
Low Extractable Technical

Technical Information & Testing

• Complete line of pipe, fittings and valves
IPS Sizes 1/2" - 6" diameters

• Strong Schedule 80 dimensions for
pressure service

• Advanced low-extractable material significantly
reduces leachable contamination compared to
conventional PVC and other piping materials.

• Exceptionally smooth interior walls reduce
particle contaminants

• Fast, reliable installation with simple, inexpensive
joining methods

• Proprietary one-step fast setting joining method
reduces TOC contamination and rinses up quickly

• Good chemical/corrosion resistance, high-impact
strength, low thermal conductivity

• Bagged, sealed and boxed on-line for use in
high-purity environments

• High Quality

• Low Maintenance

• Cost Effective

Made in the U.S.A. Suitable for Oil-Free air handling to 25 psi, not for distribution of compressed air or gas
See Spears® Product Sourcebook for product offerings Page 4

Low-extractable piping for ultra-pure water systems

Spears® low-extractable piping systems provide a cost-effective alternative to other piping materials 
typically used for ultra-pure water applications in semiconductor, electronics, biotechnology and other 
industries. Lower material costs combined with fast, reliable installation greatly reduce installation costs - 
resulting in significant savings without jeopardizing water quality.

In addition to significant cost savings, these piping systems offer several other advantages for ultra-pure 
water applications. These include: non-contaminating material with extremely low-extractable contaminants 
(particularly Total Oxidizable Carbon and trace metals), ultra-smooth interior walls, strong Schedule 80 
dimensions, specialty one-step solvent-cement joining system that cures fast, and unique translucency for 
visual inspection of joint integrity.

Spears® low-extractable piping systems offer unique advantages for many ultra-pure water applications
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Materials
Spears® low-extractable piping is produced from an innovative PVC compound 
that has been specifically formulated to reduce leachable contamination when 
exposed to ultra-pure water environments. Minor ingredients necessary for 
processing have been scrupulously selected to address their potential for 
contamination, and are then carefully blended in precise ratios. This results in a 
much cleaner material than conventional PVC compounds, and compares 
favorably to alternate materials typically used for UPW piping applications. This 
has been validated with extensive static and dynamic leach studies during 
exposure to 18.2 megohm ultra-pure water conducted by a reputable third party. 
Refer to testing data on the following pages for comparative evaluation of 
leachable contaminants obtained from common UPW piping materials.

Spears® low-extractable material meets the toxicological requirements of NSF 
International Standard 61 as being safe for use in potable water applications, 
and also complies with the provisions of Title 21 of the United States FDA Code 
of Federal Regulations as being safe for use in food contact applications.

Processing
Processing conditions for converting this material into pipe form are as critical as 
the selection of the material itself to ensure that the physical properties of the 
finished product are optimized. Correct processing techniques ensure proper 
dispersion and fusion of the compound, resulting in a homogenous melt with 
uniform properties. Great care is also taken during this process using proprietary 
techniques to address surface finish characteristics. Optimizing processing 
conditions and providing smooth internal surfaces greatly reduce the potential for 
extractable and particle contaminant.

Spears® low-extractable pipe is cut square, purged to remove shavings, sealed 
in polybags and boxed on-line at time of manufacture to minimize 
contamination. Contact Spears® for availability of additional cleaning options.

Joining
The Spears® low-extractable system utilizes a one-step solvent-cementing 
system specifically formulated for use with this product. Unlike conventional 
PVC solvent cements, this system contains fewer contaminants and cures 
quickly, reducing the potential for TOC contamination. Joining is accomplished 
quickly and efficiently utilizing inexpensive tools, thereby greatly reducing labor 
and installation costs.

Physical Properties
Although the extractable contaminants of this Spears® piping are much lower 
than those of conventional PVC piping, the physical properties are very similar. 
As a result, these products exhibit the well-known physical characteristics and 
other benefits of conventional PVC piping, such as good chemical and 
corrosion resistance, low thermal conductivity, high strength-to-weight ratio, 
good impact resistance, and ease of installation.

Physical Properties
Property Value Test Method

Cell Classification 12343 ASTM D 1784

Specific Gravity
1.327

g/cu. Cm @ 73°F
ASTM D 792

Tensile Strength @ yield 6720 psi ASTM D 638

Tensile Modulus of Elasticity 384,200 psi ASTM D 638

Flexural Strength @ yield 11,440 psi ASTM D 790

Flexural Modulus of Elasticity 378,000 psi ASTM D 790

Izod Impact
(avg of 2 complete breaks)
(avg of 3 partial & 2 complete breaks)

1.3 ft-lbs / inch
10.9 ft-lbs / inch

ASTM D 256

Coefficient of Linear
Thermal Expansion

3.89 x 10-5 in / in °F ASTM D 696

Compressive Strength 8732 ASTM D 695

Heat Distortion Temperature 152°F ASTM D 648

Hardness, Shore D 82.2 ± 3 ASTM D 2240

Maximum Temp Use 140°F
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Pipe Material

Element
DL

(Detection Limit)
ppb

Spears®
High

Purity
PVDF

High
Purity

PP

Brand X
Clean
PVC

Conv.
PVC

CPVC

TOC 5 59 90 94 1176 • 50
Fluoride 2 • 77 • • • •
Chloride 0.25 2.33 1.0 0.66 2.45 0.84 49.54

Aluminum 0.05 0.30 2.3 0.68 0.54 3.10 1.16
Barium 0.01 0.04 0.24 0.09 0.01 0.22 0.05
Calcium 3 7 • 12 206 2787 15

Magnesium 0.02 0.81 0.66 1.0 2.15 11.15 2.17
Sodium 0.06 0.83 0.51 0.18 0.49 1.23 23.22

Tin 0.02 0.93 • • 0.15 0.51 1.19
Zinc 0.06 0.49 0.47 0.96 • 0.51 1.19

• = Below Detection Limit

• All samples pre-rinsed identically with UPW prior to test.

• Independent Laboratory Extractable Analysis (Balazs Analytical 
Laboratory)

• Seven-Day Static Leach @ ambient temperature

• 450ml 18.2 megohm ultra-pure water

• 120-square-inch wet surface contact area

• Based on 1" diameter pipe without solvent-cemented joint

• Concentration units expressed as ug/L of Leachate (ppb)

Resistivity
Resistivity measured 17.95 megohms at the start of the leach and rose quickly 
to 18.12 megohms during the first 6 minutes. Resistivity readings continued to 
rise until reaching the background level of 18.2 megohms after five hours of 
leaching. 

Total Oxidizable Carbon (TOC)
Dynamic testing revealed that after four hours of leaching, TOC readings reached 
and maintained the background levels throughout the test duration. This data 
confirmed the fast cure time of specially formulated one-step cement. 
Conventional solvent cements and primers used for joining typically affect TOC 
contamination as a result of the leach.
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Testing
Spears® low-extractable piping has been subjected to extensive low-level defection testing during exposure to UPW by a reputable independent laboratory. Tests 
under both static and on-line dynamic (flowing) conditions analyze leachable micro contamination (TOC, anions, cations and trace metals) as well as resistivity and 
particles.

Static Leach Analysis
Detailed extractable analysis is conducted on piping samples after seven-day static leach utilizing 18.2 megohm ultra-pure water at ambient temperature. Static leach 
of large pipe samples (120-square-inch wet surface area) is representative of a piping system "off-line" for an extended period of time. Under these conditions the 
effects of UPW can be extremely aggressive, severely affecting the amount of leachable contaminants present within the piping material.

Dynamic Leach Analysis
Spears® low-extractable piping was subjected to on-line dynamic flow analysis with 18.2 megohm UPW to evaluate particles, TOC, resistivity, anions, cations, and 
trace metals. This testing utilized solvent-cemented flange assemblies (spool piece) to see the effect that the cement had on TOC, resistivity and particle generation 
in a freshly assembled pipe section. Grab samples were also pulled periodically (at start-up, five minutes, 50 minutes and five hours) to analyze anions, cations and 
trace metals under flowing conditions. Flanges were assembled utilizing specially formulated one-step cement and allowed to cure 24 hours prior to testing. Dynamic 
testing revealed that piping assemblies did not contribute significantly to particle generation or leachable contamination under flowing conditions throughout the test 
duration.

Dynamic Test Description
Ambient temperature dynamic leach utilizing 18.2 megohm UPW flowing at 9.35 GPM (turbulent flow). 1" diameter pipe 30" long, solvent-cemented flanges each end 
(approximately 82-square-inch wet surface contact area). Approximately 1-1/2 grams of specially formulated one-step cement used in assembly of components. 
Solvent-cemented assembly was allowed to cure 24 hours prior to start-up. Dynamic test was conducted for a period of five hours.

Leachable Contamination
Anions/Cations - IC grab sample analysis revealed low levels of sulfate (0.15 ppb) five minutes into the test, and low levels of ammonium at 50 minutes (0.05 ppb) 
and five hours (0.07ppb) into the test. All other IC contaminants were below the limit of detection.
Trace Metals - Of the 68 trace metal contaminants evaluated, all were below the limit of detection with the exception of aluminum, detected at 0.012 ppb at the five-
minute interval. This element remained below the limit of detection throughout the remainder of the leach.
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Particles
Dynamic testing revealed that average 
particle counts decreased rapidly during the 
first six minutes of the leach. After 12 minutes 
of leaching, the average smallest particles 
measured (0.05 size range) were 
representative of the background levels.

Surface Analysis
Digital Instruments Nanoscope
Scan Size 
Scan Rate 
Number of Samples 
Image Data 
Data Scale

20.00µm
1.001HZ
512
Height
500.0µm

Spears® low-extractable piping has a non-porous, 
exceptionally smooth interior surface that greatly 
reduces the potential for extractable and particle 
contamination while impeding bacterial growth. 
The components (pipe and fittings) exhibit an 
average Roughness Analysis value of: Ra≤ 0.25 
µm (≤ 10µ inch)

Internal Roughness Comparison
Spears® low-extractable piping has been 
evaluated side- by-side with other common piping 
materials at various magnifications for surface 
roughness comparison.

Conventional PVC 300x Spears® Low-extractable 300x

Spears® Low-extractable 5000x Conventional PVC 5000x CPVC 5000x

Polypropylene 5000x Brand X Clean PVC 5000x PVDF 5000x


