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Risk indexes

for draft CCL3 chemicals

nder the 1996 Amendments to the Safe Drinking Water Act (SDWA,

PL104-182), the US Environmental Protection Agency (USEPA) is

required to publish a list of microbial and chemical contaminants

that can be considered for potential regulation every five years

(USEPA, 1996). This list of contaminants, known as the Contami-
nant Candidate List (CCL), is the foundation of USEPA’s regulatory develop-
ment process for national primary drinking water regulations. The evolution
of contaminant selection processes since the initial 1974 SDWA (PL 93-253)
has been summarized elsewhere (Rosen & Roberson, 2007).

Following development of the CCL, the second step in the regulatory
development process is the regulatory determination by which USEPA decides
whether to regulate a specific contaminant. Under the 1996 SDWA amend-
ments, USEPA is required to make at least five regulatory determinations every
five years. In its regulatory determination, USEPA can choose to regulate a
specific contaminant, develop a health advisory, conduct more research on
the contaminant, or not regulate the contaminant in drinking water.

The first CCL (CCL1) listed 60 contaminants (50 chemical and 10 micro-
bial contaminants) that were selected primarily based on expert opinion
(USEPA, 1998). In its first round of regulatory determinations from CCLI1,
USEPA decided not to regulate nine contaminants from CCL1 because a
national drinking water regulation would not provide an opportunity for
significant risk reduction as mandated by Section 1412 (b)(1)(A) of the 1996
SDWA amendments (USEPA, 2003). The second CCL (CCL2) carried forward
the remaining 51 contaminants from CCL1 (USEPA, 2005). For its second
round of regulatory determinations, USEPA decided to not regulate 11 con-
taminants from CCL2 (USEPA, 2008a) for the same reason the nine con-
taminants from CCL1 were not regulated.

During the CCL1/CCL2 time frame, USEPA solicited input on future CCLs
from both the National Research Council (NRC) and the National Drinking
Water Advisory Council (NDWAC). The NRC committee developed the
conceptual approach of a “universe” of a large number of contaminants being
narrowed down using simple screening criteria to a preliminary CCL (PCCL)
and then further narrowed down using a more complex screening tool/algo-
rithm to the CCL (NRC, 2001). The NRC and NDWAC input for improving

the contaminant selection process has been previously summarized, and
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LUSEPA incorporated much of this
input into the draft third CCL
ICCL3; Rosen & Roberson, 2007).
in 2006, following one of the
NDWAC recommendations, USEPA
solicited CCL3 nominations (USEPA,
2006). The draft CCL3 was pub-
lished in the Federal Register Feb.
21, 2008, and contained 104 con-
raminants (93 chemical and 11
microbial; USEPA, 2008b). The
CCL3 is anticipated to be finalized
in mid to late 2009, and the third
round of regulatory determinations
is scheduled for 2013, five years
after the second round.

The CCL process should be used
as the starting point for the regu-
Jatory development process. The
Federal Register notice for CCL1
contained a table listing each con-
raminant’s research needs catego-
rized into health effects, occurrence,
analytical method, and treatment
research (USEPA, 1998). CCL2 did
not include such a list. When occur-
rence data are needed, USEPA can
require utilities to collect such data
through the Unregulated Contami-
nant Monitoring Rule (UCMR)
and, if these contaminants are not
found, make a subsequent determi-
nation that they should not be regu-
lated. Five CCL1 contaminants
were not detected at all in the first
UCMR (UCMR1), which included
monitoring by more than 3,300
public water systems (Roberson,
2005). On the basis of the lack of
occurrence and no opportunity for
meaningful health risk reduction, as
required by SDWA Section 1412 (b)
(1){A) that addresses standards,
USEPA appropriately decided to not
regulate these five contaminants in
its second round of regulatory de-
terminations (USEPA, 2008a).

DATA VISUALIZATION FACILITATES
UNDERSTANDING AND EVALUATION
A conceptual approach was used
to aggregate and organize data and
assess data value. The objective of
the current project was to imple-
ment the previously summarized
concept of a Cartesian coordinate

system graphic presentation (space
diagram) of health effects occur-
rence indexes for more than 300
chemical contaminants using data
from several databases (Rosen &
Roberson, 2007). This approach
was selected to start the process of
data evaluation to inform AWWA’s
comments on the draft CCL3 and
to concisely aggregate the available
occurrence and toxicity data for
more detailed evaluation, given the
anticipated 90-day comment period
for the draft CCL3. The space dia-
grams were initially generated for
234 chemical contaminants to
develop a better understanding of
how to extract the appropriate in-
formation from a variety of data-
bases and how to normalize the
various numerical values obtained
from them. Space diagrams for the
93 draft CCL3 chemical contami-
nants were subsequently generated
during the public comment period
(AWWA, 2008).

Data from numerous sources were
ranked and rated. The initial data used
for this project were gathered from
five publicly available databases and
from 38 published studies, with the
intention of testing the extraction and
graphing of data for compounds for
which both occurrence and toxicity
data were available. Following their
release, the data used by USEPA for
the draft CCL3 were included in a
companion database, allowing the
CCL3 data to be plotted along with
the project data.

Normalization was necessary to
translate the data into scores (1-10)
on a common scale for plotting.
USEPA’s method of normalization
through binning was used on both
the data collected for the project and
the USEPA data (USEPA, 2008c).
Normalization bins for occurrence
and roxicity are shown in Tables 1
and 2, respectively. The USEPA nor-
malization method was extended to
accommodate a few additional data
types, including 70th percentile con-
centrations with median concentra-
tion, allowing the inclusion of more
project data. The use of USEPA’s

ROBERSON ET AL | PEER-REVIEWED | 101:9 » JOURNAL AWWA | SEPTEMBER 2008

normalization method provided a

common framework within which
the two data sets could be compared,
and it eliminated the need to inde-
pendently develop a defensible nor-
malization protocol.

Table 3 shows an example of
data normalizations for occurrence
data. The project data for this one
example compound comprised only
two types of environmental release
data (1) onsite surface water dis-
charge and (2) total onsite and off-
site disposal or other releases. These
categories were also used with the
USEPA data, with similar values and
the same normalization results. The
predominance of high normalized
scores in both data sets suggested a
high likelihood of occurrence. The
larger amount of data in the USEPA
data set may increase the certainty
of this evaluation.

Table 4 shows an example of tox-
icity normalization. Again, there was
some overlap among data types and
data sources, but in this instance
both data sets brought extra infor-
mation into view. The similarity of
normalized scores (4 or 5) demon- |

strated consistency among data types |

and sources, which increased confi-

dence in the evaluation process.
Using USEPA’s normalization

method, an x/y-axes graph (space

diagram) was generated with the |

occurrence score on the abscissa |
(x-axis) and the toxicity score on the |

ordinate (y-axis). Initially, two diag- |
onal dashed lines were generated to |

aid in this visual analysis. The first

diagonal line connected the highest = i
toxicity score (10) with the highest 8
occurrence score (10), whereas the |8

second line connected the median
scores (5/5). The logic was to develop
three general compound classifica-

tions (based on the graphed areas), 28 g

as previously conceptualized by |
Rosen and Roberson (2007).

¢ The high-risk category (indicat- *
ing compounds to list) consisted of

the area to the right and/or above [

the 10/10 diagonal line (a line drawn
from the 10 on the occurrence axis
to the 10 on the toxicity axis).
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* The potential-risk category
(possible compounds to be listed)
took in the area between the 10/10
and 5/5 diagonal lines.

* The low-risk category (com-
pounds not to be listed) consisted of
the area to the left and/or below the
5/5 diagonal line.

The project team subsequently de-
cided to “kink™ the 10/10 line so that
it ran diagonally from 10/10 10 5.5/5.5
and then horizontally from 5.5/5 to
10/5.5 (Figure 1). As a result of this
kink, compounds that fell within a tri-
angular area with frequent occurrence
but relatively low toxicity moved from
the “compounds to list” area into the
» “possible compounds to list” area.
® The use of this kinking procedure fol-
lowed the underlying logic of the three
SDWA risk-reduction criteria.

As part of the documentation for
the contaminant selection process,
USEPA generated a contaminant
information sheet for each draft
CCL3 contaminant. The sheets
listed detailed occurrence and toxic-
ity information for each compound,
and from this information USEPA
chose four particular data points,
depending on the assortment of
data types available for a specific
compound (USEPA, 2008c; 2008d).
USEPA then normalized these four
chosen points to define the risk of
the compound (USEPA, 2008c). Rep-
resented as risk indexes, all available

data points from the contaminant
information sheets were plotted on
a space diagram (after normaliza-
tion in order to provide a method
for viewing all of the same data at
one time, as opposed to having to
go through each data point on a con-
taminant information sheet).

Uncertainty was estimated through
combined ranking of the data types and
data source. By assigning a ranking
value to each data type and data
source (according to their appropri-
ateness for use for risk analysis), dif-
ferent combinations of available
data could be easily sorted, and
judgments could be made about
assigning weights in decision-mak-
ing. This allowed inclusion of less
desirable data, an important factor
given that one of the goals of this
project was to use all available data
to give the most robust image pos-
sible of all existing data. The rank-
ing values assigned to the data type,
termed Data Importance, ranged
from 1 (most desirable) to 4 (least
desirable). The ranking value as-
signed to the data source, termed
Source Quality, ranged from 1 {most
desirable) to 3 (least desirable). Spe-
cific characterizations for both Data
Importance and Source Quality are
shown in the sidebar on page 71.

For each value for each chemical,
an individual data score was calcu-
lated using Eq 1:

Data score =
1+ [1/{Data Importance x Source Quality)]

which resulted in a range of final
values between 2 (for the highest
quality points) and 1.083 (for the
lowest quality points). When the
risk indexes were plotted on the
space diagrams, the occurrence
points were plotted against the tox-
icity points. The product of the two
data scores was used to characterize
data quality for the pair, with val-
ues between 2.75 and 4 assigned
high-quality designators, those
between 1.75 and 2.75 assigned
medium-quality designators, and
those between 1 and 1.75 assigned
low-quality designators. This as-
signment pattern was chosen to
show the appropriate variation in
the spread of data quality in the
space diagrams.

Within the risk indexes on the
space diagram, the weighted mean
value for the compound’s occur-
rence and toxicity data was also dis-
played to show the center of gravity
of the data cluster. This was neces-
sary because points may lie beneath
others with no evidence other than
the location of the weighted mean
value and the listing of the data val-
ues in the data list. The weighted
mean values were calculated for
both the occurrence data and the
toxicity data by Eq 2:

TABLE 1  Occurrence normalization bins
t Bin Number
|
Normalized Value* 1 2 3 4 5 1 6 : 7 8 ‘ 9 ‘ 10
| | ! 1 i
¥ T
Surface water or finished water |0 [ oy 017 ez | oas | oe lror | owsr | o251 | 10
frequency detection—% | ! ‘ ‘ | i ‘ ‘ Jw
Surface water or finished water | 0 0.003 | 0.01 ‘ 0.03 ! 01 | 03 ‘ 1 3 ‘ 10 | 30
mean, median, or 70th-percentile | \ \ ‘ ! ‘ ‘
concentration—ug/L | | i i : : ;
Surface water or finished water j 0 0.009 0.03 ‘ 0.09 03 | 0.9 3 | 9 i 30 ‘ 90
90th-percentile, 95th- ‘ i ;, i | :
percentile,or maximum 1 | | ! ‘ ‘ ‘ ,
concentration—yug/LT ! ‘ ‘ : | ‘l
Environmental release ‘ 0 301 ‘ 3,001 } 10,001 ‘ 30,001

data—Ib ‘ J\

1,001 I‘
|

1100,001 | 300,001 | 1,000,001 | 3,000,001

|
]

Source: USEPA, 2008¢
USEPA—US Environmental Protection Agency

*Normalized value determined using USEPA's normali

1To accommodate the upper fraction of concentrations, the bins for the midrange were increased by a factor of three.

zation method through binning.
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|

TABLE 2  Toxicity normalization bins
Bin Number

3 |

Normalized Value l ! !
mg/kg/d"* 1 2 3 4 5 ‘ 6 ‘ 8 : 9 10

il L
Risk concentration based \ 317 31.7 3.17 ‘ 0.317 0.0317 ’ 0.00317 0.000317 0.0000317 J 0.00000317 0

on slope factors | \ ‘ | |

LOAEL or NOAEL 1,700 | 3,170 1 317 | 31.7 3.17 ] 0.317 0.0317 0.00317 | 0.000317 0
RED 317 | 3.7 03171 00317 | 0.00317 ‘ 0.000317 | 0.0000317 | 0.00000317 | 3.17E-07 0

] | N i !

Source: USEPA, 2008¢

LOAEL—Ilowest observed adverse effect level, NOAEL—no ohserved adverse effect leve}, Rf>—reference dose, USEPA—US Environmental Protection Agency

*Normalized value determined using USEPA's normalization method through binning.

Weighted mean =

S{Fyyx H) + 2(Fyp x M)+ 2{Fp g x L)

S(Fg,) + Z(Fpy) + 2(Dpg) (2)

in which H; is an individual normal-
ized occurrence or toxicity value
with a data score in the range of 1.6
< data score = 2, M; is an individual
normalized occurrence or toxicity
value with a data score in the range
of 1.3 < data score = 1.6, L, is an
individual normalized occurrence or
toxicity value with a data score in
the range of 1 < data score = 1.3,
Fyy ;=1 for each value H;, Fyy ;= 0.5
for each value M;, and F; j = 0.25
for each value L.

Using the product of the occur-
rence and toxicity data score, sym-
bology was developed to portray

certainty for each individual com-
pound data point on the space dia-
grams. Open circles were used to
show data points developed from
project data, and open triangles
were used to show data points
developed from USEPA data. Sym-
bol size indicated certainty (data
quality). Large circles and triangles
were used to portray data points
with data score products in the
high-quality category, medium-sized
circles or triangles were used to
portray data points with data score
products within the medium-quality
category, and small circles or tri-
angles were used to portray data
points with data score products in
the low-quality category. The data
set’s weighted mean values were
plotted as a solid circle or triangle
for the project data and USEPA

data, respectively. An example plot
is shown in Figure 1.

Individual compounds were as-
signed to groups on the basis of their
chemical class. This enabled com-
parisons to be made among groups
as well as among data sets within the
same group. The weighted mean val-
ues for each compound were used to
plot the single location of each com-
pound on a group space diagram.
The standard deviations of the nor-
malized values for both the occur-
rence data and toxicity data were
used to define the x-axis and y-axis
error bars for each compound to
facilitate visualization of the uncer-
tainty present in the data because of
consolidation of the data into a sin-
gle point. As with the individual
compound space diagrams, the cir-
cles represented project data and the

TABLE 3  Examples of normalized occurrence data for project and USEPA data sets
Parameter Source Value Normalized* n Data Scoret
Project data . a
Onsite surface water discharges TRI | 322,487—Ib 8.00 2 ]“%
Total onsite and offsite disposal or other releases TRI 2E+07—Ib 10.00 318 3¢
USEPA data
Frequency detection DDBP/ICR 55.5—% 10.00 2 2.00
DBP/IC ; y 9.0C 2.00
Maximum detection value DBP/ICR 30.6—ug/L 9.00 2 -
99th percentile detection value DBP/ICR 29.7—ug/L 8.00 2 o
Surface water release TRI 326,298‘41)/{\)6(17' 8.00 57 1.33
Total release | TR 3E+07—Ib/year 10.00 Y 133
Median detection value DBP/ICR 7.0—pg/L 8.00 2 1.33

DBP/ICR—Disinfection Byproducts Information Coliection Rule, n—number, TRI--Toxics Release Inventory, USEPA—US Environmental Protection Agency

*An assessment of risk for a given data value on a low (1) to high (10} scale usefi for qirect cormparison U.f Vam,m,b data tvpes.
TAn assessment of the qualitkv of a data point based on the source and the applicability of the data type in question.
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TABLE 4 Examples of normalized toxicity data for project and USEPA data sets
Parameter Source Value—mg/kg/d Normalized* n Data Scoret
Project data
USEPA RfD RIS 0.2 4.00 268 2.00
Oral slope factor ] California OEHHA 0.021 5.00 97 2.00
NOAEL . RIS 15 5.00 99 1.50
LOAEL IRIS 82 4.00 109 1 1.33
USEPA data
RfD USEPA IRIS (ITER) 0.2 4.00 33 : 2.00
RID USEPA HA 0.2 4.00 16 : 2.00
RfD RAISHE 0.2 4.00 41 2.00
Minimum risk level ATSDR (ITER) 0.2 4.00 17 ) 2.00
Lowest oral chronic LOAEL RTECS 12.5 5.00 i 50 i 1.33

ATSDR—Agency for Toxic Substances and Disease Registry, HA—health advisory, IRIS—Integrated Risk Information System, ITER—International Toxicity Estimates
for Risk, LOAEL—lowest observed adverse effect level, n—number, NOAEL—no observed adverse effect level, OFHHA—Office of Environmental Health Hazard
Assessment, RAISHE—Risk Assessment Information System Health Effects, RfD—reference dose, RTECS—Registry of Toxic Effects of Chemical Substances, USEPA—US

Environmental Protection Agency

*An assessment of risk for a given data value on a low (1) to high (10) scale used for direct comparison of various data types.
tAn assessment of the quality of a data point based on the source and the applicability of the data type in question.

triangles represented USEPA data.
Figure 2 shows an example of a
group space diagram. The numeric
designators next to the plotted points
indicate different compounds.

For some compounds, a wide
array of data may be available. For
other compounds, few or no data are
available. Because of this disparity
in data availability, any given space
diagram may be sparsely or heavily
populated. Figures 3, 4, and 5 pro-

vide examples of individual space
diagrams with small, moderate, and
large amounts of data, respectively.

The space diagram in Figure 3
shows a wide spread of project data
points (circles). Because all of the
points represented medium-quality
project data and the weighted mean
value is shown as high at the center
within the frame of the points, mul-
tiple points were overlain on top of
one another. A limitation of the space

FIGURE 1 Example plot with symbology legend

High-quality project data
@ Medium-quality project data

® Low-quality project data

@ Weighted mean
project data

High-quality USEPA data

A Medium-quality USEPA data
A Low-quality USEPA data

Toxicity

Normalized Risk

High risk

USEPA—US Environmental Protection Agency

Normalized risk determined using USEPA's normalization method through binning.

Occurrence
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diagrams is that it is nor possible to
see how many points are saperim-
posed. The USEPA data, represented
by triangles, were defined by fewer
points and show the weighted mean
value just left of center between the
two outside points. This makes sense,
given the location of the third point,
which is farther to the left of the
center. With the USEPA data char-
acterizing the compound as low-to-
moderate toxicity and the project
data spanning a region well into
the high-toxicity range, the specific
dara resulting in the points should
be analyzed by an expert during any
_decision-making process.

Figure 4 shows a space diagram
with a moderate amount of available
data. More USEPA data were avail-
able than project data, as shown
by the dominance of triangles on
the plot. Several of the high-quaL
ity points were plotted to the right

side, denoting very high occurrence,
whereas several more high~cmality
points characterized the compound
as having rluuh-r.:.-.qo_h,‘gh R

rence scores. As with Figure 3, the
alted in these
plot points should be evaluared by
experts to resolve any discrepan-

ever, the tight
1of the dara clys-

specific data thar

cies in the dara. |

region in whicl

ter is evidence that some certainty
exists regarding the risk posed by
this particular compound. Although
the project data for the compound
in Figure 4 were much more lim-
ited than the USEPA data, they fell
within the same region as the USEPA
data, and the weighted mean values
of the data sets were consistent with
one another.

The space diagram in Figure § is
well populated with a large amount
of data. The risk indexes of both the
USEPA and project data implied that
a wide variety of data was available,
and these data returned values over
a range of qualities and values. The
particular compound graphed in this
figure was associated with a signifi-
cant level of uncertainty. Project data
showed high-quality data points at
each extreme with regard to occur-
rence as well as an array of toxicity
values, although the high-quality
points did trend toward the com-
pound being less toxic. The weighted
mean value for the project data was
located near the center of the risk
indexes, and with the high-quality
data spread across the broad popu-
lated space, provided evidence that
uncertainty was high. The available
USEPA data spanned smaller ranges
of occurrence and toxicity values,
but the high-quality data points were
at each extreme of the risk indexes.
This added to the uncertainty related
to the USEPA data; again, the avail-
able data should be analyzed by
experts in order to make meaningful
decisions. In this space diagram, the
weighted mean values for the USEPA
and project data sets were somewhat
inconsistent with one another, but
the sources of each of the data sets
may be compared to ascertain which
one is more credible. The benefit of
this approach is a concise aggrega-
tion and visualization of all of the
available information so that experts
can easily integrate and evaluate the
amount of data, the location within
the space diagrams, the spread, and
the data quality.

Space diagrams are only as effec-
tive as the underlying data sets.

FIGURE 2 Example of a group space diagram with graphic designators
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USEPA—US Environmental Protection Agency

The numeric designators next to the plotted points indicate different compounds.
Multiple compounds with overlapping risk values are separated on the plot by a comma.
USEPA numeric designators are shown in red to differentiate them from project numeric

designators.

FIGURE 3 Example of a space diagram with a small amount of available data
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USEPA—US Environmental Protection Agency
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Normalized risk determined using USEPA's normalization method through binning.

Screening all of the sources to be
included in a project is essential to
ensure that comparisons among data
types will be valid. Likewise, all avail-
able data sources should be included
to gain the most accurate possible

picture of the current data macro-
cosm. This approach ensures better
understanding of all of the data and
helps bridge the gap between using
only the highest-quality data and
using all available inputs.
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FIGURE 4 Example of a space diagram with a moderate amount

of available data
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Normalized risk determined using USEPA's normalization method through binning.

FIGURE 5 Example of a space diagram with a large amount of avaitable data
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High-quality USEPA data
Medium-quality USEPA data -

Low-quality USEPA data
Weighted mean USEPA data

>:»>> XY -10)

Normalized Risk

High risk

USEPA—US Environmental Protection Agency

Occurrence

Normalized risk determined using USEPA's normalization method through binning.

APPROACH HAS IMPLICATIONS FOR
POLICY AND RECOMMENDATIONS
From a high-level policy perspec-
tive, the manner in which the CCL
is generated and ultimately used
profoundly affects the allocation
and use of limited resources, both
inside USEPA and within the drink-
ing water community. In effect, even
before any regulatory action on the
list of contaminants is taken, the CCL
has become a guiding set of priorities
for research and for drinking water
treatment plant design (given that

treatment plants are designed to last
50-100 years). It is essential, there-
fore, that the conceptual framework
surrounding data being collected to
support CCL development and the
organization and analyses of those
data be consistent and well-defined so
that the process meets its objective.
Clarification of CCL objective is
needed. The primary objective of
the CCL3 and the analyses underly-
ing the overall CCL process is not
completely clear in the Federal Reg-
ister notice. It is not obvious from
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the draft CCL3 whether the primary
purpose of the CCL is to provide
a starting point for the regulatory
development process or to serve as
a mechanism to prioritize research
needs. The 1996 SDWA amendments
detail the CCL process in Section
1412(b)(1}(B)(i}, Listing of Contami-
nants for Consideration, a title that
implies that the CCL is the start-
ing point for the regulatory devel-
opment process. Section 1412(b)
(1){B)(i) addresses the schedule for
the CCL and Section 1412(b)(1)(B)
(ii) addresses regulatory determina-
tions; the section preceding these
sections discusses factors to consider
in regulating a specific contaminant.
Thus, through the SDWA statutory
language, Congress gave specific
guidance to USEPA for the listing
and determination processes for
contaminants that could potentially
be regulated and indicated that the
primary purpose of the CCL is to
serve as a starting point for regula-
tory development.

The project described here led to
several additional drinking water
policy questions that informed the
development of AWWA’s comments
on the draft CCL3 and ultimately
should affect USEPA in its develop-
ment of the final CCL3 as well as
future CCLs.

¢ Whart is the appropriate num-
ber of contaminants for the CCL3?

® How can USEPA best conduct
all of the research necessary for
CCL3? Does the current process
identify research gaps, and are these
data gaps captured? Can the informa-
tion collected in the process be used
to identify CCL3 research priorities?

* How can the efficacy of the
CCL process be determined?

¢ Does the CCL process work for
all contaminants? For example, does
the CCL process work for disinfec-
tion by-products (DBPs} as well as
pharmaceuticals?

Some environmental advocates
might argue that the CCLy purpose
is to increase the number of regu-
lated contaminants and not merely
to decide not to regulate contami-

nants ({though that is, in fact, what
the USEPA opted to do in its first
two rounds of regulatory determina-
tions). However, neither the USEPA
nor the drinking water community
wants to jump back on the regulatory
treadmill of the late 1980s and early
1990s when the agency was man-
dated by the 1986 SDWA amend-
ments to regulate a specific list of
83 contaminants, plus 25 additional
contaminants every three years. That
mandate led to development of
standards for 13 contaminants with
zero violations within the first few
years after the standards were put
into place. Given that they had zero
violations, these contaminants may
be assumed to have minimal, if any,
occurrence in source waters (Rober-
son, 2003). Furthermore, although
these contaminants do not appear
to occur to any significant extent,
systems nevertheless must continue
to monitor for them, probably in
perpetuity, unless these standards are
removed as part of USEPA’s review

: Data Impnrtance and Source Quality Metric Rankings

of existing drinking water regula-
tions (conducted every six years),
which is not likely. For more than
half of the contaminants on the list
(42 of 83), systems had fewer than
10 violations over a multiyear time
frame, leading to questions about
whether these 42 contaminants
should have been regulated at all.
Developing new standards for the
sole purpose of increasing the num-
ber of regulated contaminants is not
a prudent policy decision because
it does not lead to risk reduction.
Resources should be directed toward
development of regulations that pro-
vide meaningful health-risk reduc-
tion as mandated by the SDWA, tak-
ing into account both cost-benefit
analysis and feasibility.

The appropriate number of contam-
inants for CCL3 is a complex question.
Too small a CCL might indicate that
USEPA’s regulatory development
process is too narrowly focused. Too
large a list results in one of two
potential outcomes.

First, USEPA could make determi-
nations to not regulate contaminants
that do not meet the three criteria
in SDWA Section 1412(b)}(1)(A) for
establishing national standards: the
contaminant may have an adverse
health effect; the contaminant is
known to occur or is likely to occur
with a frequency and at levels of
public health concern; and a national
regulation will provide an opportu-
nity for a meaningful health-risk
reduction. As previously discussed,
tive CCL1 contaminants were not
detected at all in the UCMRI1, so
USEPA appropriately decided to not
regulate these five in its second round
of regulatory determinations.

The second potential outcome of
too large a list is that the USEPA,
given its ongoing budgetary chal-
lenges, will never have sufficient
funding to conduct all the research
required to make the appropriate
regulatory determinations from a
large list. Tracking down the exact
amount of the agency’s drinking

: In this project, each data type and data source was

- assigned a ranking value so that different combinations of
available data could be sorted and judgments made about
assigning weights in decision-making. The ranking system
" allowed inclusion of data that were less desirable but still

valuable to creating a robust picture of all existing data.
The type of data, termed Data Importance, was ranked

from 1 (most desirable) to 4 (least desirable).

= Arank of 1 was assigned to the following occurrence

_ data: finished water frequency detection, 95th-percentile
_-concentration, and maximum concentration and to the fol-
- lowing toxicity data: reference dose, adjusted reference
. dose, cancer oral slope factor, adjusted cancer oral slope
~factor, public health goals, and California notification level
“ for drinking water.

» Arank of 2 was assigned to the following occurrence

. data: surface water frequency detection, 95th-percentile
.. concentration, and maximum concentration and to the
== following toxicity data: no observed adverse effect level,

no observed effect level, no significant risk level, maxi-
mum allowable dose level, and suggested no adverse
response level.

* A rank of 3 was assigned to the following occurrence
and application data: finished water median, 75th-percentile
concentrations, and 90th-percentile concentrations and to
the following toxicity data: lowest observed adverse effect
level, lowest observed effect level, and lowest effect level.

* Arank of 4 was assigned to the following occurrence
data: surface water median, 75th-percentile concentra-
tions, and 90th-percentile concentrations, and to the fol-
lowing toxicity data: benchmark doses and LDsg values.

The source of the data, termed Source Quality, was
ranked from 1 (most desirable) to 3 (least desirable).

* Arank of 1 was assigned to government sources and
studies within the United States.

* The rank of 2 was not assigned.

* Arank of 3 was assigned to studies conducted outside
the United States.
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water research budget can be diffi-
cult because typically that number is
buried at the back of budget docu-
ments. USEPA’s drinking water
research budget for fiscal year 2008
was $48.5 million (USEPA, 2008e).
In the following hypothetical
example, it is assumed that each
CCL3 contaminant can be placed in
one of the following categories on
the basis of the probable amount of
its research needs: limited ($2 mil-
lion for research), moderate ($5 mil-
lion for research), and significant
($10 million for research). Assuming
that the research needs costs are split
equally across the 104 draft CCL3
contaminants—with one third of
funding going to the limited-research
~ category, one third to the moderate-
research category, and one third to
the significant-research category—
total CCL3 research needs approach
$600 million. With an assumption of
the agency’s current drinking water
research budget at $50 million per
year, with half (which may or may
not be close to the actual percentage)
of that budget dedicated to the CCL,
the necessary research would take
more than 20 years to complete, a
time frame that does not support the
five-year cycles for the CCLs and sub-
sequent regulatory determinations.
Prioritization of CCL research is
essential. No matter how many con-
taminants are listed in the CCL, the
most important research must be
conducted first. Research needs to be
appropriately planned and executed
to maximize its effectiveness. Infor-
mation gaps for specific contaminants
should be captured in a deliberate
manner as contaminants proceed to
the PCCL to the CCL. The graph-
ing process outlined in this article
provides a framework for facilitating
data summaries through visual aggre-
gation and for identifying and record-
ing data and information gaps.
Development of a research plan is
only a starting point. Executing the
research in a timely manner for regu-
latory development can- be challeng-
ing, and current research funding is
stagnant. Through the Water Industry

Technical Action Fund, AWWA con-
ducted a retrospective analysis of the
research plans developed by the drink-
ing water community and by USEPA
tor arsenic regulation and for the
microbial/DBP cluster. This analysis
determined how much of the identi-
fied research was completed and used
in the final regulations. Based on best
professional judgment (which is
somewhat subjective), the analysis
found that about half of the high-
priority research tasks were com-
pleted and incorporated or partially
incorporated in the final regulations
(Seidel et al, in press).

In light of the number of con-
taminants on the CCL1, CCL2, and
CCL3, what would constitute an
appropriate drinking water research
budget? Under the assumptions and
calculations presented previously, 24
CCL contaminants would require
$120 million in research dollars over
a five-year period, a figure that is close
to the $125 million that would be
available (assuming half of the drink-
ing water research budget is dedicated
to the CCL). Political pressure and
priorities for drinking water research
come from many different directions,
and competing priorities will only
increase in the future as other issues—
e.g., climate change, infrastructure
rehabilitation, and emerging contami-
nants such as pharmaceuticals and
endocrine disrupting compounds—
vie for funding. The Total Coliform
Rule Distribution System Advisory
Committee has also developed a long
list of distribution research issues as
part of its Agreement in Principlé
for the revised Total Coliform Rule
(TCRDSAC, 2008). These kinds of
policy questions, however, cannot be
answered with simple math. Other
policy considerations must be taken
into account when making complex
CCL decisions. )

Assessing the effectiveness of the
CCL is difficult. As previously dis-
cussed, the success of the CCIL. cannot
be measured by the increase in the
number of regulated contaminants.
One measure could be the degree of
public availability and the openness
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of the process of winnowing the CCL
from the universe of chemicals. The
90-day public comment on the draft
CCL3 provided minimal time to
review the extensive documentation
and background materials. USEPA
could not provide open public access
to the background documents for the
draft CCL3 during its development
because to do so would have essen-
tially constituted earlier publication
of the list. However, open access to
the PCCL background documents
would have allowed the general pub-
lic to gain a better understanding of
these documents and the underlying
technical and policy issues.

Another measure of the effective-
ness of the CCL (and of the SDWA
regulatory program in general) could
potentially be obtained through ret-
rospective studies that attempt to
link specific regulations to health
outcomes. For example, a potential
retrospective study could assess the
relative risk reductions achieved by
existing drinking water regulations,
e.g., theoretical cases of gastrointes-
tinal illnesses avoided, theoretical
cancer cases avoided, and statistical
lives saved versus actual outcomes.
Another possible retrospective study
could compare potential risk reduc-
tions attributable to existing regu-

-lations with the potential risk re-
. ductions associated with the 20

contaminants that USEPA chose not
to regulate in its first two rounds of
regulatory determinations. Beyond
the CCL, the challenges in develop-
ing robust performance measures for

- the SDWA regulatory program have

been summarized in other research
(Raucher et al, 2006).

The current CCL process may not
be suitable for addressing potential
regulatory needs for DBPs. Exposure
to DBPs has the potential to be signif-
icant because disinfection is required
by all surface water systems (serving

191 million people) and by a signifi-
cant portion of groundwater systems
(serving more than 89 million peo-
ple). The draft CCL3 included only
four mitrosamines from émong the
wide range of known unregulated

DBPs (one of the listed nitrosamines
has not been identified as a DBP).
The draft CCL3 even excluded two
of the nitrosamines that are required
to be monitored under the second
UCMR (USEPA, 2007).

Analytical methods for many
unregulated DBPs have been widely
available at laboratories for some
time. Occurrence data for haloace-
tonitriles, haloketones, chloropicrin,
chloral hydrate, cyanogen chloride,
and aldehydes have been previously
summarized for the Information Col-
lection Rule (McGuire et al, 2002).
More recently, several new DBPs
have been identified (Krasner et al,
2006), and the list of known unreg-
ulated DBPs is expected to grow
with increased research focus and
improved analytical methods.

Many classes of unregulated halo-
genated DBPs that commonly occur
are not represented in the CCL3.
These include haloacetaldehydes
(di- and tri-), halopicrins (mono-,
di-, and tri-), halofuranones (MX
and analogues), brominated triha-
loacetic acids, and haloacetonitriles
(di- and tri-).

Even an informed reader struggles
to follow the logic in the extensive
documentation for inclusion and/or
exclusion of these contaminants in
the CCL chemical universe or PCCL.
The Federal Register notice for the
draft CCL3 stated that DBPs and
treatment additives were automati-
cally added to the universe on the
basis of a default occurrence assump-
tion and were moved to the PCCL
despite limited availability of health
or occurrence data. Although the
CCL3 universe included a number of
compounds listed previously, many
others were skipped, and only one of
these DBPs—chloropicrin—moved
to the PCCL. Evaluating the CCL
process with respect to the appro-
priateness of the listing outcomes for
DBPs proved challenging because
data gaps for contaminants that did
not pass from the chemical universe
to the PCCL were not documented. In
addition, an opportunity for identify-
ing research needs was lost.

In the development of the draft
CCL3, a different conclusion was
reached regarding pharmaceuticals.
As summarized in the Federal Regis-
ter notice, 287 pharmaceuticals were
included in the universe, and approx-
imately 10% of these moved forward
to the PCCL on the basis of the
screening process (USEPA, 2008b).
Only one—nitroglycerin—ended up
on the draft CCL3 because all of
these compounds, with the exception
of two—diazinon and phenyton—
were scored on the basis of produc-
tion data as opposed to release data
or water concentration data, which
would put them into the low-cer-
tainty bin.

Does the case of the DBPs described
previously represent a deficiency in the
CCL process? The CCL process does
not appear to be able to accommodate
the evaluation of unregulated DBPs.
Would significant modifications to
the existing process make sense, or is
a different process, i.e., an alternate
regulatory pathway, needed for this
class of contaminants?

Resolving these drinking water
policy questions is a challenge be-
cause the answers are not always
evident and different stakeholders
have varied perspectives. Currently,
minimal investment is being made
in the drinking water policy arena
compared with other environmental
issues such as air, fisheries, and cli-
mate change. As a result, opportuni-
ties for improved evaluation of the
CCL process and the overall SDWA
regulatory program have remained
static. The project described here
facilitated data summaries through
visual aggregation, and these data
summaries better inform a broader
range of stakeholders about both the
amount of data and the data quality
for a large number of contaminants
of potential concern.

Recommendations could help facil-
itate the process and provide direction
for research funds. Development of a
CCL. research plan and prioritization
and completion of the resultant proj-
ects are critical to the success of
USEPA’s regulatory development

process. Completion of the priority
research projects is essential to both
selecting appropriate contaminants
to regulate and establishing maxi-
mum contaminant levels according
to SDWA mandates.

More stakeholder discussions are
needed to identify the best means of
providing ongoing public access to
the databases and the background
documentation being developed by
USEPA for future CCLs. Broader and
ongoing public access could serve
several purposes.

¢ It would help the public be bet-
ter informed and make better com-
ments on future draft CCLs.

e It would allow for more varied
policy analyses by a variety of insti-
tutions, such as schools of public
policy at universities.

e It would improve sharing of
ongoing research and/or gray litera-
ture such as master’s theses, which
may or may not be published and
publicly available.

More work is also needed to
determine how to best maintain the
database developed for this project
and how to push this database out to
the broader drinking water research
community. Although the database
contains much useful information
that was invaluable in developing
comments on the draft CCL3, that
information will soon become too
outdated to be of use.

CONCLUSION

This project demonstrated a use-
ful method for synthesizing and visu-
alizing a large amount of data and
provided a framework to organize the
data for effective comparisons among
contaminants. The risk-indexes
framework facilitates the understand-
ing of the extent of available data,
the data quality, and the underlying
uncertainties for occurrence and tox-
icity. The risk-indexes approach is not
intended to replace the process that
USEPA used for developing the draft
CCL3; rather, it should be used as an
evaluation tool to supplement that
process and to better inform decisions
made by USEPA on future CCLs.
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The process that USEPA used for
developing the draft CCL3 was a sig-
nificant improvement over the expert-
opinion approach that provided the
foundation for CCL1 and CCL2.
However, more work is needed to
refine this process for future CCLs,
particularly in the area of ongoing
sharing of databases and background
documentation.

The main purpose of the CCL needs
to be more clearly defined, given that
congressional intent for the CCL could
be interpreted to be a starting point for
the regulatory development process.
Although research would therefore
become a secondary priority, the amount
of research funding might become the
driver for determining the number of
contaminants on future CCLs that can
be adequately evaluated.
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