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 The United States, through the undersigned Assistant United States Attorney, files this 

memorandum regarding the sentencing for Mr. Stoddard.  For the reasons stated below, the 

United States recommends that this Court accept Mr. Stoddard’s guilty plea under Fed. R. Crim. 

P. 11(c)(1)(C) and sentence him to twelve months and one day of incarceration, three years of 

supervised release, and no fine.  Although the parties agree that Mr. Stoddard should pay 

restitution for his clean-up costs and rent, the full amount of rent is still at issue and, therefore, 

the United States recommends postponing the determination of restitution for at least 30 days 

after sentencing to allow the parties to fully investigate the amount required.   
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STATUTORY AND REGULATORY BACKGROUND 

 

 In 1976, Congress amended the Solid Waste Disposal Act by enacting the Resource 

Conservation and Recovery Act (“RCRA”),1 which prohibited the unpermitted disposal of 

hazardous waste upon land.2  By enacting RCRA, Congress established a statutory regime that 

governed hazardous waste from “cradle to grave.”3  In 1986, Congress amended RCRA to 

include felonies, which included storing and disposing of hazardous waste without a permit.4   

FACTUAL BACKGROUND 

 

Mr. Stoddard was the owner of Stone Castle Recycling (“SCR”), which had a facility in 

Clearfield, Utah, among other places.  SCR held itself out as an electronics recycling company 

to which businesses, non-profit entities, and individuals delivered their old computers, monitors, 

televisions, and other electronics to be recycled in a purportedly environmentally-friendly 

manner.  Many of the computer monitors and televisions that SCR received housed cathode ray 

tubes (“CRTs”).  CRTs are known to contain significant quantities of lead.  (See diagram 

below). 

                                                 
1 42 U.S.C. § § 6901 to 6992k. 

2 42 U.S.C. § 6901(b)(3) (1976). 

3 Chem. Waste Mgmt. v. Hunt, 504 U.S. 334, 337 n.1 (1992). 

4 42 U.S.C. § 6928(d)(3). 
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In fact, studies show that the vast majority of CRTs contain hazardous quantities of lead.5   

 Although the hazardous nature of CRT glass has been well-documented, Mr. Stoddard 

officially learned that the CRT glass at his facility was hazardous in January 2013 when he 

received test results from the United States Environmental Protection Agency (“EPA”), which 

were taken from representative samples of CRT glass in Mr. Stoddard’s inventory.  To be 

deemed hazardous under the EPA’s regulations, a representative sample must yield more than 

5.0 mg/L of lead under the Toxicity Characteristic Leachate Procedure (“TCLP”).6  The test 

results for the samples from Mr. Stoddard’s inventory were between 59 and 190 mg/L.  Mr. 

Stoddard was again reminded that his inventory of CRT glass was hazardous waste in May 2013 

after his own internal tests showed lead levels greater than 5.0 mg/L in the samples that his 

                                                 
5 Stephen E. Musson, Yong-Chul Jang, Timothy G. Townsend, & Il-Hyun Chung, 

Characterization of Lead Leachability from Cathode Ray Tubes Using the Toxicity 

Characteristic Leaching Procedure, 34 ENVTL. SCI. TECH. 4375, 4379 (2000) (showing that 

average leachable lead for CRTs for computer monitors and televisions was 18.5 mg/L and 16.5 

mg/L respectively.  If a solid waste exceeds 5 mg/L of leachable lead, it is hazardous waste 

based on the characteristic of toxicity.  40 C.F.R. § 261.30).  (Attached as Exhibit A). 

6 40 C.F.R. § 261.24. 
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employee, Mr. Wood, had taken and sent to the laboratory for testing. 

 In October 2013, the Utah Department of Environmental Quality issued a Notice of 

Violation (“NOV”) to Mr. Stoddard because he, among other things, stored hazardous waste 

without a permit and had deposited several cardboard boxes of CRT glass outside of his 

Clearfield facility.  Specifically, the NOV found that Mr. Stoddard’s operation was generating 

more than 1,000 kg of hazardous waste each month and, therefore, was a “large quantity 

generator.”  As such, SCR was allowed to store hazardous waste onsite for up to 90 days.7  

SCR had accumulated over 3 million pounds of CRT glass, which had been onsite for much 

longer than 90 days, and Mr. Stoddard had never sought a permit.  Exhibit B.  Additionally, the 

NOV noted that the cardboard boxes of CRT glass stored outside were spilling onto the ground.  

Exhibit B.  Subsequent EPA soil samples showed that the lead levels around the boxes stored 

outside were between 6,300 and 7,300 mg/kg for lead, whereas soil from other areas of the 

facility was at 90 mg/kg.   

 In November 2013, Mr. Stoddard responded to the NOV by committing to meet the 

Large Quantity Generator requirements and to bring into the facility the boxes of CRT glass 

stored outside by the end of January 2014.  Lamentably, compliance with the NOV did not 

occur, and Mr. Stoddard was eventually evicted from the Clearfield facility through a proceeding 

in state court.  However, the CRT glass remains onsite.  Consequently, the Grand Jury issued a 

two-count indictment against Mr. Stoddard: one count for disposing of hazardous waste without 

                                                 
7 40 C.F.R. § 262.34(a), (b); Utah Admin. Code R315-3-3.34 (2013). 
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a permit and a second count for storing hazardous waste without a permit.  ECF No. 1.  Mr. 

Stoddard pleaded guilty to storing a hazardous waste without a permit under Fed. R. Crim. P. 

11(c)(1)(C) in which the Mr. Stoddard and the United States agreed that twelve months and one 

day of incarceration was a reasonable sentence.  ECF No. 31.   

Because the United States does not dispute the calculation under the United States 

Sentencing Guidelines (“the Guidelines”), it argues that the factors in 18 U.S.C. § 3553(a) favor 

a sentence of twelve months and one day of incarceration, three years of supervised release, no 

fine, and restitution as a condition of supervised release for disposal costs and lost rent, which 

Mr. Renfro will have to incur as the direct and proximate cause of Mr. Stoddard’s hazardous 

waste storage activities.  However, for reasons explained below, the restitution amount should 

be determined no sooner than 30 days after sentencing.8  The agreed-upon sentence of 

incarceration and supervised release is addressed first, followed by a combined discussion of a 

fine and restitution. 

ARGUMENT 

 

I. A SENTENCE OF TWELVE MONTHS AND A DAY IS APPROPRIATE UNDER 

18 U.S.C. § 3553 

 

This Court should sentence Mr. Stoddard to twelve months and one day of incarceration 

                                                 
8 The United States submitted its restitution calculation for clean-up costs and rent, which were 

included in United States Probation’s addendum to the PSR on January 15, 2019.  The United 

States was not aware of defense’s objection to the rental portion of restitution until January 18, 

2019.  The discussion regarding Mr. Stoddard’s concerns regarding the rent calculation warrant 

further discussion for the reasons stated in text below, which is why a delay of at least 30 days is 

warranted. 
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and three years of supervised release because such a sentence is appropriate under 18 U.S.C. 

§ 3553(a).  Section 3553(a) requires this Court to consider the following factors: (1) the nature 

and circumstances of the offense and the characteristics of the defendant; (2) the need for the 

sentence imposed; (3) the kind of sentences available; (4) the sentencing range under the USSG; 

and (5) any pertinent policy statement.  18 U.S.C. § 3553(a).  Because there are no relevant 

policy statements in the Guidelines and because the Guidelines’ recommended range is discussed 

below with the first factor, only factors (1), (2), and (3) are discussed in separate sections below. 

A. Mr. Stoddard’s Offense and Personal Characteristics Favor the Agreed-Upon 

Sentence. 

 

The nature and circumstances of the offense and Mr. Stoddard’s characteristics favor 

imposing the agreed-upon sentence.  Mr. Stoddard stored over 3 million pounds of hazardous 

CRT glass at his Clearfield facility without a permit.  In terms of relevant conduct, the 

hazardous waste stored outside has entered the soil.  Mr. Stoddard’s actions have caused 

significant difficulties for Mr. Renfro who owns the Clearfield facility and now has to pay to 

clean up the site.  Until Mr. Renfro cleans up Mr. Stoddard’s waste, Mr. Renfro is deprived of 

leasing the facility to some other entity.  Mr. Stoddard failed to take care of the hazardous waste 

that was part of his business and, now, has passed the responsibility to Mr. Renfro.  This 

certainly warrants a sentence of incarceration.   

Although a sentence of incarceration is appropriate, keeping it to twelve months and a 

day is also warranted because this large quantity of CRT glass was not accumulated or disposed 

of for a nefarious purpose such as midnight dumping of hazardous waste to avoid the costs of 
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proper disposal.9  Instead, Mr. Stoddard made some very poor business decisions and knowingly 

failed to follow clear regulations for his operation, which resulted in the storage of so much 

hazardous waste inside his facility that he could not handle it.  Although the circumstances 

surrounding Mr. Stoddard’s knowing storage of hazardous waste warrant incarceration, the 

agreed-upon sentence is a more appropriate remedy than the incarceration range of 30-37 months 

recommended under the Guidelines. 

Additionally, Mr. Stoddard’s characteristics militate in favor of the agreed-upon 

sentence.  Mr. Stoddard has a very minor criminal history and has some health challenges.  

Incarcerating him for the agreed-upon sentence acknowledges the severity of his criminal acts 

and his personal characteristics better than a 30-37 month sentence under the Guidelines.   

B. Twelve Months and a Day Meets the Necessity Factors under Section 3553(a)(2). 

 

The agreed-upon sentence meets the necessity factors under section 3553(a)(2).  When 

analyzing the factors of necessity, this Court should consider: (1) the seriousness of the offense; 

(2) promoting respect for the law; (3) providing just punishment for the offense; (4) deterring 

criminal conduct; (5) protecting the public from the defendant; and (6) providing the defendant 

with necessary training.10  These factors are address summarily below. 

Mr. Stoddard’s offense of conviction is serious and has directly harmed Mr. Renfro, 

which warrants twelve months and one day of incarceration.  This sentence will promote respect 

                                                 
9 See, e.g., United States v. Charles George Trucking, Co., 823 F.2d 685, 688 (1st Cir. 1987) 

(stating that amendments to RCRA sought to “curb[] the problem of ‘midnight dumping’”). 

10 18 U.S.C. § 3553(a)(2). 
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for the law because a business owner being sentenced to a year and a day of prison time will 

cause Mr. Stoddard and other business owners to respect the law.  In addition to incarceration, 

Mr. Stoddard three-year supervision will help ensure that he is complying with the law, which 

includes repaying Mr. Renfro.  18 U.S.C. § 3583(d).  As Mr. Stoddard remains under 

supervision, this will, hopefully, prevent him from engaging in further criminal conduct.   

Moreover, prison time and three years of supervised release will also deter those business 

owners and managers engaged in handling hazardous materials from ignoring the governing 

regulations concerning those materials.  Indeed, when business owners serve prison time, their 

peers take notice because the price of knowingly violating the governing regulations becomes 

too high.  Also, because Mr. Stoddard is neither violent nor engaging in wide-spread fraudulent 

behavior toward the public, the agreed-upon sentence of incarceration and supervision is 

appropriate.  Finally, Mr. Stoddard may be able to receive more vocational training in prison, 

which will enable him to further his carpentry skills in preparation for his release from prison so 

that he can pay restitution to Mr. Renfro.   

C. Incarceration and Supervision are the Only Sentences Available for Mr. 

Stoddard’s Offense. 

 

Because the Guideline calculations for Mr. Stoddard’s offense of conviction falls well 

within Zone D, incarceration is the only appropriate sentence under the Guidelines.  U.S.S.G. 

§ 5C1.1(f) (“If the applicable guideline range is in Zone D of the Sentencing Table, the minimum 

term shall be satisfied by a sentence of imprisonment.”).  The agreed-upon sentence places Mr. 

Stoddard in prison for a time that is consistent with the nature of his offense and the other factors 

described above.  Therefore, the agreed-upon sentence of twelve months and a day with three 
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years of supervised release is appropriate under 18 U.S.C. § 3553(a). 

II. THIS COURT SHOULD NOT IMPOSE A FINE AND SHOULD IMPOSE 

RESTITUTION AFTER POSTPONING THAT DETERMINATION FOR AT 

LEAST 30 DAYS. 

 

In addition to the required $100 special assessment fee,11 this Court should impose 

restitution as a condition of supervised release but should not impose a fine.  The parties agree 

that restitution is appropriate, ECF No. 31, and, given Mr. Stoddard’s financial situation, paying 

a fine would interfere with his ability to pay restitution.  Where paying a fine interferes with 

restitution, Congress requires the fine to be waived.12       

As to restitution, the offense of conviction in this action is neither cognizable as 

mandatory restitution under 18 U.S.C. § 3663A nor as discretionary restitution under 18 U.S.C. 

§ 3663 because to be cognizable under either of the foregoing restitution statutes, the offense of 

conviction must fall under Titles 18, 21, or 49.13  Mr. Stoddard’s offense of conviction is under 

Title 42, which means that restitution is discretionary with this Court and can be imposed only as 

a term of supervised release.14   

To determine whether to exercise its discretion to impose restitution as a condition of 

probation, this Court must consider whether there is a “victim” of Mr. Stoddard’s offense of 

                                                 
11 18 U.S.C. § 3013(a)(2)(A). 

12 18 U.S.C. § 3572(b) (stating that a court “shall impose a fine or other monetary penalty only 

and to the extent that such fine or penalty will not impair the ability of the defendant to make 

restitution”). 

13 18 U.S.C. § 3663(a)(1)(A); 18 U.S.C. § 3663A(c). 

14 18 U.S.C. § 3583(d). 
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conviction.  A “victim” is an entity that is “directly and proximately harmed as a result of the 

commission of an offense.”15  Mr. Renfro is directly and proximately harmed as a result of Mr. 

Stoddard’s storage of hazardous waste because Mr. Stoddard’s unmitigated storage must now be 

cleaned up and, until that occurs, Mr. Renfro is unable to collect rent for the property.  

Therefore, Mr. Renfro is a victim of Mr. Stoddard’s offense of conviction. 

First, restitution is appropriate in the amount of $226,791.30 for clean-up costs.  “When 

calculating restitution . . . absolute precision is not required.”16  Instead, “[a] sentencing court 

may resolve restitution uncertainties ‘with a view towards achieving fairness to the victim,’ so 

long as it still makes a ‘reasonable determination of appropriate restitution’ rooted in a 

calculation of actual loss.”17  As shown in Exhibit C, Mr. Renfro submitted an estimate of how 

much it will cost to transport and legally dispose of the CRT glass on his facility.  Currently, 

there are approximately 1,563 tons of CRT glass at the facility.  As shown in Exhibit C, 

transportation and disposal of the CRT glass costs $145.10 per ton.  Therefore, transportation 

and disposal costs amount to $226,791.30.  Based on the United States’ understanding, Mr. 

Stoddard does not dispute this amount. 

Second, because Mr. Stoddard’s stored CRT glass is still onsite, Mr. Renfro has been 

unable to lease the facility to others.  Under Utah’s forcible detainer statute, Mr. Refro would be 

entitled to back rent and, potentially, treble damages.18  However, under Utah law, Mr. Renfro 

                                                 
15 United States v. Speakman, 594 F.3d 1165, 1169 (10th Cir. 2010).   

16 United States v. Gallant, 537 F.3d 1202, 1252 (10th Cir. 2008).   

17 Id. (citation omitted). 

18 Utah Code Ann. 78B-6-811(3); Aris Vision Inst., Inc. v. Wasatch Prop. Mgmt., Inc., 143 P.3d 
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also has an obligation to mitigate his damages by using his best efforts to have re-leased the 

property.19  The parties are still attempting to determine whether the rent that Mr. Renfro seeks 

would be appropriate considering his and Mr. Stoddard’s respective legal duties.  Additionally, 

the parties are determining whether treble damages are cognizable under the law governing 

federal restitution.   

Given the complexity of this inquiry, allowing the parties at least 30 days to finalize this 

determination would be appropriate.  Congress provided that where, as here, restitution is not 

able to be determined within 10 days of sentencing, “the attorney for the Government or the 

probation officer shall so inform the court, and the court shall set a final date for the final 

determination of the victim’s losses, no to exceed 90 days after sentencing.”  18 U.S.C. 

§ 3664(d)(5).  Given the legal concerns mentioned above that were recently brought to the 

United States’ attention, restitution as to rent is not able to be determined within 10 days of 

sentencing and, therefore, should be postponed until at least 30 days from the date of sentencing 

to allow the parties to determine the appropriate amount of rent that Mr. Stoddard owes to Mr. 

Renfro.   

CONCLUSION 

 

 For the reasons stated above, this Court should impose a sentence of twelve months and 

one day of incarceration, three years of supervised release, no fine, and restitution to be 

determined no sooner than 30 days from sentencing.  

                                                 

278, 282 (Utah 2006). 

19 Olympus Hills Shopping Ctr., Ltd. v. Landes, 821 P.2d 451, 455-56 (Utah 1991).   
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 DATED this 22d day of January 2019. 

   JOHN W. HUBER 

   United States Attorney 

 

         /s/ Jared C. Bennett    

         JARED C. BENNETT 

         Assistant United States Attorney 
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Characterization of Lead Leachability
from Cathode Ray Tubes Using the
Toxicity Characteristic Leaching
Procedure
S T E P H E N E . M U S S O N , Y O N G - C H U L J A N G ,
T I M O T H Y G . T O W N S E N D , * A N D
I L - H Y U N C H U N G

Department of Environmental Engineering Sciences,
University of Florida, Gainesville, Florida 32611-6450

Cathode ray tubes (CRTs) in television and computer
monitors are one of the most common components of
discarded electronics in the solid waste stream. CRTs
present a disposal problem because of their growing
magnitude in municipal solid waste (MSW) and their role
as a major source of lead in MSW. Using the EPA
Toxicity Characteristic Leaching Procedure (TCLP), lead
leachability from CRTs was studied. Lead leached from the
CRT samples at an average concentration of 18.5 mg/L.
This exceeded the regulatory limit of 5.0 mg/L. Several factors
affected the lead concentrations of each CRT sample.
These included the sample fraction of the CRTs, the particle
size used in the tests, and the CRT type. The most
significant quantities of lead were obtained from the
funnel portion of the CRTs at an average lead concentration
of 75.3 mg/L. The major source of lead in the funnel is
the frit seal of color CRTs. Samples containing the frit seal
had lead leaching levels nearly 50 times those without.
Samples comprised of smaller particle sizes exposed a
greater surface area resulting in higher lead leaching levels.
While 21 of 30 color CRTs exceeded regulatory lead
limits, none of the six monochrome CRTs did. Age of the
CRTs was not a significant factor for lead leaching. These
results provide useful information to the regulatory and
waste management community for developing policies for
managing discarded CRTs.

Introduction
The management of discarded electronics is an issue of
concern to solid waste management professionals. In 1996,
the computer and electronics industry comprised 11% of the
gross domestic product and was growing at an annual rate
of 4%, with computer sales growing 15% annually (1, 2).
Cathode ray tubes (CRTs) in televisions and computer
monitors are one example of discarded electronics now
recognized as a disposal problem. In 1996, there were over
300 million existing CRTs (TVs and monitors) in North
America. Meanwhile, in that same year, 42 million new
CRTs were sold in the U.S., and 79 million computers were
retired (3).

The rapid development of computer technology has
resulted in frequent consumer replacement of computer
monitors. It is estimated that for every three new computers

purchased, two currently used units will become obsolete.
That ratio is expected to increase to 2:1 by 2005 (2). The
future transition from analogue to digital high-definition
televisions will also result in increased disposal of television
CRTs.

CRTs are the technology used in most televisions and
computer display screens. A CRT uses high voltages to
accelerate electrons toward a luminescent material called a
phosphor. The phosphor is deposited on the facepanel and
emits light upon excitation from the electrons. The electron
guns require a high vacuum to achieve long life; thus the
envelope must have sound mechanical integrity to resist the
force of atmospheric pressure. The high voltages used to
accelerate the electrons must be insulated from the external
surfaces. Therefore the envelope must also have excellent
electrical insulating properties. The decelerating electrons
emit X-rays and the envelope must be a good X-ray absorber.
To achieve all of these requirements a lead-impregnated glass
is used for the construction of the tube. The lead, added in
the form of lead oxide, provides the shielding necessary for
the X-rays produced (4, 5).

The internal composition of a color CRT requires an
envelope that can be opened for deposition of the phosphor
screen and other components. The two halves of the envelope
are mated with a high-lead solder glass called the frit.
Monochrome tubes for direct view or projection can be made
from one-piece bulbs without using the frit glass seal. The
lead content of the CRT is predominantly confined to the
neck and funnel of the CRT, and the frit seal if used. The
industry uses both a lead free and a 2% to 3% lead facepanel
composition with a trend toward increasing the use of the
no-lead composition. The approximate lead content, by mass,
for color and monochrome CRTs is shown in Table 1 (4, 6).

Television and computer CRTs present a disposal problem
because of their growing magnitude in the waste stream and
their role as a major source of lead in municipal solid waste
(MSW). Lead’s toxic effects are known, specifically its effects
upon the development of children. The leading source of
lead in MSW is lead-acid batteries, comprising 138,000 tons
and 65% of lead discards in 1986. Without recycling, batteries
would contribute up to 700,000 additional tons of lead.
Consumer electronics accounted for 27% of lead discards in
MSW in 1986 and are projected to make 30% of lead discards
by 2000 (7). CRTs are the main source of lead in electronics.
By 2000, CRTs are projected to contribute 29.8% of all lead
in MSW (98.7% of lead from electronics) (7).

Consumer electronics are not recycled to the same large
extent as lead-acid batteries. Instead, management of
discarded electronics, including CRTs, takes place through
the traditional methods of municipal solid waste (MSW)
management: landfilling and incineration. When disposed
in landfills, increased concentrations of heavy metals in
landfill leachate may occur. When discarded electronics are
disposed at waste-to-energy facilities, the heavy metals
become concentrated in the ash, limiting disposal and reuse
options. Thus CRTs are now being targeted for removal from

* Corresponding author phone: (352)392-0846; fax: (352)392-
3076; e-mail: ttown@eng.ufl.edu.

TABLE 1. Lead Content in Various CRT Glass Components by
Mass (4, 6)

glass color CRT (%) monochrome CRT (%)

panel 0-3 0-3
funnel 24 4
neck 30 30
frit 70 N/A
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the MSW stream and for subsequent recycling (8). On April
1, 2000 Massachusetts banned all CRTs from landfills.

The management options and requirements for solid
wastes in the U.S. depend largely on whether the solid waste
is characterized as hazardous. The Toxicity Characteristic
Leaching Procedure (TCLP) is the regulatory method required
when determining whether a solid waste is hazardous from
leaching of hazardous pollutants (9). CRTs have been
anecdotally referred to as failing the TCLP for lead, but the
results of TCLP analysis are not available in the scientific
literature (3, 10-12). While a number of problems have been
cited with the TCLP in regard to its true representation of
environmental conditions (13), the test has been found in
recent work to leach many heavy metals (including lead) in
a manner similar to domestic landfill leachate (14), the
intended result of the test.

This paper reports the results of a study examining lead
leachability from CRTs using the TCLP. The objectives of
the research were to determine if CRTs exceed the 5 mg/L
toxicity characteristic concentration for lead and to examine
several factors that impacted lead leaching (particle size,
sample mass, sample location). The objectives did not include
any attempt to characterize the actual environmental impact
under different disposal scenarios. Regardless of whether
the TCLP truly reflects environmental conditions encountered
by CRTs upon disposal, the classification as hazardous does
have an impact on how CRTs may be managed in the current
U.S. regulatory system. If CRTs are truly a hazardous waste
as often anecdotally cited, regulators would have additional
options to require removal from the waste stream. Since the
cost of hazardous waste management is much greater than
MSW management, recycling becomes a more cost-effective
alternative. Regulations to encourage their reuse and re-
cycling, such as the universal waste rules, could be applied
(15).

Methods and Materials
Experimental methods included preparing the CRT samples,
conducting the TCLP, and leachate analysis. Two separate
leaching experiments were performed: Experiment 1 and
Experiment 2. Experiment 1 was the initial investigation of
lead leaching from CRT glass samples using the TCLP.
Experiment 2 examined the effect of particle size (large
fraction vs small fraction), sample heterogeneity, sample
mass, and the frit on the lead concentration in the TCLP
leachate.

Experiment 1. Sample Preparation. Over 10 weeks,
televisions and computer monitors were collected from
individual donations, electronics repair facilities, an elec-
tronics manufacturer, and institutional electronics disposal.
To observe any changes in TCLP leachable lead levels with
age, collected monitors and televisions were grouped into
three categories by date of manufacture: 1988 and earlier,
1989 to 1993, and 1994 to 1998. Eleven to thirteen CRTs were
collected from each group, utilizing televisions and computer
monitors. The brand of each computer monitor or television
was recorded. Following disassembly, the CRT manufacturer
was also recorded.

Each CRT was divided into three sections to compare
lead leachate concentrations of each CRT section. The
sections consisted of the neck, the funnel, and the facepanel
(Figure 1). After carefully breaking the glass seal at the cathode
connection point to release the tube vacuum, the sections
were scored using a diamond tipped rotary cutting tool. The
neck was scored two to three centimeters below the point
it flared. The funnel was scored between the frit seal (color
monitors) or support frame (monochrome) and the facepanel.
The score was tapped with a screwdriver and hammer to
cause the CRT to break along the scored lines. The mass of
the complete CRT, the neck, and the funnel were recorded.

The mass of the facepanel was computed by subtracting the
funnel and neck mass from the total mass.

Leaching Tests and Analysis. Once divided, each section
was reduced in size as required by EPA SW 846 Method 1311,
the Toxicity Characteristic Leaching Procedure (16). Each
section was tested separately (i.e. the neck, funnel, and
facepanel were analyzed individually). A portion of each
section (two or three pieces between 200 and 500 g) was
placed in a stainless steel bowl. The glass was covered by a
cloth for protection and manually crushed with a standard
hammer. Intermittently, the crushed glass was separated
through a 9.5-mm sieve and the remaining large fraction
returned to the bowl for further crushing. Unused glass
portions were retained for later testing.

One hundred grams of each size-reduced CRT sample
was then loaded into an extractor bottle (high-density
polyethylene (HDPE)). To determine the appropriate extrac-
tion fluid for the TCLP test, a preliminary test was per-
formed to measure the pH of the CRTs samples (5 g of
CRT sample:96.5 mL of reagent water) (16). Since the pH of
all samples was less than 5, TCLP extraction fluid #1 was
selected. Two thousand grams of extraction fluid (5.7 mL of
glacial acetic acid in 500 mL reagent water per 64.3 mL of
1 N sodium hydroxide solution, diluted to a volume of 1 L)
with a pH of 4.93 ( 05 was added to the extraction vessel.
The sample was rotated at 30 rpm for 18 ( 2 h in a 12 vessel
rotary extractor (Analytical Testing Corporation). The extract
was filtered through a glass fiber filter of 0.8-µm pore size
and the sample preserved using 2 mL of nitric acid per
500 mL of sample. The extracts were stored at 4 °C until
digestion. EPA method 3010A (Acid Digestion of Aqueous
Samples and Extracts for Total Metals for Analysis by FLAA
or ICP Spectroscopy) was used to digest the samples (16).
The digested samples were analyzed to determine lead
concentration using Flame Atomic Absorption Spectro-
photometry (Perkin-Elmer Model 5100 AAS). EPA method
7420 was used to analyze the digested samples (16).

Experiment 2. Experiment 2 was conducted to examine
the variability of lead concentrations observed during
Experiment 1. First, the effect of sample composition
including particle size and sample heterogeneity on lead
leaching from the CRT samples was investigated. Second,
three different sample masses were used to explore the effect
of sample mass on lead leaching. Sample preparation, the
TCLP leaching test, and the analytical methods in Experiment
2 were the same as those in the Experiment 1 (unless
otherwise noted).

Examination of Particle Size Effect. To measure the
impact of particle size and CRT funnel heterogeneity on
lead leaching levels, the funnel fraction of three CRTs
from Experiment 1 was selected for additional testing. In
Experiment 1, the three CRTs chosen possessed different
funnel lead concentrations (high, moderate, and low levels).
All remaining portions of the funnels not crushed in
Experiment 1 were crushed and sieved into two size fractions,
4.75 mm to 9.5 mm and 4.75 mm and smaller. By including
the entire funnel a more representative sample was achieved

FIGURE 1. Sample locations of CRTs.
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than those taken in Experiment 1 that had included only a
randomly chosen portion. The two size fractions allowed
an examination of particle size while ensuring that the
samples continued to meet the requirements of the leaching
procedure. For each of the three CRT funnels evaluated, three
samples of the large fraction and three samples of the small
fraction were extracted and analyzed to check repeatability.
This produced six lead leachate measurements per CRT
funnel.

Examination of Sample Size. One CRT funnel from
Experiment 1 was selected to further investigate the effect
of sample size on the variability of lead leaching. This step
also examined if the minimum of 100 g mass per sample
required by TCLP was appropriate to represent lead leaching
in CRTs. All remaining portions of the funnel were crushed
and sieved into the two particle size groups. The samples
were carefully mixed with a stainless steel scoop and bowl
for 10 min. Three different masses of the sample were chosen,
40 g, 70 g, and 100 g. Masses greater than 100 g were not
possible due to the volume limitations of the extractor bottles.
Three samples of each mass were extracted and analyzed
using the same solid-to-liquid ratio (1:20 by mass) for a total
of nine samples.

Results and Discussion
Lead Leaching of CRTs in Experiment 1. A total of 36 CRTs
were processed and analyzed. CRT screen size ranged from
18 cm (8 in.) to 63 cm (27 in.). As shown in Figure 1 each tube
was divided into three sections: the neck, the funnel, and

the face. The average glass composition of the CRTs by mass
was 4.9% neck, 25.2% funnel, and 69.9% face.

The pH of the leaching solution, an important controlling
factor in the leaching of heavy metals from wastes, was
measured for each TCLP performed. The leaching behavior
of lead is typically characterized by the greatest amount of
leaching at low pH values, a minimum leachability observed
at pH values in the range of 9 to 10, and an increased degree
of leachability at pH values above 11 (14). The change in pH
during the TCLP was minor. The initial pH of all TCLP
extraction solutions was 4.93 ( 0.05, and the final pH ranged
from 4.80 to 5.20.

Table 2 presents the lead concentrations of the TCLP
leachate for all samples tested during Experiment 1. Generally,
the highest concentrations of lead were obtained from the
funnel fractions. Leachate from these fractions had an average
lead concentration of 75.3 mg/L. The average concentration
of lead obtained from the neck fractions was 8.6 mg/L. No
lead was detected from the face of the CRTs excluding one
sample at a concentration of 8.0 mg/L, resulting in an average
TCLP lead concentration for all facepanel glass of 0.22 mg/L.
Based upon the percentage of glass by weight in each section,
a weighted average for each complete CRT was computed.
The weighted average TCLP lead concentration of the
complete CRTs was 18.5 mg/L. The 99% confidence interval
for all CRTs was 9.1 mg/L to 28.0 mg/L. This concentration
exceeds the regulatory limit of 5.0 mg/L for TCLP lead (9).

Table 3 provides a summary of results by CRT charac-
teristic. Twenty-one of 30 color CRTs exceeded 5.0 mg/L

TABLE 2. Summary of TCLP Leachable Lead Concentrations for All Samples

leachable lead concentration (mg/L)

maker TV/MON color/ mono year man. tube maker neck funnel face weighted av

Acer MON C 93 Panasonic 9.5 347.3 <1.0 57.2
Digital MON M 90 Clinton 4.2 <1.0 <1.0 <1.0
Elite MON C 92 Chunghwa 9.7 81.2 <1.0 19.3
Emerson TV C 84 Goldstar 6.5 6.6 <1.0 1.5
Gateway MON C 93 Toshiba 9.0 9.2 <1.0 3.2
Gateway MON C 92 Toshiba 12.8 174.5 <1.0 54.1
Hp MON M 84 Matsushita <1.0 <1.0 <1.0 <1.0
Hp MON M 85 Matsushita 1.7 <1.0 <1.0 <1.0
IBM MON C 87 Matsushita 9.5 38.4 <1.0 9.4
IBM MON C 89 Panasonic 9.5 142.9 <1.0 41.5
IBM MON M 92 Phillips 1.1 <1.0 <1.0 <1.0
Imtec MON C 89 Samsung 8.2 200.6 <1.0 60.8
Imtec MON C 89 Hitachi 13.6 403.6 <1.0 85.6
Memorex MON C 97 Toshiba 10.1 103.0 <1.0 21.3
Memorex MON C 97 Kch 12.7 49.4 <1.0 15.4
Memorex MON C 98 Samsung 7.0 25.7 <1.0 6.1
Memorex MON C 98 Chunghwa 10.9 7.8 <1.0 2.3
Memorex MON C 97 Toshiba 8.4 34.9 <1.0 9.1
Memorex MON C 98 Samsung 7.1 7.1 <1.0 2.2
Memorex MON C 97 Chunghwa 8.3 35.3 <1.0 10.6
NEC MON C 87 NEC 11.3 50.3 <1.0 10.7
Orion TV C 96 Orion 9.1 132.5 <1.0 33.1
Panasonic TV C 84 Matsushita 22.4 11.8 <1.0 3.5
Quasar TV C 84 Quasar 13.6 182.4 <1.0 43.5
Samsung MON M 89 Samsung <1.0 <1.0 <1.0 <1.0
Seiko MON C 87 NEC 9.1 100.0 8.0 26.6
Sharp TV C 94 Sharp 8.7 16.4 <1.0 4.4
Sharp TV C 84 Sharp 7.9 6.0 <1.0 1.5
Tandy MON C 85 Sharp 17.6 116.1 <1.0 35.2
Techmedia MON C 95 Samsung <1.0 20.1 <1.0 6.9
Teknika TV M 86 Phillips 1.6 <1.0 <1.0 <1.0
Ttx MON C 91 Chunghwa 7.5 10.0 <1.0 2.8
Zenith TV C 94 Zenith 18.3 198.8 <1.0 54.5
Zenith TV C 94 Zenith 15.8 7.1 <1.0 1.6
Zenith TV C 77 Zenith <1.0 97.7 <1.0 21.9
Zenith MON C 85 Toshiba 7.5 92.1 <1.0 21.5
av 8.6 75.3 <1.0 18.5
a Weighted average was calculated based on the total mass of each fraction of the crushed CRT samples in Experiment 1.
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with an average leachate lead concentration of 22.2 mg/L.
For color CRTs, the 99% confidence interval was 12.6 to 31.9
mg/L. However, monochrome CRTs did not exceed the
regulatory limits; with an average leachate lead concentration
below detectable limits.

The TCLP lead concentrations were more variable than
originally expected. This variability was especially noted for
some CRTs of the same manufacture of the same year. For
example, for two CRTs of identical manufacturer, model,
and year of manufacture, the funnel section of one leached
7 mg/L, while the other leached nearly 200 mg/L. Due to this
variability, the tests of Experiment 2 were necessary to
determine potential causes.

ANOVA analysis of the three age groups (1988 and before,
1989-1993, 1993-1998) yielded an F value of 3.23 and a
p-value of 0.0385. Based on the statistical analysis, there was
a significant difference between the CRTs from 1989 to 1993
and the other two age groups. However, no significant
changes in CRT construction were found during these years.
Instead, the difference is more likely due to sample hetero-
geneity or variability in the sample composition.

Sample Heterogeneity. A substantial cause of variability
identified by Experiment 2 was sample heterogeneity result-
ing from the frit seal of color CRTs. During Experiment 2,
two samples from a CRT funnel containing the frit seal were
compared with two samples containing the glass solely. The
leachate lead concentration of the funnel samples containing
the frit (492 mg/L, 575 mg/L) were nearly 44 times more
than the samples containing the glass only (10.8 mg/L,
13.3 mg/L). Thus, when sampling a CRT, the amount of the
frit contained in the sample makes a large difference in the
measured lead level.

The effect of the frit on leachate lead levels was observed
in several aspects of Experiment 1. The funnel, which is
comprised of 24% lead for color CRTs and only 4% lead for
monochrome CRTs (Table 1), would be expected to leach
lower amounts of lead than the neck which is comprised of
30% lead for both types. In Experiment 1 this was true for
all monochrome CRTs; however, for color CRTs it was true
for only 4 out of 30.

The frit seal of color CRTs results in higher funnel lead
leachate values, causing the color CRTs, unlike monochrome,
to exceed 5 mg/L. The frit seal contains a large amount of
lead. Color CRT funnels in Experiment 1 that contained a
portion of the frit seal would result in lead concentrations
higher than the neck samples. Monochrome CRTs, lacking
the frit seal, had leachate levels from the neck higher than
those from the funnel. During Experiment 1, the effect of the
frit on leachate values was unknown. Therefore, no effort
was made to standardize the amount of frit in the funnel

samples. Thus variations in the amount of frit in a sample
would cause large variations in measured lead leachate
concentrations. Inclusion of a portion of frit is theorized as
the cause of the single face panel sample with a measurable
lead level (8.0 mg/L).

Throughout Experiment 2, it was noted that CRT funnels
that had displayed low lead leachate levels in Experiment 1
produced higher concentrations in Experiment 2. In Experi-
ment 1, samples were derived from a random portion of the
CRT funnel. This sampling method produces heterogeneity
between funnel samples. Some samples may contain larger
portions of the high lead frit than others, thus causing a
difference in lead leachate levels. Experiment 2 samples were
derived from the entire funnel and thus were more likely to
contain similar amounts of the frit. The lack of inclusion of
the frit in color CRT samples in Experiment 1 is hypothesized
as the reason that 9 of the 30 color CRTs did not exceed the
5 mg/L toxicity limit. Lead leachate tests of Experiment 2
show that well-mixed representative samples of all color CRTs
surpass the toxicity limit when the frit seal is included.

Particle Size Effect. Another contributing factor to the
variability in lead leaching levels observed in Experiment 1
is particle size. The results of the particle size study (large
size vs small size) conducted in Experiment 2 are displayed
in Figure 2. All three CRT funnels tested displayed higher
lead leachate levels for smaller particle sizes than for larger
particle sizes. When more surface area was exposed due to
the smaller particle size of the samples, more lead leached
from the samples. This demonstrates an inability of the
leaching solution to penetrate the CRT glass.

The variability in measured lead leachate concentration
was greater for large particle size samples than for small
particle size samples. The relative standard deviations for
the small particle samples were 53.4%, 20.9%, and 35.9%.
For large particle sizes of the same CRTs, the relative standard
deviations rose to 57.2%, 40.1%, and 73.8% respectively. Thus
small particle sizes promote a more homogeneous sampling
method and provide greater precision in measurement.

Sample Mass Effect. The results of the particle size
testing continued to show variability even among triplicate
measurements. Despite sieving to more uniform particle
size and inclusion of the entire funnel to develop a more
representative sample, measurements continued to display
noteworthy variability. The sample mass was tested as a factor
in obtaining a representative sample.

TCLP requires a minimum of 100 g of sample. A 100 g
sample is placed in 2000 g of extraction fluid in a 2-L extraction
vessel (1:20 ratio by weight). In Experiment 2, three different
sample masses (40 g, 70 g, and 100 g) were used to test the
effect of sample mass and particle size on lead concentrations
in TCLP leachate. The same solid-to-liquid ratio of 1:20 was
maintained for all samples. The results reconfirm the effect
of sample heterogeneity on lead leachability. The larger the
sample mass chosen, the greater precision between samples
was obtained. This is demonstrated in Figure 3. As the sample
mass was increased, the relative standard deviations of the
results decreased. It is expected that sample masses greater
than 100 g will provide more homogeneous samples, lower
standard deviations, and more repeatable results. Ideally,
samples would contain a large percentage of the total mass
of the CRT crushed to a uniform size.

The results also support the previous particle size testing.
For all 40 g, 70 g, and 100 g samples tested, smaller particle
size samples (<4.75 mm) yielded lead leachate levels two to
four times higher than samples using larger particle sizes
(4.75 mm to 9.5 mm). Again, a greater surface area results
in greater lead leaching demonstrating that the leachate
solution has limited penetrability of the CRT glass.

CRT Disposition. Conclusions beyond those stated above
in regard to the implications of the lead leaching from CRTs

TABLE 3. Summary of Results by CRT Characteristic

category
no. of

samples

no. of
exceeding
regulatory

limits

av
leachable

lead concns
(mg/L)

all CRTs tested 36 21 18.5
televisions 10 4 16.5
computer monitors 26 17 19.3
CRTs - 1988 and before

(color CRTs)
13 (10) 7 (7) 13.5 (17.5)

CRTs - 1989 to 1993
(color CRTs)

11 (8) 6 (6) 29.5 (40.6)

CRTs - 1994 to 1998
(color CRTs)

12 (12) 8 (8) 13.9 (13.9)

color CRTs 30 21 22.2
monochrome CRTs 6 0 <1.0

a As measured by EPA Method 1311, Toxicity Characteristic Leaching
Procedure.
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were not the objective of this research. The fact that the
TCLP test may not represent the true condition of CRTs upon
disposal was not an issue of discussion in this research. TCLP
is the required regulatory test. Other leaching tests, such as
the synthetic precipitation leaching procedure (SPLP), would
also provide valuable information regarding the leaching of
lead from CRTs because the pH of the leaching fluid may
play a significant role.

Since monochrome CRTs do not fail the TCLP test, they
are not considered hazardous waste; therefore, their disposal
does not have to be managed as such. These CRTs are still
considered solid waste. Although 9 of the 30 color CRTs were
also less than regulatory lead levels, 21 of 30 samples did
exceed regulatory levels. Therefore, color CRTs found in
computer monitors and televisions may exceed the regulatory
levels for lead given in Title 40 CFR 261.24 definition for the
toxicity characteristic. These CRTs should be considered
hazardous waste, and their disposal should be managed
accordingly.

The magnitude of CRTs being disposed will increase in
the future and appropriate management of these devices
needs to be addressed. Anecdotal references to CRTs failure
of TCLP are no longer necessary. The results of this study
remove all doubts as to whether color CRTs exceed the
hazardous waste characteristic level for lead using the TCLP.
Color CRTs as a hazardous waste will now require significantly
higher costs for disposal than previous simple MSW methods
of incineration or landfilling. The increase in disposal costs
may generate an increased demand for recycling and reuse
of CRTs. Additionally, special regulatory treatment of CRTs,
such as inclusion in the Universal Waste Rule, would further
enhance CRT recycling by further reduction in handling costs.
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Clean Harbors Environmental Services, Inc. 

2150 NORTH 470 EAST 

TOOELE, UT 84074 

www.cleanharbors.com 

 

October 3, 2018 

 

Andy Renfro 

Stonecastle - CRT Glass 

 

RE: Stonecastle (Clearfield, UT) – Pricing Estimate Transportation & Disposal 

CRT Glass. 

 

Dear Mr. Renfro: 

 

Thank you for considering Clean Harbors Environmental Services, Inc. (Clean Harbors) 

for your waste management needs. We are pleased to provide you with ESTIMATED 

pricing for the following waste stream. This estimate is based upon the information that 

you have provided. 

 

If you have any questions or need further assistance, you may reach me at the number 

below. 

 

Sincerely, 

Chuck O Lawrence 

Technical Service Account Manager 

Phone: 801.597.0283 

 

DISPOSAL 
Profile / Waste Code Waste Description Price / UOM 

Microencapsulation (CCSM) TV'S, COMPUTER MONITORS, CRT GLASS & MISC. DEBRIS WITH 

LEAD 

 

$110.00 or Container./ Ton $1650 Minimum Per load  
 

TRANSPORTATION 
Transportation Hub Vehicle Type Unit Rate Unit of Measure 

Grassy Mountain, UT Facility Dump Trailer with Operator – 30 Ton Truck & Pups 

 

$35.10 Ton 
 

(1) A demurrage charge of $107.00 per hour will apply for each hour in excess of 1 hour loading. 

(2) 30 tons minimum/load. 

 

Accessorials 
Dump Trailer Poly Liner $91.00 Each 

Bin Top Stabilization (if required) $300.00 Each 

Washout of Rolloff, Intermodal or Dump Trailer - $250.00 Each 
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GENERAL CONDITIONS 

1. Except where superseded by an existing services agreement the following terms and 

conditions apply to this quoted business. 

2. Prices firm for 30 days. 

3. Terms: Net 15 Days 

4. Interest will be charged at 1.5% per month or the maximum allowed by law for all past 

due amounts. 

5. Disposal will be managed within the Clean Harbors Network of Approved Facilities. 

6. Local, state and federal fees/taxes applying to the generating location/receiving 

facilities are not included in disposal pricing and will be added to each invoice as 

applicable. 

7. Materials subject to additional charges if they do not conform to the listed 

specifications. 

8. Surcharges are applied to the total quantity shipped, not to any prorated portion of the 

shipment. 

9. All containers must be marked with Clean Harbors' profile number. 

10. Tank wash does not include an entry. If one is required, additional charges will apply. 

11. Clean Harbors supports many invoice delivery options (E-mail, Electronic Invoicing, 

EDI, Etc.).  Pricing is based on Clean Harbors' standard invoice delivery method of E-

mail. If another delivery method is required there could be an additional service fee per 

invoice. Any alternate delivery methods must be reviewed and approved by Clean 

Harbors prior to acceptance and 

implementation. 

14. Quoted minimums are per container. 

15. A variable Recovery Fee (that fluctuates with the DOE national average diesel price), 

currently at 13.5%, will be applied to the total invoice. For more information regarding 

our recovery fee calculation please go to: www.cleanharbors.com/recoveryfee. 

16. Pickups that require same day or next day service may be subject to additional 

charges. 

17. Pickups cancelled within 24 hours of the scheduled job date will be billed 50% of the 

quoted transportation rate. 

18. Pickups cancelled subsequent to the driver being dispatched will be billed at 100% of 

the quoted transportation rate. 

19. In the event that legal or other action is required to collect unpaid invoice balances, 

Customer agrees to pay all costs of collection, including reasonable attorneys' fees, and 

agrees to the jurisdiction of the Commonwealth of Massachusetts. 

21. On June 30, 2018 the EPA activated the E-Manifest system. The EPA will charge the 

receiving TSDF a fee per manifest. To cover the cost of the E-Manifest, Clean Harbors 

will charge $10 per 

manifest on every invoice. 
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WASTE CLASSIFICATIONS SPECIFICATIONS 
Waste Code Description 

CCSM  - TV'S, COMPUTER MONITORS, CRT GLASS & MISC. DEBRIS WITH LEAD 

Intended for treatment using the alternate treatment 

standard for debris 

Must be less than 3' by 3' 

No cyanides above LDR standards 

No free liquids or non debris organic solids 

Flashpoint greater than 140 F 

PRIMARY DISPOSAL METHOD: MICROENCAPSULATION 
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