residual chlorine,
and flowmetering. Styrene and DEHP werc found at the
outlet of three culverts during the investigation, Styrene




was detected in surface water for 119 days. VOUCs
(USEPA Methods 524.2 and 624), SVOCs (USEPA
Methods §25.2 and 625), compounds not expected to
be associared with the CIPP installation (such as pesti-
cides), and polychlorinated biphenyls were also ana-
lyzed with results of nondetect or below regulatory
limits.

In 2013, a CIPP storm sewer pipe installation in
Vermont contaminated a % mi creck reach and nega-
tively impacted fish communities {Barker 2013, VIDEC
2013). The day after the installation, a resident com-
plained that his dog became sick after drinking creek
water. Emergency respoaders and state transportation
officials investigated. Warter samples were collected and
anatyzed for VOCs (USEPA Method 8260) the day fol-
lowing the CIPP installation and periodically during a
70-day period. Styrene creek levels were reported ar
three downstream locations the day following the CIPP
instaliation {206, 5,160, and 770 mg/L). (Note that
information described here was reported in Vermont
Departiment of Environmental Conservation [VTDEC
2013]. Questions regarding details about this water con-
tamination incident and the reported data may be
directed to the VIDEC.) Styrene is soluble in water at
6-51°C from 0.029 to 0.045% (Lane 1946). Results
suggested that styrene may have been adsorbed to col-
loidal resin particles, was present in stabilized droplets
as a microemulsion, and/or within a separate nonaqu-
eous liquid phase attached as droplets to resin particles.
Downstream styrene levels decreased over the two-
month monitoring period: measured at 16 h (3.26,
3.22,2.36 mg/l), at 28 days (0.228, 0.160, 0.513 mg/L),
and at 70 days {0.08, 0.06, 0.03 mg/L.). A closer review
of the laboratory water analysis reports indicated other
compounds were also present: acetone (1.39, 4.88, and
1.81 mg/L), 1,24-TMB (<0.1, 0.49, 0.1 mg/L), 1,3,5-
TMB (<0.1, 0,129, <01 mg/l), and tert-butanol {<1,
549, <1 mg/L; Spectrom Analytical Inc. 2013a, 2013b,
2013¢, 2013d). Water quality standards were not found
in Vermont for these compounds, but these compounds
had water quality standards in other states that would
have been exceeded. The contractor proposed removing
resin from contaminated rocks with acetone, but state
officials discouraged this action.

Bench- and field-scale studies: Water quality impacts.
Several studies have identified construction practices
that can reduce CIPP water quality impacts. The earliest
study was conducted in 2008 by the Virginia
Department of Transportation (VDOT). During this
project, stormwater quality was monitored at seven
steam-CIPP sites (Donaldson 2009). Water samples
were collected before, during, and after installation. All
samples were analyzed for VOCs (USEPA Method
8260B). Styrene concentrations exceeded the USEPA
drinking water MCL at five of the seven study sites dur-
ing and after installation. Styrene exceeded toxicity

thresholds for common indicator species (i.e., the water
flea [Daphnia magna] and the rainbow trout
[Oncorbynchus mykiss]) at four project sites. Styrene
levels differed based on sampling location, and a maxi-
mum 77 mg/l. was detected. Styrene remained detect-
able in water up to 88 days after the installation. The
presence of other VOCs and their method detection
limits {(minimum concentration of a substance that can
be measured and reported with 99% confidence that the
analyte congcentration is preater than zero) were not
reported. VDOT concluded that

...the findings resulted from one or a combination of
the following: (1) installation practices that did nor
capture condensate containing styrene, (2) uncured
resin that escaped from the liner during installation,
(3} insufficient curing of the resin, and (4) some
degree of permeability in the lining material.

Following these findings, VDOT suspended styrene-
based CIPP until additional research was conducted to
gain a better understanding of the technology and its
potential impacts. VDOT also created specifications for
styrene-based CIPP to reduce the potential for water
quality impacts, and then permitted CIPP use,

In 2008, the New York State Department of
Transportation {(NYSDOT) conducted a study to inves-
tigate styrene release into a surface water by hot-water
CIPP {O’Reilly 2008). Water samples before and after
CIPP installations at four different culverts were charac-
terized for VOCs {USEPA Method 8260), When the cur-
ing temperatures were reached, the investigators
theorized the material that exited both ends of the cul-
verts was “steam.” The CIPP installations contributed
styrene to water, and styrene was also found in the
wastewater drained from the CIPP testing, Styrene was
detected in all four culverts, and levels ranged from non-
detect to 250 mg/L. The presence of other compounds
and method detection limits were not reported,
NYSDOT investigators noted that pollutant discharge
to a surface water was regulated “under the Clean
Water Act and by the USEPA or its designee (a state).”
According to their assessment, styrene discharge from a
CIPP site should not exceed 0.005 mg/L. to comply with
state regulacion (NYSDOT 2016}, This limit is lower
than USEPA’s 0.1 mg/L styrene MCL {USEPA 1991),

In 2013, VDOT examined water quality impacts
caused by one vinyl ester-based (styrene-free) CIPP
installation and two styrene-based UV-CIPP installa-
tions {Donaldson & Whelton 2013, 2012). Water was
collected before or upstream of CIPP installation sites
and at the outlet, Samples were characterized for VOCs
(USEPA Method 8260B). For the vinyl ester-based
CIPP, vinylic monomer (specific compound unreported)
aqueous concentrations (USEPA  Method 8310M)
exceeded toxicity thresholds for aquatic species in six
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subsequent water sampling events up to 120 days after
CIPP installation. Concentrations were found as high as
87 mg/l. (exceeding the range of aquatic species” thresh-
olds of 0.4-26 mg/L). Acrylate monomer (specific com-
pound not reported} was released from the installation
site and detected on day 90 at 0.08 mg/L. In water sam-
ples collected following the UV-CIPP installation, sty-
rene concentrations varied according to the degree of
water flow. Styrene concentrations for water exiting the
newly installed liner wers 0.72-10 mg/L, bur standing
water contained vp to 12.9 mg/L. styrene. Results indi-
cated that residual styrene was greater in standing water
and could be difuted in subsequent water flow events,
Styrene concentration reduction also was hypothesized
to occur as a result of volatilization. Using these results,
VDOT further revised its CIPP specifications to include
{1} styrene-based CIPP installation requirements for
nonstyrene-based CIPP installations, (2) pre- and post-
installation water and soil sample analyses require-
ments, and {3} aqueous concentration limits for styrene
and diallyl phthalate (DAP).

In 2014, researchers in Alabama monitored COD,
TOC, VOC, and SVOC levels at a steam-CIPP storm-
water field site for 35 days (Tabor et al. 2014, Whelton
et al. 2014). At che pipe outlet and downstream from
the outlet, COD levels ranged from 100 to 375 mg/L,
and styrene concentrations ranged from 0.01 ro
7.4 mg/L. TOC levels indicated chemical release from
the installation; levels were initially 140 mg/L at che
outlet and decreased with time. Although, TOC, COD,
and styrene levels generally decreased with time, the
greatest COD and styrene concentrations were detected
50 ft downstream of each installation site the day fol-
lowing CIPP installation—not at the pipe outlets.
Condensare liquid-like waste was collected and tested.
Although the condensate pH was close to neutral, it
contained heavy metals and had a COD of approxi-
mately 36,000 mg/L (similar to some industrial waste-
waters). Condensate contained a variety of carcinogens,
endocrine-disrupting compounds, and other contami-
nants including acetone, benzene, chloroform, isopro-
pylbenzene, methylene chloride, methyl ethyl ketone,
styrene, 1,2.4-TMB, and 1,3,5-TMB. Other chlorinated
compounds were also found, and their origin was not
clear. The condensate {undiluted and diluted) was deter-
mined to be acutely toxic to freshwater test organisms.
Undiluted condensate dissolved the test organisms
{Daphnia magna) at room temperature within 24 h.
When the condensare was diluted 10,000 times and sty-
rene was present only in nominal concentrations, all test
organisms died after a 48 h exposure time. This result
indicated that other compounds, in addition to styrene,
contributed to chemical toxicity, CIPP  specimens
removed from the field site were characterized, and
VOQUCs and SVOCs found in the field were released also
into laboratory-prepared stormwater.
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The most recent water quality impact study was con-
ducted by California State University at Sacramento for
CALTRANS (Currier 2017). This research was designed
to examine stormwater VOC levels caused by CIPP
installations in accordance with construction specifica-
tions for 10 steam-CIPPs and 1 UV-CIPP. Both styrene
and nonstyrene resins were used at these sites; three
CIPPs were instailed in active culverts, and eight CIPPs
were [nstalled at a controlled field research site. Sites
were monitored for up to 16 days post-installation,
Water samples were analyzed for VOCs {USEPA
method 8260B). During water sampling, the Currier
(2017) researchers wore respirators {half-facepiece drop
down!), This decision was based on input from the
organization’s industrial hygienists. Results showed that
styrene leached from the CIPPs into simulated storm-
water that was flushed through the pipes, with styrene
ranging from nondetcctable to greater than 0.20 mg/L.
From the installation that used nonstyrene resin, a lower
level of styrene was found leaching from the CIPP.
Additional testing revealed that the contractors may
have contaminated the nonstyrene CIPP with styrene
during installation (Teimouri et al. 2017). Currier
(2017) also detected other compounds in rinse water at
less than 0.1 mg/L, including acetone, isopropylbenzene,
tert-butyl alcohol, N-propylbenzene, toluene, xylenes,
1,2,4-TMB, and 1,3,5-TMB. Several compounds have
been associated with prior CIPP water quality impact
investigations and studies. Some compounds detected
by Currier (2017) were also in materials captured and
condensed from cthe air by Teimouri et al. {2017),
Respirators,” recommended by industrial hygienists,
were worn by Teimouri et al. (2017} to protect against
inhalation exposures during steam-CIPP manufacture.
The Currier (2017) statement that “forced heated air
after the CIPP had been installed appeared to reduce
styrene levels below aquatic toxicity thresholds™ indi-
cates a relationship may exist between chemical air
emissions and CIPP chemical leaching, Specifically, che-
micals that volatilize from the CIPP installation in air
would not subsequently leach from the installed CIPP
into water. On the basis of Currier (2017), CALTRANS
has been evaluaring potential CIPP installarion specifica-
tion upgrades to limit stormwater quality impacts. Some
installation conditions and chemical air emission resuits
for five CIPPs have been published by Teimouri
et al. (2017), and others are still undergoing evaluation,

Review of construction documents, Of the total 35 state
transportation  agencies that  were  contacted,
32 responded o the authors’ request for CIPP construc-
tion documentation. Of these responses, 23 agencies
provided construction specifications, special provisions,
or other materials related to CIPP technology use
(Table 2). Some agencies volunteered addendums, bid
summaries, material safety data sheets, and/or construc-
tion maps. A few state agencies indicated that the




TABLE 2 Comparison of CIPP construction specifications and reguirements for state transportation agencies
Requirement Number of States of 35
Ne documents provided or no CIPP use? 9
Before construction
Obtair and show POTW permit to the engineer 4
Install impermeable liner up and downstream 4
Conduct water testing at the site 4
Before reinstating flow
Rinse new liner with clears water, capture, and dispose 5
Prohibit return to service before a minimum unspecified period 4
Prohibit return to service before a minimum period (two, four, or seven days) 3
General reqguirements
Capture and dispose of compounds, water, and condensate 10
Conduct water testing at the site
Contractor is responsible for reposting any water quality alterations 3

CIPP—cured-in-place pipe, POTW-——publicly owned treatment works

did not have specilications or special provisions.

*Some state agencies provided docunienls that did not specify CIPP and/or the agency indicated they did not use CIPP; one state agency did not accept CIPP point
repairs; one state agency no longes permitted any CIPP technology except for ultraviolet CIPF; two state agencies described plan notes for CIPP because they

materials provided to the authors originated from differ-
ent offices within each state, as there were no statewide
guidance documents for CIPP installation activities. One
state cited the Greenbook {2015} as its CIPP specifica-
tion source. During document review, two different
degrees of detail were found. California, Colorado,
Virginia, and Vermont documents contained the great-
est amount of information related to limiting water
quality impacts and monitoring,.

Before construction, transportation
Colorado, Pennsylvania, Vermont, and Virginia explic-
itly required contractors to obtain and present a permit
to the engineer. This permit was to indicate that a pub-
licly owned treatment works (POTW) permits the dis-
charge of CIPP waste. Other states varied with regard
to their specified waste-handling requirements:

agencies in

¢ Eight states did not specify requirements for waste
disposal in documents provided.

= Six states required contractors to
properly dispose of waste.”

» Three states required that “...debris of culvert should
be disposed of in accordance with state and local
environmental regulations.”

= Qne state required contractors to “...[ollow the rules
and regulations for discharge of waste.”

¢ One state required that “...a compound, process
water, or condensate used during the installation or
curing operation shall be contained, removed from
the site and disposed of in a manner approved by the
Engineer.”

1

...remove and

At the construction site, four states required the use
of some type of material {i.e., liner or matting) upstream
and downstream of the CIPP installation (California,
Nevada, Vermont, Virginia}, California had the most
explicit requirements and included a plastic coating
20 fr long and 10 mils (250 pm) thick to contain resin
before liner installation. The other three states did not
describe liner dimensions but required “an impermeable
inner and outer plastic film or plastic pre-liner immedi-
ately prior to liner installation upstream and down-
stream of the site.” Other states that provided
construction documents did not specify the type of
material. No studies were found that determined che
degree to which these actions limited water quality
impacts.

To determine the types of chemicals emitted into the
environment from CIPP installations, four of 23 states
{Colorado, Nevada, Vermont, Virginia) required water
testing (Table 3), One state required the installers to
“flush the new pipe until styrene residual levels were
below EPA and or wastewater treatment levels,” but the
specific levels were not mentioned. Because water analy-
sis requires time and results are not available in real
time, it was unclear how this specification requirement
was followed. The water sampling strategies and testing
methods varied across these states. A comparison of
each agency’s recommended water testing method is
shown in Table 3. VDOT required styrene testing for all
styrene-based CIPP installations and DAP testing for
vinyl ester CIPP installations. Vermont’s Agency of
Transportation (VTRANS) also required water testing,
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TABLE 3

Different water testing methods required or used by state transportation agencies for CIPP installations
and each method’s ahility to detect known CIPP compounds

USEPA Water Testing Method Required or
Used by Certain States (State)
Name of Compound Previously
Detected at a CIPP Site or Found 524.2 8260 {Colorado, 8021B
Leaching From a CIPP During a Bench-Scale Study Compound Class {Colorado) Vermont, Virginia) {Nevada)

Acetanesisin X X
Benzene™t CAR, EDC, HAP X X X
2-Butanone (methyl ethyl ketone)! CAR, HAP X X
tert-Buityl alcohol® x
fert-Butyl benzene® X X X
Chloroform®™? CAR, HAP X X X
o-Chloratoluene® X X x
Diallyl phthalate (DAP)* EDC
Ethylbenzene®™ EDC, HAP X x x
Isapropylbenzene™* 1" X x x
p-Isopropyltoluene® X X X
Methylene chloride™ CAR X X x
N-Propyibenzene41¥ EDC X b X
Styrene¥ HEa CAR, EDC, HAP x X X
Toluene™ HAD X X x
1,2,4-Trimethylbenzen e s2Tre CAR X X X
1,3,5-Trimethylbenzene ™ #¥» CAR x X X
Xylene (tatal)® EDC, HAP X X X

this table.

x—detectable, |-]—not detectable, CAR—suspected or contirmed carcinogen, CIPP—cured-in-place pipe, EDC—suspected or confinmed endocrine-disrupting
compound, HAP—hazardous air pollutant as defined by USEPA, USEPA—LUS Environmenlal Protection Agency, VEXO'T—Virginia Department of Transportation

DAP was detectable using USEPA Method 83100 specified in VDOT (2016); Compounds in table were detected by prior investigators who examined CIPP waste or
water sampling; USEPA 524.2 lists purgeable organic compounds, USEPA 8260 lists volatile organic compounds, and USEPA 80210 lists aromatic and halogenated
wvolatiles; syinbols correspond to when a compound was detected at an incident during a study: “*Currier {2017); "Teimouri et al, (2017); "UGA (2016); "VDOT
(2016); Yrabor et al, (2014); "Donaldson (2013); *Spectrum Analytical Inc. (2013a, 2013b, 2013¢, 2013d); "CDOT (2012); *Weldon & Marion (2011); ¥NRC (2010);
Tentatively idenlified compounds in Tabor et al. {2014); Initiator degradation products from material safely data sheets listed i Table 1 were not used to create

and both Vermont and Virginia specifically mentioned
styrene and DAP lirnits that should not be exceeded: for
VDOT, 2.5 mg/L styrene {USEPA Method 8260) and
0.4 mg/L. DAP (USEPA Method 8310M); for VTRANS,
1.0 mg/L styrene (USEPA Method 8260} and 0.4 mg/L
DAP {method not reported). VDOT styrene and DAP
limits were based on the lethal concentration (1.Csq)
values for the rainbow trout (Oncorbynchus mykiss)
and golden orfe fish (Leuciscus idus), respectively
(Donaidson & Whelton 2012). The VTRANS styrene
limit was lower than VDOT’s limit because of a recom-
mendation by the Vermont Agency of Natural
Resources. The VIRANS DAP limit was adopted from
a VDOT study. In addition, NYSDOT did not require
water testing, but the state’s allowable styrene limit
would depend on the class of surface water and ground-
water, A 0.005 mg/l. concentration was the lowest
allowable discharge limit in accordance with state code

(NYSDOT 2016).
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Some compounds known to be released during CIPP
installation (identified in bench- and field-scale studics)
were not covered by the USEPA test methods specified in
the state documents (Table 4). As Tables 3 and 4 show,
numerous compounds have been associated with CIPP
water contamination, However, some compounds would
not have been detected by the USEPA test method used,
and hence not reported, by the four states that required
water testing. Therefore, the USEPA methods required or
suggested for use by states will not result in a complete
understanding of chemical release from CIPP sites.
Chemicals released from CIPP installations are likely
influenced by the resin composition, the applied CIPP
curing and cool-down process, and possibly other param-
eters (i.c., environmental conditions, preliners, cutting
pieces after curing, air emissions, etc,}, More work is
needed to characterize which chemicals are released, are
significant from an environmental impact standpoint,
and that should therefore require monitoring.




TABLE 4 Compounds associated with CIPP
installations that are not detectable by
the USEPA water testing method
required ar used by certain state

transportation agencies

Name of Compound Compound Class

Acetophenone” HAP
Acrylate monomer (undisclosed)?
Benzaldehyde®'

Benzoic acld®

Benzyl alcoholl

Butylated hydroxytoluene”
4-tert-Butylcyclohexanol”
d-tert-Rutylcyciohexanone”
Dibutyl phthalate™" EDC, HAP
Diethyl phthalate” EDC
Di(2-ethylhexyl) phthalate"® CAR, EDC, HAP
4-(1,1-Dimethyl) cyclohexanol™
4-(1,1-Dimethyl) cyclohexanone™
3-Heptanol?

Phenot®™’ HAP
1-Tetradecanol’

Tripropylene glycol diacrylate’

Vinylic monomer (undisclosed)’ CAR

CAR-—suspected or confismed carcinogen, CIPP—cured-in-place pipe,
EDC—suspecied or confirmed endaocrine-distupting compound, HAP—
hazardous air poliutant as defined by USEPA, USLEPA—US Environmental
Protection Agency

Symbals comrespond to when a compound was detected at an incident
during a study. Muttiple monomers can be present. Initiator degradation
praducts from material safety data sheets listed in Table ] were not used
to create this table, *Currier (2017); “Teimouri et al. (2017); abor

et al. (2014); "Whelton et al. (2014); 'Donaldson (2013); *Weldon and
Maorton (2011); SSpectrun Analytical Inc. (2013a, 2013, 2013¢, 20134y
“fentatively dentified compounds in Tabor et al. (2014).

Some construction documents specified that the con-
tractor must capture and dispose of CIPP wastes follow-
ing the installation. Ten states explicitly mentioned the
requirement to capture and dispose of wastewater,
NYSDOT (2016) required contractors to utilize “a pre-
liner bag and excavate a temporary resin control pit at the
outlet 4-5 m long, twice the culvert diameter wide and
300 mm deep.” The pit's purpose was to colfect the “sty-
rene® and allow the wastewater to cool. Five states
required contractors to rinse the newly installed CIPP with
clean water, and then capture and dispose of the rinse
water. None of the construction documents indicated from
where the clean warter should eriginate or what kind of
the water to use (i.e., chlorinated drinking water, creek
water, etc.). Discharge of chlorinated water to surface
waters may require approval from the state environmental
agency in accordance with the Clean Water Act,

Three states required a certain time period before the
repaired pipe was allowed to be returned to service:
Virginia (seven days), California (four days), and
Maine {two days). Four states reguired that the pipe be
returned to service after “a length of time to complete
the cure,” but the characteristics used ro determine
when the “cure” was complete were not defined. By
delaying the pipe’s return to service, some residual che-
micals are likely permitted to volatilize into the air and
be less available for leaching into the stormwater,

Requirements unique to NYSDOT were that when a
nonstyrene resin was used, that resin must contain less
than 5% VOCs with less than 0,1% hazardous air pol-
lutants (NYSDOT 2016). Also, “the resulting cured
liner shall contain less than 0.1% of the water quality
pollutants” listed in state code. According to discussions
with NYSDOT, independent chemical confirmation has
not been conducted to validate these requirements.
Because of a lack of independent resin and CIPP chemi-
cal composition test results, it is unclear whether con-
tractors are meeting or can meet these requirements,

Standards, texthooks, and guideline documents.
Because several construction specifications cited stan-
dards related to CIPP, these standards and other related
literatures were reviewed, The purpose of reviewing this
information was to determine whether the standards,
texts, and guideline documents contained informartion
regarding CIPP water quality impacts and waste dis-
posal. Several ASTM documents were mentioned in
construction specifications {ASTM 2017, 2016, 2012,
2011), but none contained information about warter
quality impacts or waste disposal. The AWWA (2014)
manual for water main cleaning and lining was men-
tioned in ASTM sewer-related documents, but this man-
ual did not mention water quality impacts or waste
disposal. Two trenchless technology textbooks were
also reviewed. These books mentioned that hazards can
exist with stcam condensate and with water used during
the curing process, but chemical analysis data and
studies were not cited (Najafi 2010, Najafi &
Golchale 2005).

A culvert repair construction and best practices
study prepared for the Minnesota Department of
Transportation and two trade association documents
regarding CIPP use were reviewed. Trade association
documents were examined because they were cited in
transportation agency reports, In the 2014 best practices
document, the capture and disposal of CIPP (waste)
water was recommended, but other actions implemen-
ted by some states such as upstream/downstream pro-
tection, delay in return to service, or water testing were
not mentioned (Wagener & Leagjeld 2014). Wagenes
and Leagjeld (2014} also recommended that states hire
“NASSCO-trained construction [nspectors to monitor
installation and curing.” According to training materials
issued to CIPP construction inspector trainees in 2017

RAET AL MAY 2018« 110;5 | JOURNAL AWWA 25




(NASSCO Inc. 2011), construction inspectors were not
trained on past wacer quality impacts, methods to detect
them, or evidence-based construction practices to help
avoid them, Two trade documents were also evaluated
because they were referenced in reports prepared for
state agencies about CIPP. The first document published
by the WNorth American Society of Trenchless
Technology (NASTT) mentioned human health con-
cerns about CIPP technology, but recommendations
lacked citations necessary to understand the justification
for these concerns {Doherty et al. 2017). For example,
the document stated “use styrene-free resins where pub-
lic waterway contamination is a concern” but did not
cite evidence that indicated “styrene-free resins” would
not contaminate a public waterway. A prior study
found that a styrene-free resin system can contaminate
water (Donaldson 2013},

A NASSCO Inc. (2009) resin handling document
cited in the NASTT document was reviewed also. This
resin handling document also was issued to CIPP con-
struction inspector trainees in 2017, It contained infor-
mation about styrene levels in process water and the
disposal of process water and condensate into ditches
and/or waterways. Specifically, the document indicated
that condensate discharge into receiving waters was
acceptable if the waste contained 30 mg/l. styrene or
less (p. 11, paragraph 2). These statements lacked cita-
tions to chemical analysis or related toxicity data. Some
similar observations about information contained in this
document were previously identified by O'Reilly (2008)
for NYSDOT. Other than styrene, no other compounds
present in CIPP wastewater or condensate were
described. As mentioned previously, many VOCs and
SYOCs can be present and cause aquatic toxicity. A
study conducted for the Wisconsin Department of
Transportation cited this document, but added rthat
“styrene and other chemicals feach into cure water” and
“wastewater should not be discharged to the environ-
ment” ({Safem et al. 2008). None of the standards, text-
hooks, or guideline documents indicated that approval
of state environmental protection officials may be
required before CIPP associated chemicals could be dis-
charged to a surface water.

The authors also reviewed a styrene resin handling
document released in late 2017 that mentioned water
quality impacts associated with CIPP installations
(NASSCO Tnc, 2017). Like the NASSCO Inc. (2009)
resin handling document, content in the more recent
NASSCO Inc. {2017) document focused solely on sty-
rene. Similar to the 2009 document, some claims about
styrene levels in CIPP wastewater {i.e., 20-25 mg/L)
lacked supporting data. One recommendation was that
steam-CIPP airflow should be maximized to minimize
the amount of condensate waste generated. As hypothe-
sized by Currier (2017}, this practice may remove che-
micals from the CIPP that may otherwise leach into
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water after the CIPP is placed into service, It s
unknown whether this increased chemical emission
practice increases the chemical exposure risk to workers
and the nearby public. General recommendations for
improved worksite safety were provided, but details
and/or references to support statements were not pro-
vided. Another recommendation was that a permit or
permission should be obtained from a local regulatory
agency before CIPP wastewater is discharged to the
environment. Clarification from state environmental
agencies about organizations that permit and monitor
waste discharges from CIPP manufacturing sites is
needed. The authority of permitted pollutant discharges
under the National Pollution Discharge Elimination
System has been delegated by the USEPA to 46 states
and one territory, not to local authorities (USEPA
2018). The 2017 document did not reference all avail-
able independent peer-reviewed research pertaining to
CIPP emissions.

CONCLUSION

The study objectives were to {1) compile and review
CIPP-related surface water contamination incidents;
(2) report on and review all known CIPP water quality
impact studies; (3) evaluate current construction prac-
tices for state transportation agencies; and {4) review
current standards, textbooks, and guideline documents.
Water contamination incidents {13) were identified that
were associated with CIPP pipe rehabilitation activities,
Reported incidents generally involved the discharge of
uncured resin, chemicals, or other wastes (e.g., CIPP
wastewater by curing) into the local surface water.
Reported incidents involved fish kills, odors, and/or
drinking water supply contamination. Respiratory pro-
tection was worn to collect water samples following one
incident. Water testing methods differed across inci-
dents, and some of the analytical methods used were
unable to detect the presence of some compounds
known to be released during CIPP installation. For one
incident, styrene was detected in water for almost four
months. To better design water testing strategies, more
independent testing data are needed about the chemicals
that are used, created, and released during and after
CIPP installation.

At present, there is no master list of chemicals of con-
cern for water testing because little is known about the
array of chemicals used, created, and emiteed during
CIPP manufacture. Some state transportation agencies
have identified a few compounds (Tables 3 and 4).
Water testing challenges arise because of the high vari-
ability in CIPP installation conditions (i.e., a CIPP
installation at one site may cause different chemical
releases than another installation, even when the same
methods are used). As found on material safety data
sheets and in prior field testing, new chemicals can be
created during CIPP manufacture that are not listed as



ingredients on safety data sheets. While waters can be
analyzed for monomers like styrene, a prior study
showed other nonstyrene compounds (from a styrene-
based CIPP) can be responsible for the observed aquatic
toxicity. Until more information is available, a variety
of different water tests {methods) should be applied at
all CIPP installation sites. The selected water tests
should be based on information in this report and in
consultation with environmental and public health
agencies. This water sampling approach is recom-
mended following chemical spills when the composition
of materials released is unclear (Horzmann et al. 2017,
Huang et al. 2017, Weidhaas et al. 2017, Whelton
et al. 2017},

Bench- and field-scale CIPP water quality impact
studies have been conducted and supported by transpor-
tation agencies in Alabama, California, New York, and
Virginia. In one study, chemicals were detected in water
for 88 days after a CIPP was installed, and concentra-
tions exceeded aquatic species toxicity thresholds. In
another study, steam-CIPP condensate waste contained
a variety of carcinogenic {styrene, benzene, methyl ethyl
ketone, 1,2,4-TMB, and 1,3,5-TMB} and endocrine-
disrupting compounds (dibuty! phthalate [DBP] and
diethy!l phthalate), and was acutely toxic {i.e., 24 h,
23°C) to a freshwater organism (Daphnia magna).
Water testing by multiple organizations has indicated
that several VOCs and SVOCs can be released from
CIPP sites into water, Findings indicated that the highest
levels of contamination occurred closer to the date of
instailasion and can decrease with time. Respirators
were worn by researchers to collect water samples dur-
ing a field water sampling study. Respirators were also
worn by others who conducted air sampling during
those same steam-CIPP installations. Standard USEPA
water testing methods listed in the reviewed construc-
tion documents can identify and quantify some, but not
all, chemicals released during CIPP installation. No
long-term CIPP leaching studies were found to describe
emissions as the material aged. A potential relationship
was mentioned between styrene leaching from a newly
installed CIPP and use of forced air during CIPP cool-
down, but very limited air testing data cxist, a8 summa-
rized elsewhere {Teimouri et al. 2017),

CIPP construction specifications  differed greatly
among states. To limit chemical release from CIPP
installations into the environment, four states required
the temporary instaflation of materiais {Le., streambed
liners) upstream and downstream of the CIPP installa-
tion site. However, the type and characteristics of the
specific materials varied. Three seates required that the
pipe not be returned to service for two, four, and seven
days after CIPP installation. Water testing before and
afrer CIPP installation was required by four states. No
federal or state standards, literature texts, or industry
documents were found that described evidence-based

practices for limiting water quality impacts, or for cap-
turing and disposing of the waste generated as a result
of CIPP manufacture.

RECOMMENDATIONS

Evidence-based construction practices are recom-
mended that minimize water quality risks. Limited
chemical testing data are available that support existing
procedures and specifications. Studies are needed to
document a more complete list of chemicals generated
during CIPP installation and their toxicities. Without
publicly available field testing data and future labora-
tory studies, the expected magnitude and duration of
chemical emissions cannot be understood. The incidents
described here may be outlier events, or they may repre-
sent the risks inherent of typical installations. Also
needed are evidence-based waste handling practices and
identification of the necessary time required before plac-
ing the CIPP into service to limit chemical leaching.

Organizations that contract for CIPP technology use
need to be aware of the human health and environmen-
tal risks associated with the installation, as well as
evidenced-based practices to mitigate these risks to their
employees, the public, and the environment. People who
monitor, visit, or conduct water sampling at CIPP work-
sites should wear appropriate personal protective equip-
ment. This could include respirators and chemically
resistant gloves, depending on the potential exposure
routes {inhalation, dermal) as determined appropriate
by industrial hygienists and the National Institute for
Occupational Safety and Health. Additional chemical
air-emission work as recommended by Teimouri
et al. {2017} is needed. Evidence-based best practices
should be included in construction specifications and
contracts. At a minimum, construction inspectors should
be trained on topics identified in this article. Future stud-
ies should be designed to evaluate different approaches
to reducing chemical emission into the environment.

On the basis of the compilation of existing dara, some
recommendations are made. First, the local environment
{sediments, soifs, water) should be protected during
CIPP installation. Contractors should use impermeable
plastic sheets (i.e., 10 mils thick) immediately upstream
and downstream of the pipe to help prevent chemicais
from entering the environment. This recommendation is
based on CALTRANS research. The protected area’s
size may depend on the pipe size and area morphology.
Water flow should be diverted from the pipe until a
complete cure has been established. But more informa-
tion on the curing time for each type of CIPP method is
needed where degree of cure can be correlated with both
mechanical and chemical integrity of the pipe. Curing
time likely is a function of resin thickness, composition,
curing methoad, pipe conditions, and ambient tempera-
ture, so the “time to service” needs to be defined in
terms of these and possibly other parameters. New
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CIPPs should be rinsed after installation, and waste
should be collected. CIPPs should be prohibited from
service until  water testing results indicate no
exceedances.

Water or steam condensate used for curing or rinse
water should not enter the environment (waterways,
soil) and should be coilected. These materials should be
properly discharged to a POTW, with preapproval of
the POTW, or other approved facility. In the absence of
waste collection, any discharge to the environment
should have preapproval by the state or federal agency
responsible for environmental protection, Any acciden-
ta] discharge, small or large, should be reported to state
officials immediately, so actions can be taken to protect
downstream water supplies, the environment, and
nearby population.

On the basis of resin composition and leachate and
chemical toxicity tests, analytical water testing methods
selected should be capable of detecting all contaminants
of concern. Testing procedures, locations, number of
samples, and temporal extent (i.e., to include pre- and
post-installation) need better definition. Independent
organizations, properly trained on environmental sam-
pling, should conduct testing. Results should be rapidly
obtained and compared against state and federal water
quality limits for allowable pollutant discharge, limits in
construction specifications, and to acute and chronic
toxicity limits for native aquatic species, Sampling at the
pipe inlet and outlet immediately before and after the
CIPP is placed in service should constitute temporal
{and spatial) sampling events. This testing is required in
some states but should be adopted across all storm
sewer applications. As known contamination incidents
and existing studies have indicated, follow-up testing
for days, weeks, or months may be necessary depending
on what is discovered. Testing for surrogate water qual-
ity parameters (i.e., TOC, COD) may prove to be a
rapid and cost-effective way to help identify whether
water contamination occurred and may decrease the
amount of specific chemical sampling. Any exceedance
of state water quality limits and limits set forth in speci-
fications should trigger additional water testing, state
environmental agency notification, and possibly remedi-
ation actions, Additional work is needed to determine
the time required for CIPP leaching to decrease below-
accepted chemical concentrations, and fimits for some
chemicals may differ between states.

Additional studies should examine chemical leaching
from CIPPs over time, after facilitated curing {UV,
steam, and/or hot water exposure) has occurred, with
the rate of leaching examined as a function of facilirated
curing time {and temperature, where appropriate). No
data were found that described chemical leaching for
the multitude of known resin compositions, curing
methods, cool-down methods, and conditions. Existing
studies are limited in that they may represcnt only the
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specific application, not CIPP technology across sites,
Chemical extraction of the cured liner according to
NYSDOT’s requirement would help other transporta-
tion, state, and federal agencies understand what chemi-
cals are used, created, and remain in the CIPP after
installation.

Discussions among rescarchers, state transportation
agency representatives, environmental protection offi-
cials, public health officials, and CIPP contractors are
recommended to define “curing time” from an environ-
mental risk perspective. The aurhors’ discussions with
state transportation agencies, consulting firms, and
CIPP contractors revealed that the current definition of
“cure” does not consider the amount or type of residual
chemicals that remain on or inside the new CIPP. Even
if the contractors do everything properly, some chemical
compounds may continue to volatilize from the new
CIPP or leach out into water. Further studies and infor-
mation wil{ berter determine the necessary time required
before returning each pipe to service to minimize con-
taminant release from the workstte and the CIPP. Also,
further studies could elucidate the relationship between
water quality impacts caused by the CIPP after installa-
tion and chemical emission into the air during CIPP
manufacture. While it is likely that some recommenda-
tions mentioned previously may already be considered
by some transportation agencies and CIPP contractors,
it is imperative that the entire industry {infrastructure
owners, environmental agencies, public health agencies,
contractors) act to prevent future incidents from
OCCUrring.
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