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Executive Summary

At the request of the DTSC Regulatory Program and Development Division (RPDD),
Hazardous Waste Management Program, the Hazardous Materials Laboratory (HML)
arranged for the testing of selected waste electronic devices (e-waste) to determine the
total and extractable concentrations of regulated elements for comparison with
hazardous waste criteria. Seven electronic product types (microwave ovens, VCRSs,
printers, CPUs, cell phones, telephones, and radios) were identified and, from each
product type, four devices of various brands and models were collected by RPDD and
submitted for analysis.

A protocol was developed to address the particular challenges of the e-waste samples.
Devices were dismantled individually, and components classified into millable parts
(plastic casings and printed circuit boards without capacitors or batteries), and non-
millable parts (metal frames, rods, capacitors, batteries and other metal parts). The
weights of the millable and non-millable components were recorded. All millable
components were ground to pass a 2mm sieve and mixed well. Representative sub-
samples were digested using EPA Method 3050, or extracted using the Toxicity
Characteristic Leaching Procedure (TCLP), or extracted using the California Waste
Extraction Test (WET). Results were extrapolated to the entire device based on relative
weights and with the assumption that non-millable components did not contain any
regulated elements.

Results indicate that all the product types tested clearly exceeded at least one
hazardous waste criterion. Lead was the most common element exceeding its limits.



Introduction

At the request of the Regulatory Program and Development Division (RPDD),
Hazardous Waste Management Program, the Hazardous Materials Laboratory (HML)
arranged for the testing of electronic devices to determine the total and soluble
concentrations of regulated elements for comparison with hazardous waste criteria in
Title 22, Chapter 11, Article 3. Specific testing performed on the electronic devices
were the Toxicity Characteristic Leaching Procedure (TCLP); California Waste
Extraction Test (WET), and EPA Method 3050 followed by elemental testing. The
results of these analytical tests were compared to hazardous waste regulatory
thresholds for each analytical test: the Toxicity Characteristic regulatory level, the
Soluble Threshold Limit Concentrations and Total Threshold Limit Concentrations,
respectively.

Chemical analysis of e-wastes presents challenges because of the physical nature of
these devices (size, composition), and the potential heterogeneity within devices and
between devices. A protocol was prepared to measure this heterogeneity, by testing
four devices of seven different product types, plus testing selected devices in triplicate
to measure within-sample heterogeneity.

Materials and Methods

Seven product types were identified for this project and, from each product type, four
devices of different brands and models were collected by RPDD and submitted for
analysis. The twenty eight devices are listed in Table 1. These devices were delivered
by RPDD to Sequoia Analytical Laboratories in Morgan Hill, CA where work was
performed under contract # 02-T2409 under the oversight of DTSC.

Sample Preparation:

The Standard Operating Procedure (HML SOP#733-S) developed for this project is
shown in Appendix A. In summary, the 28 devices were dismantled individually, and
components classified into two major types:
1) Millable (plastic components, plastic casings, printed circuit boards-without any
batteries or capacitors), and
2) Non millable metal components (metal frames, rods, batteries, capacitors and other
metal parts.).
All millable components were cut into small pieces and ground using a heavy duty mill
(Retsch, Model #SM-2000) to achieve the desired particle size and passed through a
2mm mesh sieve. The laboratory used a 2 mm sieve for all analyses (total extractable
concentrations, WET and TCLP) instead of the Tmm, 2mm and 9.5mm sieves specified
in the respective test procedures. The deviation was necessary because of the limited
mass of some samples. Another deviation from the SOP was the use of plastic chips
instead of wood chips to clean the milling apparatus and serve as blanks to determine
cross contamination. HML accepted this deviation because plastic chips were similar to
the samples, and worked better in the grinder. Milled samples were thoroughly mixed to
achieve homogeneity before removing aliquots for testing.



Sample Digestion for Elemental Testing:

A one gram (1 g) representative sub-sample of the thoroughly mixed sample was
digested using EPA Method 3050B, with repeated additions of nitric acid, hydrochloric
acid and hydrogen peroxide till the digestion was complete.

Extraction Procedures:

Sub-samples were taken from the milled samples and were extracted using the TCLP
and the WET to determine the leachability potential of regulated elements.

TCLP: An aliquot of the sample was extracted as described in EPA Method 1311.
Samples were extracted with an amount of extraction fluid equal to 20 times the weight
of the sample. The extraction fluid employed is a function of alkalinity of the sample.
Extraction fluid #1, consisting of a mixture of acetic acid and sodium hydroxide at pH
4.93 +/- 0.05, was used, since the final pH of the samples after the addition of 1N HCI
was <2.0. The extraction vessel containing the sample and the extraction fluid was
agitated on a rotary shaker at 30 +/- 2 rpm for 18 +/- 2 hours at ambient temperature.
The material in the extraction vessel was filtered through a glass fiber filter (0.45
micron) and the liquid extract was preserved with nitric acid to 5% by volume until ready
for digestion and analysis.

WET: Sample aliquots were extracted with a citrate buffer solution (10 times the weight
of the sample) at pH 5.0 for 48 hours in a mechanical shaker under anaerobic
conditions. Mixtures were centrifuged, filtered through Whatman filter paper #42 and
then passed through 0.45 micron membrane filter. The extracts were preserved by
acidifying with nitric acid to 5% by volume before digestion and analysis.

Analytical Procedure:

The above prepared samples were digested with nitric acid, hydrochloric acid, and
hydrogen peroxide, as specified in EPA Method 3050B. The digestates were analyzed
by Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP —AES, Thermo
Jarrell Ash, Model 61E), using EPA method 6010B. According to this method, digested
samples were filtered through 0.45 micron membrane filters, nebulized and the resulting
aerosol transported into the plasma torch. Emission spectra were produced by radio
frequency, dispersed by the grating material and the intensities of the emission lines
were measured by photosensitive devices.

Quality Control:

A unique quality assurance program was adopted to ensure the reliability of the data.
Before milling the samples, plastic chips that had been washed with nitric acid were run
through the milling apparatus. These blanks were analyzed to demonstrate that the
milling operation was free of cross-contamination.

A sample batch was defined as a group of 10 samples, or fewer, processed together
with appropriate QC samples. With each batch of samples one method blank, one

laboratory control sample (LCS) prepared in DI water, one matrix spike (MS) and one
matrix spike duplicate (MSD) sample were analyzed. Between batches, plastic chips



were processed to confirm absence of cross-contamination. One sample of each
product type, with the exception of the CPU, was extracted and analyzed in triplicate for
total elements to examine the homogeneity and the precision of the data.

Results

Data Management

The elemental concentrations measured in the milled portions of the devices were
converted to concentrations in the entire device by using the relative weights (Table 1),
with the assumption that the unmilled portion of each device did not contain any of the
regulated elements.

Analytical results are shown in Tables 2-5. All 28 samples were analyzed for EPA
Method 3050 concentrations, TCLP-extractable elements and WET-extractable
elements, with the exception of sample #18 (cell phone) which was not extracted using
the TCLP, and sample #20 (telephone) which was not analyzed for either WET- or
TCLP-extractable elements because of insufficient weight. These results are shown as
not analyzed, “NA” in the respective tables. Data marked “NA” were not used in
calculations, and summary statistics were performed on the remainder of the set, i.e.,
on three rather than four devices. Data below the reporting limit are shown as not
detected, “ND”. Reporting limits varied with dilution factors. Nevertheless, they were
always significantly lower than the respective hazardous waste criteria. When only one
value for a particular element among the four samples (or three, in the case of replicate
analysis) was “ND”, that value was replaced by one-half of its respective reporting limit
(adjusted for any dilution factor). These estimated values and the summary statistics
that use such values are highlighted with a gray background in Tables 2-5. When more
than one value among the four samples (or three, in the case of replicate analysis) was
“‘ND”, no adjustments were made and no summary statistics were performed for that
particular element. In this case, whereas individual values are reported, the data are not
used in determining summary statistics.

Tables 2-5 show results for individual samples plus the arithmetic average (mean) of all
samples in the product type, coefficient of variation (CV %) and the upper confidence
level (UL) for the mean (1-sided, 90" percentile). Entries in bold face (individual result,
mean or UL) indicate results exceeding the respective regulatory thresholds (shown on
the first row). The coefficient of variation in Table 2 expresses the variability observed
among the four samples of each product type. CVs in Table 3 reflect the within-sample
variation.

Quality Control Results:

Quality Control (QC) results for Total Extractable Concentrations are shown in Appendix
B (Table QC-I). Samples were digested and analyzed separately in 9 batches. Samples
#5, 19, 20 and 28 were used as Matrix Spikes and Matrix Spike Duplicates (MS/MSD).
Samples were spiked with all the elements at 50 mg/kg concentrations along with the
Laboratory Control Samples (LCSs) spiked at the same level (50 mg/L) in de-ionized
water. Method blanks and reagent blanks were analyzed in between the actual samples



and the QC samples, to assess any carryover from high level background
concentrations. None of the elements were detectable in the plastic chip blanks,
indicating that the milling system was free of cross contamination. In all the batches,
recovery of LCS ranged from 84% to 103%. However, recoveries in MS/MSD varied
from element to element because some of the elements such as Pb, Cu, Zn, Sb, Co
and Ni were present at very high concentrations compared to the amount spiked.
Nevertheless, overall recoveries ranged from 77.6% to 109 %.

For WET-extractable elements, samples were analyzed in four (4) batches with method
blanks and LCSs. MS/MSDs were run on samples # 1, 7, 8,10, 20 (Appendix B, Table
QC-II). These, and an equal number of LCSs, were spiked with all the elements at a
concentration of 2mg/L. LCS recoveries varied from 88.5% to 114% and all method
blanks were below detection. MS and MSD were recovered within the range of 82% to
118%. Recoveries of Pb, Co and Zn, however, were not reported in some batches due
to high background concentrations in comparison to the spike concentrations.

TCLP analysis was batched into five sets of samples with method blanks and LCS
(Appendix B, Table QC-IIl). These batches included other samples (soils from a
separate project) in addition to the e-wastes and, therefore, relevant MS/MSDs were
performed on samples #1, 7 and 8 only. Samples and LCS were spiked at 0.8 mg/L with
seven regulated elements only. None of the elements was detected in method blanks,
and LCS recoveries ranged from 88% to 112% except for Ba, which showed around
200% recovery. MS and MSD recoveries varied from 85% to 113%, with the exception
of Pb and Ba which were not reported due to very wide limits, attributable to the high
concentrations in the samples.

To assess the homogeneity of the samples subjected to analysis, six devices (# 1, 5,
13, 19, 20 and 28) were analyzed in triplicate. Table 3 shows the individual results, their
mean, standard deviation and coefficient of variation of these triplicate analyses. CVs
ranged from 4% (Cu in telephones, and Sb in cell phones) to 134% (Cr in VCR). The
standard error of the mean (se) is shown in Table 3 and is plotted in Figures 1-3.

Total Concentrations

Table 2 shows the results for total concentrations in mg/Kg (extrapolated to the entire
device using the relative weights of millable and non-millable portions) for all samples.
TTLCs are shown in the top row. It is clear that only a few elements (Sb, Cu and Pb)
were consistently measured in all samples. Cell phones had the most measurable
elements, with many elements above the respective TTLC. Figures 1-3 show
measurements for Pb, Cu and Sb in each product type. The dark solid bar represents
the mean concentration of the four devices within each product type and the error bar
represents the 90% UL. The TTLC drawn in these figures allows a visual comparison of
the 90% UL to the respective TTLC. Figures 1-3 also show the results of the triplicate
analyses for the same elements. The light solid bar represents the mean concentration
of the three replicates of each device. The error bar in this case is the standard error of
the mean, expressing the observed variability.



TCLP

TCLP results (mg/L extrapolated to the entire device) are shown in Table 4. Only Pb
was measured consistently across devices. Figure 4 shows the mean Pb
concentrations, the 90% UL and the TCLP limit. All product types, except for the
Microwaves, appear to fail the TCLP for Pb.

WET

Table 5 shows WET-extractable results in mg/L (extrapolated to the entire device). Cu,
Pb and Zn were measurable in many devices. All product types except for the CPU
exceeded the STLC for Pb. Figures 5 and 6 show results for Pb and Zn, respectively.

Table 6 summarizes the product types that exceed the TTLCs, TC Limits, or STLCs. It
is clear that all product types exceeded at least one of the regulatory thresholds. All
product types exceed the TCLP limit for Pb and, with the exception of CPUs, all product
types exceed the STLC for Pb. Cell phones have the most exceedences and
microwaves the fewest: Cell phones exceed both the STLC and TCLP limits for Pb, and
they also exceed the TTLC for Pb, Sb, Cu, Ni and Cr. Microwaves only exceed the
STLC for Pb.

Discussion

HML assessed the homogeneity of samples processed through the grinder by
conducting triplicate analyses for Total Metals on six of the seven product types (one
device from each product type, except for the CPU). As can be seen in Table 3, relative
coefficient of variation (%CV) varied across devices and elements. The lowest %CVs
were obtained for Cu (4% to 48%), Sb (4% to 51%) and Pb (19% to 56%) measured in
all six devices. As these were the metals consistently measured above the respective
criteria in most devices, it is reassuring to see that samples were reasonably
homogeneous and that our conclusions apply.

Lead was the only element where both the TCLP-extractable and the WET-extractable
concentrations were consistently measured in most devices. The summary in Table 6
shows that the 90% UL of results for each device exceed at least one hazardous waste
criterion. Elements marked with an asterisk indicate that, whereas the 90%UL
exceeded the respective regulatory limit, the number of samples tested (n=4) was
inadequate, given the observed variation, the difference between the mean value and
the regulatory limit, and assuming a normal distribution. For these types of devices,
additional samples are needed to evaluate these particular elements. Specifically, with
the observed variation, 24 samples are needed to confidently determine whether the
TTLC is exceeded for Pb in printers. On the other hand, 11 samples are needed to
determine whether the TTLC is exceeded for Sb in printers. Similarly, 18 samples are
needed to determine whether the TTLC is exceeded for Cr and over 300 samples are
needed for Ni in cell phones. Nine samples are required for Ni in telephones and 11
samples are required for Sb in radios. All other determinations had adequate sample
size. Even if the elements that require additional measurements are disregarded, all
product types exceed at least one hazardous waste criterion.



As discussed in this report, there are some other considerations for waste classification.
First, there is the issue of sample preparation. The contract laboratory milled all
samples to pass a 2 mm sieve, although the TCLP specifies a 9.5 mm sieve, and the
preparation for Total Concentrations testing specifies a 1 mm sieve. This deviation
from the prescribed particle size could have a significant effect on the TCLP results;
however, the TCLP only specifies that the waste is milled to pass a 9.5 mm sieve and
does not preclude milling to a smaller size. Since the correct sieve size was used for
the WET, there is more confidence in the results showing that microwave ovens
significantly exceed the STLC. For other devices, the particle size does not appear to
have any significant effect on whether the regulatory thresholds are exceeded, as all
results clearly exceed hazardous waste regulatory thresholds.

In summary, all the devices tested, clearly exceeded at least one hazardous waste
criterion (RCRA on non-RCRA). These results confirm our observations in the DTSC
pilot study on E-wastes.

Conclusions

e All product types clearly exceeded at least one hazardous waste criterion.
¢ Lead was the most common element exceeding its limit.

e Cell phones exceeded the most regulatory thresholds compared to the other product
types tested.

e With the exception of microwave ovens, all product types tested exceeded the TTLC
and TCLP regulatory thresholds.

e With the exception of CPUs, all product types tested exceeded at least one STLC.
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TABLE 6. eWaste products exceeding hazardous waste criteria. Decision is based on the 90% Upper Confidence

Level. When the sample size (n=4) was inadequate to compare to the hazardous waste criterion (assuming a
normal distribution), the respective element is marked by an asterisk.

ELEMENTS EXCEDING RESPECTIVE CRITERIA

Product Type TOTALS TCLP WET
>TTLC >TCLP limit >STLC
Microwave Ovens
- - Pb
VCR
Sb, Cu, Pb Pb Pb
CPU
Sb, Cu, Pb Pb -
Printer
Cu, Pb*, Sb* Pb Pb
Cell
Sb, Cu, Pb, Cr*, Ni* Pb Pb
Telephone _
Cu, Pb, Ni* Pb Pb
Radio
Cu, Pb, Sb* Pb Pb
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Fig. 1 Total Pb (mg/kg device)
TTLC=1,000 mg/kg

20,000
B n=4 devices
15,000 | triplicate analysis
10,000 -
5,000 -
0 -
§\$
Fig. 2 Total Cu (mg/kg device)
TTLC=2,500 mg/kg
120,000
B n=4 devices
100,000

| triplicate analysis

80,000

60,000

40,000

20,000 A
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2,500

2,000

1,500

1,000

500

Fig. 3 Total Sb (mg/kg device)
TTLC=500 mg/kg

B n=4 devices

@ triplicate

Fig. 4 TCLP extractable Pb (mg/L, whole device)

100 TCLP=5 mg/L

80 - B n=4 devices

60

40 -
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Fig. 5 WET extractable Pb (mg/L, whole device)
200 STLC= 5 mg/L
B n=4 devices )
150
100
50 I
) —==—— ‘
< N\) o N Z O
S F ¢ F E S
] X
&@
Fig. 6 WET extractable Zn (mg/L, whole device)
100 STLC= 250 mg/L
80 B n=4 devices I
60
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0 ‘
Q& & O & > @
\ QO C)Q \\\ O ‘(\OQ fbé\
RN <&
<@

22



Appendix A.

SOP-733S. Sample Preparation of Electronic Waste (E-waste) Samples for the Analysis of Semi-
volatiles and Metals
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SOP Status: Draft Approved by:

(Chief, HML)

(HML QA/QC Officer) (Supervisor)

Sample Preparation of Electronic Waste (E-waste) Samples
for Analvsis of Semi-volatiles and Metals

1. Scope and Application

1.1 This procedure is applicable to prepare electronic waste (E-waste) samples requiring
analysis for semi-volatile organics and inorganic substances. When waste
characterization for regulated substances is requested, pre-preparation procedures
derived from Title 22, [166261.24 (a) (1) [the TCLP] and/or 66261.24 (a) (2)
[persistent and bio-accumulative toxic substances] are applied as required.

1.2 This procedure is used to prepare samples from various E-wastes such as; cellular
phones, video cassette recorders, domestic microwave ovens, computers, printers,
and telephone/answering machines, etc. The purpose behind this approach is as
follows:

1.2.1 Shredding and milling of E-waste samples to pass through a No. 10 (2mm)
sieves designed to simulate the scenario of landfill materials being
crushed/ground/weathered, to finer materials and thereby increasing their
tendency to release toxic substances into the environment. Every effort must
be made to reduce the particle size to pass through a 9.5 mm, 2 mm(No. 10)
and 1 mm(No. 18) sieves sequentially, to meet the TCLP, WET an Total
semi volatile analysis requirements. Due to the nature of E-waste matrices
these particle sizes may not be achieved, and then every effort must be made
to reduce the particle size close to the above requirements.

1.2.2 By shredding and milling the E-waste samples to pass through a No. 10 and
No. 18 sieve, the sample homogeneity increases and should result in

increased precision of the analyses.

1.2.3 Employing one uniform pre-preparation procedure provides a consistent and
simplified approach to preparing all kinds of E-waste samples.

1.3 This SOP describes the procedure to prepare samples prior to any extraction or
digestion procedure that may be required before subsequent analyses.
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2.0

3.0

4.0

1.4 This procedure is recommended for use by laboratory assistants or technicians
working under the close supervision of chemists experienced in the sample
preparation requirements for semi-volatile organic and inorganic analyses.

Summary

2.1 The total weight of each type of E-waste sample submitted is weighed and recorded
(waste samples of the same type can be grouped together as one sample). The E-
waste samples are dismantled and components are classified as plastic, circuit board,
or metal. Weight of each component, e.g., circuit board (with capacitors, transistors,
battery), plastic and metal should be recorded and stored in separate containers
before particle size reduction.

2.2 Each component of E-waste sample is representatively sampled, shredded, milled to
pass through a No. 10 (or No.5) sieve, mixed for homogeneity, and then sampled for

the requisite extraction or digestion procedures.

2.3 Particle size reduction is achieved by milling and grinding to the required mesh size.
An appropriate shredder and mill or grinder is used for this process.

2.4  Interferences from carry over from one waste to another must be minimized by
cleaning the equipment with dry wood chips and pressurized air. All containers must
be clean and free of organic and inorganic substances. Small milling or grinding
units may be cleaned as described in HML SOP 704-S.

Safety

3.1 Sample preparation should be performed in a well ventilated high ceiling room.

3.2 Nitrile gloves may be worn for hand protection, but must not come in contact with
the sample, or the interior of the sample containers, to avoid contamination.

33 Use safety glasses or goggles when shredding and milling or grinding the samples.
3.4  The operator must wear a dust mask and coveralls if necessary during the process.
3.5 The working area (counters, equipment, tools, etc.) should be kept clean at all times.

3.6  Operating instructions must be followed while using the shredder and/or grinder.

Apparatus and Materials

4.1 Hand tools for dismantling e.g. special screw drivers for electronic products, electric
drill/saw, cutters and pliers, etc.
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5.0

4.2 Sieve No. 10 mesh (2 mm), Sieve No. 18 (1 mm) and 9.5 mm mesh size.

4.3 Rotary mill or an automatic grinder capable of grinding small pieces of plastic and
printed circuit boards.

4.4  Electric cutter or a shredding machine capable of reducing the particle size of the
plastic material into small pieces.

4.5 Top loading balance 20 Kg capacity (accurate to +/-1.0 g).

4.6 Top loading balance 1 Kg capacity (accurate to +/- 0.2 g).

4.7 Dust masks, face shields or eye goggles.

4.8  Nitrile gloves.

4.9 Teflon or glass containers of appropriate size for storing the prepared samples.

4.10 Liquid nitrogen

4.11 Deionized water

4.12  Nitric acid, 5 percent

4.13  Acetone

Procedure

5.1 Weigh each E-waste or a group of a kind of E-waste sample and record. Dismantle
and separate into its major components, namely plastic and printed circuit boards.

Remove extraneous material like casing, nuts, screws, loose wires, metal brackets

and large capacitors.

5.1.1 Plastic and circuit board components:
Separate plastic and circuit board components (with all the electronic
components intact on the circuit board) from each type of E-waste. Record
tare and sample component weights and store separately in properly
identified glass or Teflon containers.

5.1.2  Metal components of the E-waste sample is weighed and stored in a separate
container labeled as scrap metal for recycling. No particle size reduction on
this portion of the sample.

5.2 Each component (plastic and circuit boards) is passed through the cutter/ shredder to

break down into small pieces. After this preliminary preparation step, the sample is
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53

54

5.5

ground in a mill or grinder to a fine particle size.

Clean the equipments after processing each component. Pass dried wood chips
through the shredder/cutter and mill/grinder. Inspect equipments for left over wood
chips, then blast through the equipments with pressurized air to ensure they are
completely free of sample particles or wood chips. Wear masks and goggles.

The entire sample is sieved through the 9.5 mm, 2 mm, and 1 mm sieves
sequentially to meet the TCLP, WET and Total semivolatile analysis. Record the
weight of each fraction and store in a glass container properly labeled at 4° C.

Repeat the cleaning process as in step 5.3 after all the samples have been processed.

Alternative Procedure For E-waste Sample Preparation:
In case the above procedure is not possible to reduce the particle size of the samples, the
following alternative approach may be applied.

6.1

6.2

6.3

6.4

6.5

6.6

Weigh and record the total weight of each sample or a like kind group of E-waste
samples. Dismantle each sample and separate into its major components like plastic,
printed circuit board and scrap metal containing metal casing, nut, screws, large
capacitors, metal brackets and wires. Record all the weights separately and store in
separate glass or Teflon containers properly labeled.

6.1.1 Metal part of the E-waste samples is weighed and stored in a labeled plastic
container. This part of the waste is for recycling only; no particle size
reduction will be performed.

Only printed circuit boards ( with all the electronic components intact) and plastic
part of the sample were cut into smaller pieces by using all mechanical means like
the electric drill and/or diamond saw, cutters, pliers and hammers. Sometimes plastic
is hard to cut but breaking with hammer and a cutter may work out.

Small cut pieces of each waste sample were collected at random from the pile of
broken pieces and were frozen separately in liquid nitrogen for 2 hours to facilitate
further breaking and crushing.

The frozen pieces were crushed into smaller size by using the cutters, hammers,
pestle mortal and a hydraulic press if necessary to achieve the finer particle size that
should pass through 9.5 mm sieve. Record the final weight of the sample prepared
by this procedure and store in a glass or Teflon container at 4°C.

Clean all the equipment by rinsing with DI water, 5 percent nitric acid, DI water and
acetone in series and air dry before using for the next sample.

Sieved portions of the sample should be used to perform the organic and inorganic
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8.0

9.0

analysis.
Quality Control

Although most of these QC requirements are defined in analytical procedures, some
additional requirements have been introduced to check the efficiency, precision and
accuracy of all the procedures. A sample batch is defined as a group of 10 samples or
fewer, that is processed together and is comprised of samples of similar matrix.

7.1 With a batch of each matrix type (plastic and circuit boards) of E-waste, one method
blank should be included, containing all the reagents and processed with the sample
batch.

7.2 In a batch of each matrix type of E-waste, one sample must be prepared in sufficient
quantity by using one of the above particle size reduction methods. Divide this
sample into three portions.

7.3 One portion of the sample (7.2) should be analyzed as unspiked to check the
background contamination (plastic or circuit board). The other two portions should
be used for matrix spike and matrix spike duplicate.

7.4 A method standard is run containing all the elements/compounds of interest with
each batch of samples. Standards from the same vendor must be used as that used for
matrix spike and matrix spike duplicate. Spiking standards must be acquired from the
vendor other than the calibrating standards.

7.5 In a batch, one sample (different than one used for MS, MSD) should be run in
triplicate for each matrix the precision and homogeneity of the sample preparation
method. (Additional QC).

References

8.1 Title 22. California Code of Regulations, Article 3. 166261

8.2  HML - SOP 704S: Operation and cleaning of automated milling equipment.
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Table IlI-Quality Control and MS & MSD Results for TCLP-extractable elements

Collector’s Spike Level
Sample #: E-waste Type Batch No. (mg/L) As Ba Cd Cr Pb Se Ag
Blank 3G28019 ND ND ND ND ND ND ND
LCS 3G28019-BS1 0.800 0752 | 155 | 0701 | 0780 | 0714 | 0.753 | 0.714
% Rec 94 194" 87.6 975 | 89.2 94.1 89.2
Blank 3103033-BLK1 ND ND ND ND ND ND ND
LCS 3103033-BS1 0.800 0.801 | 0740 | 0.785 | 0.768 | 0.770 | 0.749 | 0.759
% Rec 100 925 98.1 9.0 | 96.2 93.6 94.9
1 M'%;‘;L”: ve ND 0.058 ND ND 13 ND ND
MS 3103033-MS1 0.800 0.790 | 0796 | 0788 | 0.770 | 13.4° | 0681 | 0762
MSD 3103033-MSD1 0.800 0811 | 0785 | 0768 | 0.755 | 13.0° | 0.741 | 0.744
%Rec MS 98.8 92.2 98.5 96.2 50 85.1 95.2
% Rec MSD 101 90.9 96.0 944 | 000° | 926 93.0
RPD 2.62 1.39 2.57 197 | 3.03 8.44 2.39
Blank 3J10010-BLK1 ND ND ND ND ND ND ND
LCS 3J10010 BS1 0.800 0.892 | 144 | 0.848 | 0.849 | 0.860 | 0.884 | 0.796
% Rec 112 180" 106 106 108 110 99.5
8 VCR 3J10010 ND 0.73 | 0.0081 | ND 100 ND ND
MS 3J10010-MS1 0.800 0941 | 156 | 0.815 | 0.842 | 112 | 0.901 | 0.665
MSD 3J10010-MSD1 0.800 0.833 | 148 | 0790 | 0797 | 103 | 0.824 | 0.759
%Rec MS 118" 104 101 105 NR* 113 83.1
% Rec MSD 104 93.8 97.7 996 | 375° 103 94.9
RPD 12.2 5.26 3.12 549 | 8.37 8.93 13.2
Blank 3H07021-BLK1 ND ND ND ND ND ND ND
LCS 3H07021-BS1 0.800 0.752 | 0.778 | 0.805 | 0.788 | 0.790 | 0.702 | 0.772
% Rec 94.0 97.2 101 985 | 98.8 87.8 96.5
7 VCR ND 0.17 ND ND 110 ND ND
MS 3H07021-MS1 0.800 0.811 | 0956 | 0.816 | 0819 | 114 | 0.714 | 0.783
MSD 3H07021-MSD1 0.800 0837 | 0958 | 0.820 | 0.826 | 114 | 0.756 | 0.785
%Rec MS 101 98.2 102 102 | 500° | 892 97.9
% Rec MSD 105 98.5 102 103 | 500° | 945 98.1
RPD 316 | 0209 | 0489 | 0.851 | 0.00 571 | 0.255

G Q-LIM  The percent recovery was outside of the control limits. The sample results may still be useful for their intended purpose.
22 QM-07 The spike recovery was outside control limits for the MS and/or MSD. The batch was accepted based on acceptable LCS recovery.
%= QM-4x The spike recovery was outside of control limits for the MS and/or MSD due to analyte concentration at 4 times or greater
the spike concentration. The QC batch was accepted based on LCS and/or LCSD recoveries within the acceptance limits.
ND Analyte NOT DETECTED at or above the reporting limit.



Appendix C

10 1105 %

Sample separated into plastic & millable parts.

Grounded Sample transferred into glass containers &
ready for analysis

Sample collection in a stainless steel container
during milling process.

Cleaning of milling device after each operation.
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