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Western States Petroleumn Association

Gina Grey ‘ : . -
Marnagng Coorainaior ’ ' June 8, 1994
Board Members

California Air Resources Board

c/o Board Secretary

P.0. Box 2815

Sacramento, CA 95812

Re: Proposed Amendments to the California Phase 2 Reformulated
Gasoline Regulation. Including Amendments Providing for the
Use of a Predictive Model (94-6-2) ' :
Dear Board Members, '

The attached presents WSPA's comments on the above referred hearing matter. We
have interacted with ARB Staff over the last two years in preparation for this rule

" making. We appreciate the efforts and cooperation of Staff, particularly on the:
‘development of the predictive model. . |

We believe the proposed mode!l will provide appropriate flexibility and compliance '
options for gasoline producers. We hope the model will reduce production cost and
increase production volume potential. WSPA believes the proposed model meets the
requirements to balance enforceability, emissions benefits and flexibility.

WSPA supports the proposed clarifications and modifications to the averaging limiting
compliance option. We believe a flexible averaging protocol is essential to the success
of the Phase 2 program. Without the proposed changes, we believe the averaging
protocol would be impractical and consequently of little value. '

Finally, we realize the manner in which compliance division enforces the averaging
- program can impact its utility. We believe the compliance division understands
WSPA's concerns, and staff 1s currently working to complete an averaging program
which would guarantee the flexibility intended.

Please direct questions regarding our comments on the predictive model to Mike
Kulakowski, Texaco (818) 505-3807 and on the modifications to the averaging
protocol to Nick Economides, Unocal (213)977-6848.

Sincerely,
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PREDICTIVE MODEL

| Introduction

WSPA believes the proposed model is a reliable fuel certification tool. WSPA’s

approach regarding the predictive model is to attain a final model containing the
following three criteria. ' :

It must:

oo - provide meaningful flexibility to gasoline 'producers,
~ _ ot reduce the enforceability of the Phase 2 gasoline regulation, and |
- ensure emissions reductions equivalent to the Phase 2 gasoline specifications.

We believe the model (with the changes proposed by Staff prior to the hcaﬁngj and
procedures being proposed by staff, address each of these issues. ' -

Our association would like to point out that changes to the model have been made
subsequent to the 45 day notice which violates both statutory and regulatory
provisions. In this particular instance, WSPA recognizes the recent staff revisions
were based on-the CARB 8 random-balanced model which was proposed in the
original Staff Report. Given the base model was adequately noticed, WSPA
believes it is appropriate to address the staff changes in a 15 day package.

We wish to recognize the efforts and cooperation of Staff in the development of
the predictive model. As a result of several meetings with WSPA, our concepts
and technical input were considered and, in several cases, aré reflected in the
proposal. In addition, Staff was willing to share draft models so that feedback time
was mminimized. We appreciated Staff’s efforts to investigate the "Hybrid
Approach” to model development, at WSPA’s request. Although the Hybrid
models were developed on the same data sets as the CARB models and exhibited
with similar responses, we believe consideration of the hybrid approach was an
important and necessary step in the process, and a-learning experience for all
involved. In fact, Staff employed the "random Balance" technique to simplify the
models as suggested by WSPA in a component of the hybrid approach.
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Flexibility B

WSPA believes the proposed model will provide flexibility that will reduce the
difficulty in producing Phase 2 gasoline on a day-to-day basis. Producers will
be able to "tailor" equivalent-emissions fuel specification sets to their operation.
Specifications that would otherwise be limiting can be relaxed while by
tightening other fuel parameters that ar¢ most cost-effective for a particular
“refiner. This type of easing of day-to-day operations will tend to manifest itself
" in a better ability of refiners to meet delivery schedules, without compromising
the environmental protection goals of the regulation.

The model will have other benefits as well. If refinets choose to use the model |
to increase the amount of oxygenates beyond the 2.2 wt% limit, potential -
gasoline production volume could increase. The same is true if refiners choose
to increase T90 and aromatics. These benefits will be available only to the ,
extent that fuels can be certified using the model; meaning refiners must provide -
equivalent or greater emissions benefits than Phase 2 gasoline specifications. |

Use of the model could also decrease the operating cost of produciﬁ'g Phase 2
gasoline, as producers are able to optimize the specifications so that it better
'fits' the available refinery equipment.

Timin

When CARB adopted the Phase 2 regulation in November 1991, industry was
assured the model would be developed by the following spring. This was
desirable to allow the model to be used as a tool for capital planning since the
presence of a model during development of plans for new facilities would have
maximized the benefits for gasoline producers. However, the model which
could have been developed in early 1992 would not have been as robust. In the
staff report, the following is noted "several relevant studies that would be
useful... had not yet been completed”. Key among these studies was data from
the Auto/Qil Air Quality Improvement Research Program which assisted in
reviewing the relationship between T90 and emissions.
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CARB Phase 2 RFG versus Federal Phase 2 RFG

As staff noted in their report, the federal RFG program presently applies only to
Southern California. Phase 1 of the federal program, which will go mnto effect
later this year, will achieve far lower pollutant reductions than those expected
with CARB Phase 2 RFG. However, Phase 2 of the federal program, which
becomes effective in the year 2000, calls for substantial increases in the targeted
VOC, NOx and toxics pollutant reductions. While it is expected that CARB
Phase 2 RFG will easily exceed the federal year 2000 target reductions for NOx
and toxics, it is unclear whether the same holds true for VOC's. The issue is
relevant during the predictive model adoption because any assessment conducted
by either regulatory agency will likely employ a model of some form.
Consequently, whether CARB Phase 2 RFG meets the corresponding federal
"standard could depend on the final parameter/emissions relationships built into
the model used to conduct the analysis. In view of this, it is important that the
model adopted by CARB retain as much flexibility as possible.

" MODEL IMPLEMENTATION ISSUES

Reactivity - WSPA supports Staff's decision to eliminate the requirement
to show equivalency on a reactivity-weighted hydrocarbon basis. WSPA does
not believe the basis for reactivity determinations is scientifically sound. WSPA
is currently pursuing legal action against CARB based on the use of reactivity
‘adjustment factors. In addition, given the limited variability allowed under the
requirement to equal or exceed the exhaust hydrocarbon emissions, as well as

the limits imposed by the specification caps, WSPA believes reactivity
differences between model-certified fuel and Phase 2 gasoline will be
insignificant. Finally, the speciated data required for development of a
reactivity-based model is only available on a relatively small subset of the data
used to build the predictive model. It is questionable whether 2 meaningful
model of reactivity adjusted hydrocarbon emissions could be developed from the
available data. ‘

Carbon Monoxide - WSPA supports Staff's decision to eliminate the CO
test from the model. The Phase 2 regulations set a 1.8 wt% minimum oxygen
content level for gasoline sold in California during the winter months. This
requirement cannot be circumvented through the use of the predictive model.
Oxygen is the key fuel parameter that has been shown to reduce CO emissions.
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Auto/Oil program research indicates. sulfur is also an important parameter for
CO control. Sulfur variation in model-certified specifications is limited by the
80 ppm cap, as well as by the fact hydrocarbon and NOx emissions increase
with increasing sulfur levels. Thus, having to meet the NOx and hydrocarbon
emissions performance of Phase 2 gasoline will help ensure equivalent CO

reductions. : ' : - '

 Winter Model Development - WSPA strongly supports the statement in
the staff report "[i]f we developed a wintertime model, our intention at this time
would be to allow producers the option of using this model". Even with this
statement of ntent, we are concerned about the possibility of the mandatory use -
of a "new" model promulgated sometime in the future. However, we believe a
proposed procedure for use of the model where RVP would be allowed to
"float" during the winter for a fuel formulation certified at a 7.0 psi RVP is
entirely consistent with the specifications. That is, when the original '
- specifications were adopted, CARB adopted the same non-RVP speciﬁcations
without regard to the RVP of the fuel. Thus, under the specifications, RVP is
allowed to "float" in winter. | ' '

If CARB does proceed with a winter model, WSPA strongly recommends its
construction should be built using a data base appropriately representing the
winter season. :

Equivalency Determination - Staff proposes as the basis for determining
equivalency that the model-certified fuel specification set provide "equivalent or
greater benefits on hydrocarbons, oxides of nitrogen, and potency-weighted toxic
pollutants". WSPA supports this "head-to-head" equivalency. We believe for
certification using a model, this type of treatment is entirely appropriate since
prediction error is just as likely for the reference fuel as for the candidate fuel. |

We note that even if there are slight impressions in the estimates of emissions
by the model, the emissions benefits of the program are protected. This 18
because producers must meet or exceed the emission benefits for two criteria

" pollutants (volatile organic compounds and NOx) and potency-weighted toxics
emissions. It is extremely unlikely a producer will be able to identify a set of
fuel specifications that exactly meets all of the pollutant requirements. Thus,
model-certified fuels will result in excess emissions benefits in one or more of
the pollutants controlled under the model.
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WSPA supports the proposal to "round off" emission increases of 0.04% or less
to zero. It is unrealistic to believe the model is able to distinguish emissions to
Jess than 0.10%. Thus, we believe the proposed definition. of equivalency is
_appropriate. | - ' | '

Aromatics Specification, Significant Figures - WSPA supports the
proposed change in expression of the aromatics specification to include one
decimal point. Staff points out (Staff Report p. 46) this change will
“significantly increase the usefulness of the averaging compliance option". We
agree. Moreover, we also believe this will enhance the flexibility under the
model as well. Whole-number changes to aromatics can have a significant
~ impact on emissions estimates from the model. We believe allowing entry of
aromatics into the model to tenths of a percent will permit producers to optimize
" fuel specifications developed under the model without impacting the |

enforceability of the regulations.

_ Frequency of Certification - WSPA supports the proposal to allow
refiners to certify fuels frequently. This represents a significant improvement
over the original concept that producers could only certify a new fuel
specification set annually. We suggest modifications to Section 2265(a)(2)
allowing individual producers to enter into a protocol for notification of the
parameters of a model-certified formulation that the Executive Officer deems to
~be equivalent. - |

We believe the requirement to offset all fuuel quality debits prior to switching is
appropriate. - \

7 Choice of Flat or Average Limit in Reference Fuel - WSPA supports
the proposal to allow for mixing of flat and average specifications in the
reference fuel based on whether the candidate fuel parameter is to be flat-limited
or averaged. A requirement to certify against an "all flat" or "all average"
reference fuel has the potential to reduce flexibility or result in higher emissions
‘being certified. '

Oxygen Specifications - WSPA endorses the proposed method of oxygen
specification comparison determination. The requirement to test both the high
and low values of the range is necessary to ensure the model results in
equivalent emissions reductions. The requirement to test against 2.2 wit% for
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fuels with greater than 2.2 wt% and against 1.8 wt% for fuels with less than 1.8
wt% may slightly enhance flexibility over a requirement to test all fuels against

2.0 wt%.

Timing Issues - Staff notes the "predictive model could only be changed

_in a subsequent rulemaking with notice and public comment". WSPA strongly -

supports this approach. We hope CARB would only consider such an update in

- the face of compelling new data offering a material impact on the ability of the
model to accurately predict emissions. - : .

We expect the Office of the Environmental Health Hazard Assessment
(OEHHA) will update the risk factors used to derive the potency weighting

factors in the toxic predictive model equations. Such an update by OEHHA will -~
" likely trigger an update of the predictive model which will be need to be

conducted in a public hearing accompanied by a public notice.

MODEL TECHNICAL ISSUES

WSPA supports the general approach adopted by CARB to develop the
predictive model. However, we are somewhat concerned the decision to allow
all 28 potential second order terms as potential candidate fuel variables has
resulted in a few "technically inappropriate” terms in the final model (such as
T50*T90). WSPA maintains that second order terms should be allowed as
candidate variables only if the underlying dataset contains test results from at
least one program designed to specifically evaluate the second order term(s)
under consideration. :

Based on our analysis to date, most of the "technically inappropriate” terms do
not enter the model. Furthermore, the technically inappropriate terms which are
in the model do not appear to materially affect the overall suitability of the
model for Phase 2 gasoline altemative specification certification purposes when
RVP is held constant at 7.00 psi. Asa result, WSPA can accept the presence of
those terms in the model. However, the treatment of these terms may have
implications if and when the model is updated.

Data e:iclusion - WSPA agrees with the rationale expressed in the Staff
Report regarding data exclusion. Emission data from fuels which exceed ASTM

fuel property limits are not appropriate for building a model, particularly one
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used for certification -of fuels with characteristics similar to Phase 2 gasoline..

" We also agree emission data from high RVP (>10 psi) fuels tested under

summertime conditions is may not be appropriate for this model-building

exercise.

Teéh Type 1 and 2 models - As noted in the Staff Report, the available
data for these older vehicles are quite litaited. Thus the ability to construct

" meaningful and reasonably well-behaved models is also limited. WSPA

therefore agrees with CARB staff that these tech classes should be excluded

from the final model.

Use of Random Balance - The random balance technique ca'_n'bé used to

~ simplify models utilized in specific regions of interest. WSPA generally

suppoits its use. However, the random balance method is only a'simpliﬁcation
technique -- it will not "fix" a model that does not predict well. Thus, it is
essential that the underlying (unsimplified) model exhibit reasonable behavior in

~ the region over which the random balance technique is applied. The

hydrocarbon and NOx model responses t0 RVP in the random balance range of
6.5 - 7.5 psi are of concern in the unsimplified CARB 8B model. WSPA
questions the substantial NOx decreases and ‘hydrocarbon increases predicted by
the model as RVP is reduced within this range. These responses are also
contained in the model which has been random balanced. Staff addresses these
concerns by proposing to fix RVP at 7.00 psi. While this functionally addresses

- our concems, an underlying issue regarding the accuracy of the model response

with respect to RVP remains.

Quadratic Responses - The following fuel variables contain squared
terms, which result in minima or maxima: T50, T90, aromatics, and RVP in the
hydrocarbon model; and RVP and oxygen in the NOx model. With the
exception of the RVP term in the NOx model, these minima/maxima occur in

"the range of interest for Phase 2 gasoline. (However, WSPA believes the strong

NOx response to RVP in the range of interest is partially the result of the RVP-
squared term being in the model). Other than a RVP minimum for the
hydrocarbon equation, WSPA believes the minima and maxima are artifacts of
the functional form used to represent responses, and not reflective of true
vehicle emission responses to fuels. We also question whether the location of
the minimum for RVP in the hydrocarbon equation is correct based on our
review of studies within and outside of the CARB master dataset.
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Toxics Models - The proposed toxics models contain a number of -
statistically insignificant linear terms -- particularly the Tech 3 model. - This 1s
not surprising, as there are only about 180 emission test Tesults in the dataset for
Tech 3 toxics. This is less than the number of test results available for the Tech
~ model criteria pollutants, which CARB has proposed to exclude from the final
~ model due to predictability concerns. These same concerns should exist for the -

Tech 3 toxics model. - | ' -

WSPA recognizes the need to have a Tech 3 toxics model. Therefore we

- propose that CARB only include statistically significant terms in the final
model. This will result in a model with increased confidence in predictability -
for the statistically significant fuel variables. ‘CARB staff has indicated they

~ will consider this approach. WSPA urges CARB to adopt this strategy.

. The statistically insignificant terms in the Tech 4 toxics model have substantially

smaller impacts than in the Tech 3 model. We suggest CARB eliminate these

~ terms from the Tech 4 toxics model. This will provide a consistent analytical
basis for both sets of equations. - ' ' ' -

Potency weighting - WSPA accepts the concept of potency-weighted
toxics and acknowledges the CARB approach which applies potency weighting
of equations based on mass emissions. We are, however, concerned about the
~ underlying risk factors used to develop the relative potency weighting --
particularly the risk factors for benzene and 1,3 - butadiene.

RVP Term in Models - CARB has proposed that RVP be set to 7.00 psi
for both the reference and candidate fuels in all cases for the use of the |
predictive model.” If this fixed RVP is adopted as part of the final model,
WSPA requests that CARB simplify the model by plugging 7.00 psi into the
final model and then algebraically manipulating the model to remove the RVP
term completely. Appropriate modifications would also need to be made to the
alternative specifications procedures manual. |

~ Model Predictive Capability - WSPA bas reviewed Staff's analysis of the
predictive capability of the proposed model. Since the proposed model has been
rtailored” through the use of the random balance technique to predict in the
Phase 2 gasoline fuel property region, it would be expected that the model
would exhibit its best predictability within this range of gasoline properties.
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The predictability would be expected to decrease as fuels outside the Phase 2
gasoline range were evaluated. In this region, the CARB model without random
balance and the EPA complex model would be expected to exhibit better |
predictability than models random balanced with the Phase 2 gasoline region.
This is precisely what is shown in the analysis contained in Appendix E of the

- Staff Report.

AVERAGING PROTOCOL ISSUES

WSPA members appreciate the effort CARB staff has made to ensure the option
to comply with Phase 2 reformulated gasoline provisions on an average (rather

than on a per gallon basis) is a workable one. Averaging is needed to enhance
the flexibility of the regulation, or more specifically, to facilitate shutdowns of
critical process units with minimum disruption of supply.- WSPA views . o

~ averaging as paramount to the success of Phase 2 RFG and has worked closely

with staff to arrive at the refinements that are being presented as part of the
proposed amendments. ' : .

Notification of Volumes - We agree with staff's recommendation to allow
refiners to report estimated volumes of Designated Alternative Limit (DAL)
batches and have those volumes modified soon after completion of the physical
transfer occurs. This simple revision merely recognizes the fact that we do not
know exactly the size of a batch of gasoline until after we have shipped it.

Switching Between Flat and Averaging Limits - We also support staff's -
recommendation to allow frequent switching between the flat and averaging
compliance options of the regulation provided adequate notice of the change is
given. We believe the averaging compliance option should be flexible enough
to accommodate any number of switches refiners may need to make in response
to their day-to-day operational concerns. In order to preserve the environmental
benefits of the Phase 2 program, WSPA believes the requirement to make up all
deficits before a switch from averaging to flat limits occurs is appropriate. '
Furthermore, by disallowing carryover of previously generated credits when
switching from averaging to flat limits, the proposed amendment may resulf In
compliance on average generating a long term environmental benefit versus the
per gallon compliance option.
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As a corollary to the removal of the annual compliance selection, WSPA also
requested the elimination of the requirement to make an initial compliance

~ option election by November 1, 1995. Since we do not expect we will-have

sufficient experience producing Phase 2 RFG (regardless of our compliance
option choice) by then, designating a comphance OpthIl at that time would not
be particularly meaningful.

Averaging .Offset'Period Extension - Another important propbsed change
WSPA understands will be incorporated into the Phase 2 RFG averaging

~ compliance option is the addition of a provision allowing refiners to extend the

averaging period length when the need arises due to reasons beyond their
control. The averaging period extension does not entail any quantifiable
environmental impact in that it merely provides for a period to "balance the
books." This added flexibility will be invaluable during the initial period after

~ the introduction of Phase 2 RFG while refiners are gaining experience with the
| added blending complexity involved in its manufacture.. WSPA has proposed to-

limit the extension to three ten-day incidents per year and to have the averaging
extension provision sunset two years after Phase 2 RFG is introduced. We -

~ believe this is sufficient time for staff and WSPA members to assess its

usefulness and take actions to continue this provision if it is deemed appropriate.

DAL Enforcement - Finally, and perhaps most importantly, WSPA
appreciates the efforts of ARB's Compliance Division (CD) to assess the
implications of the averaging provision on enforcement. WSPA believes the
usefulness of averaging is ultimately and intimately connected to the manner in

~ which CARB enforces DAL batches. We have been working closely with CD

staff to resolve the key issue of "how do we enforce individual DAL batches
without rendering the entire averaging compliance option impractical?" WSPA
and its member companies will continue to work with CD staff to develop

- protocols which will ensure the successful implementation of Phase 2 RFG.
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May.25, 1994

Mr. Peter Venturini, Chief

‘Stationary Source Division
‘California Air Resources Board

2020 "L" Street
‘Sacramento, California 958_12

Extension of Averaging Period
Dear Peter, .

We appreciated the opportunity to meet with you, Jim Morgester, Tom Jennings
and members of CARB's Stationary Source and Compliance Divisions on
4/28/94 to discuss alternatives on the issue of extendirig_ the 90 day averaging
period. We would like to take this opportunity to clarify certain key aspects of
our thinking on the following matters: |

1. We fully expect normally to comply with the requirement to offset debit
generating DAL batches within the prescribed 90 day averaging period.
However, we can foresee situations when, due to reasons outside our control,
we are unable to satisfactorily offset negative balances by the end of the |

. period. Our goal is to add flexibility to the averaging compliance option to
handle this type of an unexpected event.

2. We recognize that a variance procedure currently exists which, ideally, could
be employed to accommodate unforeseen events. However, due to the
complexity of blending Phase 7 RFG and our unfamiliarity with this
operation vis-a-vis the averaging compliance option, we are concerned in
practice, even the existing emergency variance procedure may be too
inflexible to meet our needs. '

3. We are asking CARB to adopt an averaging period extension provision as an -
interim flexibility enhancement measure. We believe the measure is needed
during the early stages of Phase 2 RFG production when refiners are still
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becoming familiar with the averaging compliance option. As a result, we
propose the averaging extension provision sunset two years from the date
production of CARB Phase 2 RFG begins. CARB and industry can jointly

~ review this measure before the sunset date to decide if there is any benefit to
retaining it in the Phase 2 RFG regulation.

4 We do not intend to use whatever flexibility is provided by CARB in the
length of the averaging period as part of our routine planning. We are
recommending enhancing the system's flexibility to ensure the workability of
the averaging compliance option and to complement/relieve the existing
variance procedure which we foresee becoming a bottleneck in some
circumstances. We believe that such flexibility can be controlled well enough
so that it can not be used as part of routine planning. R

5. We are not‘requeéting that the length of the base averaging pe'r_'i.od be
changed. Regardless of the base averaging period length, an unforeseen event
occurring near the end of the period will be difficult to accommodate.

6. We are not proposing CARB to allow any activity that would, effectively,
have an adverse environmental impact. We recognize the merit of CARB's
requirement to periodically "balance the books,” but we do not believe
occasionally allowing an extension of the averaging period changes our
commitment "to keep the environment whole" under the averaging provision.
As a result, we feel that any requirement to demonstrate public good
outweighs the potential harm incurred by approving the extension 1s
automatically satisfied.

We have developed two distinct alternatives which offer the potential to build
additional flexibility into the system. Option 1 is to insert language into the
CARB Phase 2 regulation that allows cefiners a fixed number of extensions per
year not to exceed a predetermined number of days. The refiner would have 10
state his reason when giving notification of an extension, but that reason could
be fairly general, for example: "unplanned unit downtime due to hardware
failure," or "delayed component shipment due to inclement weather," or
"analytical test result discrepancy with enforcement staff " This approach would
substantially reduce the WSPA-member and CARB administrative burdens while
limiting the need for CARB 10 exercise discretion in reviewing an extension
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application. Details of WSPA's averaging period extension concept are presented
‘below: ' '

1. Three (3) extensions are allowed per year. Maximum duration of each
extension is ten (10) days. Extensions can be taken consecutively (1.€.,
maximum 30 days per year). The extension is automatically granted to all
blends produced during the extension period, although it is recognized the
extension length diminishes as the fixed ending date of the extension is

~ approached. ' o : : '

For example: Refiner A gives notification of a sulfur extension on June 1

(the 151st day of the-year) that the negative balance incurred on March 3
- (the 62nd day of the year) will not be offset as required by June 2 (the 152nd -
* day of the year). The refiner's notification extends the averaging period by 10
~ days to June 12 (the 162nd day of the year) and specifies the first blend

number covered by the extension. | - o

The refiner's records also show a negative sulfur entry for March 4 (the 63rd
day of the year) which must be offset by June 3 (the 153rd day of the year).
Having filed the extension on the previous day, the refiner need not offset
the March 4 sulfur debit by June 3. Rather, the extension affords the refiner
an additional 9 days (to June 12) in which to settle the March 4 entry.
Similarly, gasoline batches produced between March 5 and March 10 would
be allowed a progressively shorter sulfur averaging extension time. Batches
shipped on June 11th would only receive a one day extension. The extension
would end with the last batch shipped on June 12, unless the refiner gives
notification of the start of another extension period. '

5 TRefiners must give adequate notice of an extension request to CARB. At the
Jatest, notification must be given during the day preceding the potential
averaging period exceedance. (If CARB feels additional time is needed for
processing the extension notification, a longer period may be agreed upon.
Also, if CARB feels there is value to limiting how early a refiner should give
notice of the extension, WSPA would recommend a maximum of 5 days in
advance of the extension effective date.)
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3. Refiners must specify the unforeseen event(s) necessitating the extension
notification. : - ‘ ' o

4. Refiners must specify DAL parameter(s) at time of notification of extension
and date that extension would go into effect. :

5. A single extension will apply to more than one DAL parameter if:

a) the need for extension of the averaging period for additional parameters
can be shown to be also attributable to the unforeseen event described in
[tem #3 above, '

b) the additional fuel parameters have a negative bank balance (1., refiner
production has been environmentally inferior relative to the standard) at the
time of the extension notification and are all within 10 days of requiring

offset when the extension notification is given, and

¢) the additional fuel parameters are included at the time of the original |
extension notification. '

For example, a refinery applies for a 10 day sulfur balance extension on the
88th day of the sulfur averaging period, recognizing that it will not zero the
sulfur account on the 90th day due to an unscheduled shutdown of the FCC
gasoline hydrofinisher. At the time the refinery applies for the sulfur extension,
it is also carrying a negative olefin balance and this balance is on the 83rd day.

" In such an instance, the refiner can demonstrate the same event causes the need

for an extension of both property averaging perjods and, thus, 2 single extension
can apply to both properties. :

Option 2 offers a different approach to achieve the same objectivé. As with

~Option 1, it proposes to insert language into the CARB Phase 2 regulation that
allows refiners a fixed number of extensions per year not to exceed a

predetermined number of days. However, unlike Option 1, the applicant refiner
would have to satisfy predefined, discreet criteria before the Executive Officer
could review and rule on the extension application. The refiner’s petition would

establish the following:
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‘1. The cause for the extension request and that it was beyond the reasonable

~ control of the refiner, and

The averaging parameter(s) for which the extension is sought and that this
extension is the only dispensation requested, and | : '

3. The length of the extension réquested and the days in the avéraging time
frame to which the extension would be granted (not to exceed 30 days), and

4. A plan reasonably'detéiling how recovery to the avera.ge will be achieved. -

Further, the Option 2-extension petition will contain sufficient information for -
_ CARB to determine the plan proposed by the refiner can be reasonably '

implemented, and the extension period achieves averaging balance as
expeditiously as possible. L :

Assuming the applicant refiner can satisfactorily demonstrate the above, then
WSPA proposes that the extension be granted by authority of the Executive
Officer without a public hearing and within a fairly short time frame. We
propose public notice be given after the extension is granted. WSPA would like
to secure CARB's concurrence to a 24 hour turnaround time for issuing the
extension. | : |

WSPA believes Option 1 may have some benefit to CARB in that it has the
potential to reduce challenges from interested parties on the appropriateness of
CARB extension request approvals. If CARB, determines Option 2 as the
preferred alternative, then a more detailed evaluation of the extension
application will be needed as the Executive Officer will be required to make a
judgment on the appropriateness of the request.

Option 1 is also preferable from an enforcement standpoint. While not affecting
individual DAL enforcement, Option 1 should enable refiners to reduce the
likelihood that an averaging period violation will be based on a disputed
analytical test result. Finally, Option 1 would seem the more practical
alternative, as it seems to significantly lower the administrative burden

associated with the extension. Even if CARB has remaining concerns with
Option 1, we suggest, by limiting Option 1 to an interim measure, CARB's long



Mr. Peter Venturini . - - S S - Pageé
May 25, 1994 | o | S

term concerns are addressed while the short term’ goal of further ensuring -
smooth Phase _2_RF_G implementation is satisfied. o : S

We hope that this information is helpful to you aﬁd-yoﬁr staff as you evaluate

~ the alternatives. We are available to discuss this matter further, at your

conveniernce. -

-S‘inc‘er'ely_.,:‘ :

Gin'a- Grey D
‘Managing Coordinator

T. Jennings
J. Morgester
D. Simeroth
R. Jackson



™D J Youngklood .. Texaco Refining and - 10 Universa! City Plaza

i Gengral Manager Marketing Inc Univarsal City CA 91608 1087
- Environment - 818 5085 3800 : ‘

Hezlth & Safety
- June 8; 1994

Board Members :
- California Air Resources Board .
- ¢/o Board Secretary
PO Box 2815 o _
- Sacramento, CA 95812 -

o Dear Board Mem-bers, o

~ The attached pages present Texaco’s comments on the "Proposed Amendments to the
. California Phase 2 Reformulated Gasoline Regulations, Including Amendments Providing for
the Use of a Predictive Model". Texaco appreciates the efforts and cooperation of the Staff in -
addressing several of the issues related to the implementation of Phase 2 gasoline. We
support the predictive model proposed by Staff as well as the clarifications and modifications
to the averaging protocol. We believe that both of these changes will positively impact the. . -
- implementation of the Phase 2 program. '

We are concerned that several important issues remain unaddressed. Key among these are
development of consistent variance guidelines, the investigation of potential-compatibility
problems with Phase 2 gasoline in the in-use fleet and issues related to RVP enforcement.
We hope that CARB will address these issues quickly and thoroughly in the same.
cooperative manner in which the amendments proposed for the hearing on June Oth were
addressed. Texaco is committed to the Phase 2 program and is committed to assist CARB as
they address these issues. : - '

Please direct questions regarding these comments to Mike Kulakowski, Staff Engineer at
(818) 505-3807. : .

* Sincerely,

D. I. Yothgblood

ce: Peter Venturini - CARB
Bob Fletcher - CARB

Buiiding on & Tradition of Quality

e . n -
recycled paper ‘a;



: Texaco Comments -
" Proposed Amendments to CARB Phase 2 RFG Regulations

Texaco is a member of the Westéni States Petroleum Association (WSPA). Texaco was -

- deeply involved through WSPA in the development of these amendments. We support
- WSPA’s positions and endorse their comments. L

We appreciate the efforts and cooperation of CARB Staff in developing the predictive model
and making changes to the averaging protocol. We believe the these changes will ease the
implementation of the Phase 2 program. : =

" Qur detailed comments on the proposed amendments'_follow. o

 Predictive Model

Texaco actively participated in the developmént of the predictive model. We believe that the
predictive model] will allow refiners the ability to-develop fuel formulations that meet the
emissions reductions of the Phase 2 program while reducing compliance cost, increasing '

" potential production capability and reducing the potential for supply: disruptions::

We have conducted technical and operational reviews of each model developed 'dLLfing this

rulemaking. We have suggested changes that were indicated by these reviews. Based on
these reviews, Texaco is able to support the model proposed in the Staff Report and is also
supportive of the technical modifications to the toxic models and the "extrapolation of certain

criteria pollutant responses. We will review the final model and make comments, if necessary

in the 15 day package.

Texaco supports Staff’s recommendation that CARB not develop special provisions for small
refiners using the predictive model. We agree that no provisions can be developed that would
be equitable as well as ensure the benefits of the Phase 2 programi. :

Further, Texaco supports Staff’s intent that if a separa;ne wintertime model is developed its use
will be optional. Although the ability to gain credit for RVP reductions in winter is desirable,
we require the certainty of having a "final" model adopted as a result of this rulemaking.

Implementation Date

Texaco supports the proposal to modify the effective date for Phase 2 gasoline at terminals,
bulk plants and service stations. We believe that this change will ease the impact of the
implementation of the program without having appreciable impact on the environmental
benefits of the program. We believe that with a March 1 refinery production date, and an
April 15th terminal availability date, service stations in major metropolitan areas will be
dispensing on-specification Phase 2 gasoline by the beginning of the high ozone season.
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Texaco Comments

" Phase 2 Gasoline Amendments

We are concerned that the extension for compliance at retail will increase the potential for the

importation of non-compliant fuel into the state during the transition period which will

depress retail margins. We urge CARB to strongly enforce the Phase 2 regulations at the -
retail level, particularly the "paper trail" of the gasoline delivered to stations during the '
transition period. : ’

DAL thification/Eleétion of and Switching Between Flat and Average Limits

Texaco supporté the proposed changes to clarify the DAL notification requirements and to

-allow more frequent switching between flat and average limits.

" Texaco believes that the averaging provisions are essential to the success of the Phase 2
" gasoline program. This is due to the complexity of producing Phase 2 gasoline on
specification day-in day-out. A flexible averaging program will reduce the need to re-blend

or recycle gasoline batches. This will improve the ability to meet delivery schedules and . -

“improve surety of supply for the consumer.

Averaging Offset Period Extension

Texaco believes that the averaging protocol, if properly enforced, is a significant flexibility
enhancement. However, we also believe that greater flexibility can be added by allowing
limited extensions to the 90 day offset period. Extending the offset period does not impact
the overall emissions benefits of the Phase 2 program since the same averaged limit will be
attained. Given this, CARB, in granting an extension would not have to make a finding that
the benefits of the extension outweigh the environmental detriments. We believe that there .
will be numerous instances in which an additional 10 days will allow CARB and the gasoline
producer to avoid the variance process. We support WSPA’s concepts for the extension of
the averaging period offset extension. ‘

DAL Enforcement

Texaco believes that strong enforcement of CARB’s fuel regulations benefits both CARB in
terms of ensuring environmental benefits, and industry in terms of protecting the margins that
will allow for recovery of capital investments. We urge CARB to continue their practice of
thorough enforcement as the Phase 2 program is implemented. '

However, Texaco is concerned that the manner in which CARB Compliance Division chooses
10 enforce the DAL results has the potential to reduce or eliminate the flexibility intended by
the Board to be available in the averaging protocol. We have participated with CARB Staff
in addressing these issues and believe that Compliance Division understands our concerns.
We urge CARB to develop and continuously implement protocols that will allow the DAL
values to be adequately enforced and still allow the flexibility conceived of in the
development of the averaging protocol.



Texaco Commenté
Phase 2 Gasoline Amendments

.RV.P Enforcelﬁeht
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is available for use through 1997. Since gasoline blends can not be certified under the simple
model with RVP below 6.6, gasoline with RVP lower than 6.6 psi is illegal. -This minimum, -
in combination with a maximum, CARB-imposed, cap level of 7.00 psi, will severely limit

blending flexibility for refiners producing gasoline under both the CARB and EPA programs.
In 1998, use of the "complex model", with an allowable RVP minimum of 6.4 psi becomes - -

" The EPA RFG program limits RVP 1o a minimum of 6.6 psi under the "simple model" which

“mandatory. This lower minimum will serve to mitigate some of the blending problems

encountered under the simple model.

Texaco has developed, and shared with Staff, a statistical simulation of refinery bper_atioh_s_

" which takes into account unit operational variability, blendstock quality measurement

variability, and variability in measuring the quality of the final blends. Based on this .
simulation work, we believe.that the limited range for RVP will cause operational problems
for refiners. We believe that these operational problems will manifest themselves in increased
re-blending or recycling of gasoline batches which raises the potential for supply disruptions.
We realize that this issue is not within the scope this rulemaking. However, we request that
the Board direct Staff to investigate this issue and work with industry to develop possible

solutions.

Compatibility Testing of Phase 2 Gasoline

Texaco is concerned over the issues related to the compatibility of Phase 2 gasoline with the
in-use fleet. Texaco supports CARB leading an effort to address these issues.

We understand that the state plans to empanel an interdisciplinary "steering committee" with 3
task groups dealing with compatibility issues, supply and demand issues, and consumer
education. Texaco supports the concept of the 3 committees and pledges its involvement in
2ll of them. - :

However, we are concerned over having the technical work of the compatibility group
directed by the steering committee. Our concern is twofold, first, the time required to set up
a ulti-level organization could seriously delay the start of the technical work, and second,
that the technical assessments of the compatibility group may be driven by political or self
interests of the steering committee. '

We recommend that CARB empanel a small, independent group to address the compatibility
issues in a sound scientific manner. The steering committee should refer to the work of this
independent compatibility group rather than direct it.



Texaco Comments

- Phase 2 Gasoline Amendments

_ AWhatéver,decision is made on the structure of the coml_ni_ttécs, we urge CARB to begin the |
process at the soonest possible date. We have reviewed areas of potential compatibility

concerns and believe that if fleet testing is indicated, it could require up to one yearto.
complete. Even bench-scale testing will take several months. We believe that this effort must
start within the next 2 months in order to allow time for: production of test fuels that are

~currently not available in adequate quantities, location of fleets for testing (if required),

collection and analysis of data, and regulatory actions to address the results (if required).

Variance Conditions

The issue of variance conditions is not being addressed in this rulemaking. However, Texaco
strongly urges CARB to develop a set of variance conditions, similar to those developed for

" diesel prior to the implementation of the low sulfur/low aromatic diesel rule in order to avoid

panic-decisions and surprises to those that have made significant investments. These _
guidelines were developed with public input and we expect that guidelines for Phase 2
gasoline variances will be developed in a similar manner. :

We believe that the variances should be based on a consistent set of conditions. These
conditions should include an economic penalty consistent with the expected production cost of
Phase 2 gasoline. Further, we believe that this penalty should be consistently applied to all
producers seeking a variance. Texaco pledges its involvement in the development of variance

conditions.



Ty

: UNCCAL CORFORATION
PETROLEUM PRODUCTS AND CHEMICALS DIVISION .

TESTIMONY AT THE CALIFORNIA AIR RESOURCES BOARD JUNE 9 HEARING

PRESENTED BY

DENNIS W. LAMB
MANAGER OF FUELS PLANNING



Mf.name is Dennis Lamb. I am Manager of Fuels Plenning at
hUnocal. Unocal has always been a strong.advocate of a predictive
model end the economic flexibility potential of the concept. In'-
June "of 1991 we shared w1th staff the vehicle testing research we
‘completed and the predlctlve model we' developed to produce
and test Reformulated gasollne. “That research has become the
_s;nole largest 1ndependently-developed body of data in CARB s
predictive model. It represents almost 10% of the seven thousand
seven:hundred fuel tests 1ncorporated 1nto the model. At the
November 1991 adoption hearing, I encouraged the Board to hold
staff to its commitment of developing a medel by April 1992 by
asking that the compllance date for Phase 2 gasoline be in lock-
step with the premulgation of the model. That would have been
April 1996, based on the staff commitment. The_Board accepted
the staff commitment, changed the effective date by three months,
and provided four years jead time, but did not tie that date to
promulgation of the model. TUnfortunately, it is now June 1994
nd any opportunlty to save capital 1nvestment has expired. We
are now in the process of bulldlng facilities that it now appears
could have been less expensive if the model was promugated
carlier. Fortunately, there is still time to benefit from
operational savings. Also, the delay did allow the model to

becone more robust.



We now know, for instance, that the T90 specification was not
only very expensive but that it was set too low. The time delay

llowed the model to inclrporate that knowledge.

As we learned from the EPA_model development effort the increased
opportunity for dialogue and investigation was important. We
learned that ﬁhe reéctivity and CoO coﬁponents were unnecessary,
and that Tech‘;-and Tech 4 vehicle classifications were the
appropriate surrogate for the in-use fleet. We very much |
appreciate the communication provided by CARB staff as this:
prpject went into high gear. We think it has provided a better

product.

Unocal participated in the WSPA effort and we concur with the

written and oral comments provided here today by WSPA.

At long last we are poiséd to have a fuel certification model
that could be the single most important tool for a smooth

transition to Phase 2 gasoline.

While we have not yet_to see a final model, or have the
opportunity to analyze the final product we have analyzed
previous versions of the model and the model in the staff
proposal. With each model‘revision, outstanding issues have
been resolved. As the staff claims, the various veérsions of the

models all predict very nearly the same.



We have been concerned that . some predlctions were an artifact of _
the'mathematlcal construction of the model rather than real
emissions effect. We have peen encouraged that staff has'

investigated technically appropriate methods for correctlng such

effects.

However, Unocal remains concerned about the RVP effects in the
_model and the concept of fixing the RVP term at 7.00 psi ‘when
iUA.

virtually no fu uel is exoected to be at that 1evel _I will speak

further about RVP in my lmplementatlon comments

CARB, The California Energy Commission, and the individual
members of the industry have just completed a round of

discussions regarding EPA reformulated and Phase 2

implementation.

Unocal encourages the Board to take action today on.adoption of
the pfedictive model. We expect that a 15 day comment period
will be necessary-. However} adoption today will move one more
critical element of implementation toward certainty and the

ability to more accurately project Phase 2 production volumes.

et me now move to the implementation issues.



We have been very encouraged by staff’s understanding of the

significance of some of the barriers to implementation that was
built into the original regqulation. The changes being proposed
today will keep an industry, which deals daily with upsets and
dislocation without impact on supply, somewhat more restricted

but still nimble in 1996.

We agree with the proposal to smooth out the transition period
by allowing longer periocds of time to turn inventories at
terminals and service stations. That proposal is a valuable

lesson from the diesel introduction.

We are, however, very concerned that there will be significant

financial incentive for unscrupulous operators to cheat, and that

during this transition peridd, they will be particularly
difficult to catch. The price differential between Phase 2
gasoline and conventional gasoline in neighboring states will
provide the incentive. The inability to easily distinguish
between Phase 2 and "other" gasoline during the transition is a
major opportunity for such operators. One truck load at a just
a twelve cent per gallon differential is over a thousand dollars

extra profit.



EPA had proposed that conventlonal gasollne contaln a marker

that could easily be detected at the. sevice station w1th fleld

tests. Because thelr orlglnal candldate marker falled to work,

they have announced that a rule on the marker will not be ready
for RFG introductlon in 1995.° Informally, they have asked
industry if a marker is needed at all. Without a marker that can
be easily.deteCted at the service stations, cheating will be much

more difficult to detect.

. We have discussed these concerns w1th youf'staff. ReSoﬂrces may

"be thin for adequate enforcement, but a smooth transition should

not becone the opportunlty of the year for the unscrupulous.

staff has asked for comment on their proposal'to allow importers
of California gasoline that was produced in California and
provided at some location in another state to avoid the
compliance testing demonstrations. Specifically, they asked for
comment on whether additional safeguards such as reporting
requirements are necessary to assure that cargo tank truck
imports of noncomplying gasoline are deterred. Unocal would
encourage a simple reporting requirement that any such importer
be registered in a special category and provide advance notice
of product source and destination. Individual protocols could

be established for continuing operations.



Up to this point, we have been in agreement with the staff’s
model proposals. However, we are currently faced with an

implementation issue that is not being addressed.

Due to an unusual combination of Federal and california rules,
practices of pipeline operators, concerns from auto makers, and
an area of unexplored emission effects, we may not be able to

comply with a portion of the RVP regulation.

I will illustrate the problem and suggest solution. But before
doing so, I want to make it clear that T am not séeking'ahy
action from you today oﬁher than a resolution to give staff.sik
months to examine this issue and return to this Board with a

recommendation.
(slide 1)

As you are well aware, CARB Phase 2 specifications include a RVP

maximum of 7.00 psi. There is no averaging provision.
(slide 2)

Is is the practice of the common carrier pipelines in California
to establish a shipping specification one psi lower than the
regulatory standard. This effectively lowers the standard from

7.00 to 6.90 psi.



Gasoline prodocers find.thet RVP variability results,'not only
from dlfferlng blending practlces but also-ffom.test
measurements. If a company has excellent control of blending:
variability, but doesn't have its own. terminal vapor recovery
adjustments to consider, 1t could then just con51der testlng
:varlablllty in 1ts own 1ab. ASTM prov1des a guldellne for such
variablllty. _Wlthln the same lab, that variability is called

"repeetebility", andlfor RVP, it is 0.2 psi.
(slide.3)

If I account for test‘variability, I must terget RVP production
at 6.7 psi to provide upper and lower control limits of plus and

‘minus 0 2 p51 w1thout exceeding the pipeline spec1f1catlon

The upper control limit becomes §.90 and the lower range of

variability or lower control -limit is 6.5 p51

There are several problems with RVP results in that range.
Those board members who remember my testimony at the November
1991 hearing will find that nothing has happened to dlmlnlsh
those concerms. In fact, we now have both the auto makers and

CARB staff expressing the same concerns.



The first concefn is the fact that there is very little vehicle
emission data in the low RVP range. There is a consensus that,
at some point, as RVP goes down, emissions turn back up. There
is some suggestion by staff that in exhaust emissions this
happens at about 7.4 psi, and, as RVP is lowered, the benefits
from evaporative diminish. Auto driveability is affected at some
point. Cars are harder starting and hesitate. Aﬁto makers have

voiced their concern to EPA for RVP levels below 6.6 psi.

There is also a safety consideration. Very low RVP and low
temperatures in April and October could combine to provide
explosive mixtures in fuel tanks. As recently as the April 22,
1994 Staff Report (page 7) the staff states that "A value of less
than 7.00 psi could adversely affect diveability and increase the
explosivity potential of the fuel." Since these very low RVPs.
have not been research sufficiently,.the American Petroleum
Institute has initiated a tésting program to investigate this

potential problem.
(slide 4)

Since adoption of Phase 2 gasoline EPA has finalized thelr

final Reformulated Gasollne Rule. That rule 1ncludes a provision
that, for the first time, places a regulatory minimum RVP . ‘
requirement on all reformulated and conventional gasoline. The

minimum is 6.6 psi.



(slide 5)

As you can see, if we must meet both a 6.9 maximum and 6.6
minimum we no longer have the operatlng range to accommodate even

typical test variability in refinery laboratories.

Targeting 6. 75 p51, halfway between the max1mum and the mlnlmum,

ohly evens out the chances that we w111 violate them poth.

_ API and Unocal have dlscussed thls issue Wlth EPA, who is -

considerlng some technlcal correctlons to the final rule. EPA
drafted a proposal to reduce the mlnlmum RVP to 6.4 psi. In a
letter dated only four days after that draft was circulated the
american Automobile Manufacturers aAssociation objected to such

an approach among other thiﬁgs. In a conference call with AAMA
on June 2, I and several other industry representatives were able
to resolve all our issues with AAMA except the RVP minimum.

In November 1991, Unocal suggested that the industry be allowed
to average RVP. Today, we are again suggesting RVP averaging in
a way that will not impact expected emission reductions, put as a

tool for increased flexibility and as a way out of the hox we are

in.



Even if EPA increase the operating envelope by lowering the RVP
minimum the lower range falls into the unknown driveabiltiy and
explosivity realm, and you may not want us to“produce.at those
low-levels. In addition, the RVP the vehicles get at service
stations will be even lower as the fuels evaporate downstream.
This would result in very low 6.00 psi'range fuels being

delivered to vehicles at service stations.
{slide 6)

Our proposal is to average RVP. Keep the flat limit at 7.00 psi,
but establish the averaging level at 6.90 psi with a 7.1 psi

cap.
(slide 7)

Averaging at 6.9 will allow industry to target a 6.90 psi level
with plus or minus 0.2 psi, while maintaining RVP within the

originally expected range.

This proposal could provide pipeline companies some comfort in
raising their specification to the cap of 7.1, knowing that they
will have an average 6.9 fuel, will have room for vapor recovery

activity, and still would average below the flat limit.



In'the Final Statement of Reasons for the Phase 2 rule, the‘
taff responded to Mcbil 0Oil’s suggestion that a 7.00 pSl maximum

would result in 6.6 to 6.7 RVP productlon with this statement

“"An RVP llmlt of 7.0 psi is needed to achieve'the required
het soak, dlurnal and running loss emissions reductlons

' :We do not belleve that a 1imit of 7.0 psi will requlre
reflners to blend their gasollne to levels of 6.6 or 6.7

- psi. The new automated test 1nstruments that are currently
belng used have qreater prec1510n “than the older Reid
'method._ The use of these 1nstruments w111 enable refiners
to blend gasoiine closer to the actual regulatory'limit.“

(page 24)

In my mind, to be closer +o 7.0 than 6.7, we would have to be at

least 6.85.

In calculating the credit for RVP reductions the staff determined
the grams per mnile emissions at 7.0, not 6.9 or 6.7. (TSD

Appendix 13)

An average RVP of 6.9 would, therefore, appear to be consistent

with the RVP anticipated by staff.



There is one additional reason to adopt an averaging
specification. At the November 1991 hearing I predicted that
the CARB Phase 2 specifications would exceed any standard EPA
might set for federal reformulated gasoline.for the year 2000.
I was wrong. CARB Phase 2 gaso;ine specifications entered into
the EPA certification model, which is the only way to determine
compliance, will not meet the year 2000 requirements for VOC
reductions. -However, entering 6.9 psi for RVP will make.CARB

Phase 2 qualify in the year 2000.

‘Although Unocal has been discussing this issue for séme time we

do not feel it has received the examination appropriate to the
situation. We therefore respectfully request that the Board

adopt the following resolution:

Be it resolved that the Board directs the Executive officer
to work with industry and other interested parties to
reexamine RVP averaging, and to schedule a rule making
hearing no later than January 1995 for the Board to consider
adoption of any recommendation that may be developed that
would provide industry additional flexibility while

preserving emission reductions.

I would be pleased to answer any questions you may have.

12
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Dennis W.Lamb
' Manager, Fuels Planning
Plaaning and Services

June 3, 1994

Board Members and Executive Officer
California Air Resources Board '
2020 L Street ‘ ‘
Sacramento, California 95812

- Dear Mr. Boyd and Board Members,

Unocal wouid like to take this oppbrtunity to comment on the pfomulgat_ion of CARB's

- complex model and revisions to the Phase 2 reformullated gasoline (RFG) regulations.
We actively participated in the rule making process during the months leading to the
November, 1991 passage of the rule, and were particularly vocal in our support for the
predictive model compliance option, which staff now brings to the Board for adoption.

' Since the adoption of the final Phase 2 rule, we have continued to work with staff both
directly and through the'Westem States Petroleum Association (WSPA) to expedite
model development and to :nsure'smooth implementatiori of the regulation. | Over the
past several months, in particular, we have devoted considerable resources in an effort to

~ resolve a number of difficult technical issues associated with the predictive model. We
also want to thank staff for their efforts over the same period. We appreciate staff's
receptivensss to our issués and recognize that the current staff proposals represent giant

strides in addressing our concerns.
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We have participated in the preparation of the comments being submitted by WSPA and

support those comments. Our comments raise additional issues and lend additional -

| suppoﬂ to some of WSPA's comments. Before commentmg on the predlctwe rnodel and =

the revisions to the Phase 2 regulauons proposed for the June 9 1994 Board hearing, we

would like to briefly cover two major areas of concem. _

’ ADEQUATE REVIEW PERIOD

" The first issue is the procedural matter of havmg adequate time to review the exact

- proposal the Board will be asked to evaluate during the hearing. Durmg more

controversial previous heanngs ‘we expressed to the Board our belief that changes to the
staff proposal should be provided to impacted parties sunlclently in advance.of the

hearing to allow enough time toanaijrze and respond to the proposed changes.” Even

~ though we hope to be generally supportive of staff's last minute .changes this time, we

need to point out that we have vet to see the entire slate of staff's proposed changes, and

how certain changes may be implemented.

RVP AVERAGING

Our second, and extremely important, issue is RVP averaging and the associated concern
regarding the absence of RVP operating flexibility during the Phase 2 RFG regime. We
understand that revisions to the Phase 2 RFG speciﬁcations are excluded from the scope
of the June 9 Board hearing. However, we are concerned that federal and state
regulations (as they exist today), coupled with pipeline specifications, enforcement
margins of safety and bleﬁding variability, will likely reciuire the production of gaéoline

with RVP below 6.6 psi to meet the 7.0 psi specification.

EPA reformulated gasoline regulations applicable to Southern California limit fuels

certified by the simple model to a minimum RVP of 6.6 psi. Commeon carrier pipelines.
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have generally imposed an additional standard on RVP- to be 0.1 psi below the regulatory

: standard to accommodate vapor recovery systems at their terrnmals Barring any
- significant rehef frorn these constraints, we W111 probably have to target productron

 between 6. 6and 6.9 psiin 1996. Givena 0.2 psi RVP within laboratory test repeatablhty

this narrow operating range (which we refer to as the "RVP box"), does not provtde
adequate margin to account for blending variability and test precision. Furthermore, we
must point out that the 1992 and 1993 summer survey data indicate that California fuels

were typically 0.6-0.7 psi below the regulatory standard. Projecting similar offsets while

' producmg Phase 2 RFG leads us to an RVP range below 6.5 psi, where no mforrnatmn on

- fuel performance exists.

' CARB staff have recently _stated that low RVP levels raise corl_oerns regarding the

, driveability and/or explosivity characteristics of such fuels. Automobile manufacturers

have also commented on recent drivability problems with low RVP fuels and have
objected to EPA's suggestion to lower the Simple Model RVP minimum to 6.4 psi.
Flarnrnability studies done in the past indicate a problem could exist with weathered, low
RVP fuels in cold ambient conditions such as those found at higher California altitudes
during the March and October control months. The flammability issue is currently being
investigated by the American Petroleum Institute (API), with results from this study

expected later this year.

Unocal has recommended adoption of RVP averaging at 6.9 psi with a cap at 7.1 psi as
the sclution to the problem. We favor this approaeh because it addresses our operating
flexibility concerns, while providing additional assurance that drivability and
flammability problems that may exist in very low RVP fuels can be minimized. We have
already approached EPA for relaxation of the minimum of 6.6 psi in the final rule.

Because of the objection to this change voiced by the American Automobile



Manufacturers Association (AAMA), we do not believe that EPA will implement this
change (see aftached letter from AAMA to EPA, dated 4/29/94). waever we note, tha;t
despite their objection to the direct final EPA rule change the AAMA recognizes that
resetting the RVP minimum to 6.4 psi for California Phase 2 RFG fuels would not have

- an adverse dnvablhty impact.

Allowing RVP averaging at 6.9 psi with a producﬁon cap at 7.1 psi will effectively solve

 the operational problem and ensure that the emission benefits envisioned in the Phase 2

regulation are realized. Refiners could then target production at 6.8-6. 9 psi and still have

02 p31 operatmg margin (i.e., one full test repeatabllxty) on either side of the produc‘uon

target. T‘ne key issue is whether t& cting RVP at 6.9 psi will realize the benefits of the |

program that staff assumed in 1991. Based on staff's Final Statement of Reasons (FSR)

- for the Phase 2 RFG reguldtion, 1t 15 staff's 'expectation that actual RVP levels would be

closer to the regulatory standard than 6.7 pSi (FSR, p. 24). Although staff does not
specifically define what "closer to the regulatory standard" means in terms of an average
RVP production value, we believe that a 6.9 psi target would capture the beneﬁts
env1s1oned in the Phase 2 RVP reduction. Moreover, since staff based their estimates
during regulatory adoption on a 7.0 psi RVP (Appendix 13 of October, 1991 Technical
Sup_port_Document , the VOC reduction benefits est@mated for RVP reduction from
Phase 2 RFG may actually be exceeded under our pro_posal. The AAMA supports our
proposal for RVP averaging at 6.9 psi effort, but they have objected to our efforts to

obtain relief from EPA on the 6.6 psi Simple Model RVP minimum.

CARB staff have acknowledged our concerns, but have refused to recommend any
corrective action for the June 9 hearing. Staff has offered to participate in our discussions

with the pipeline companies and, if necessary, to rehear the industry's argument on this
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1ssue at some unspecified future time. We suggest that the Board direct staff to return to

the Board with a recommendation on this issue within six months

THE PREDICTIVE MODEL

- The following comments are based on what we believe the final predictive model will be

without having the opportunity to examine it. We endorse the WSPA comments on the

predictive model and the averaging provisions of the Phase 2 regulation. We are pleased -

that most of the model decisions have been based on sound science and have observed
our basic criteria of necessny and cost effectiveness. The proposed removal of the
reactivity and CO equivalence criteria from the final modeI are very positive steps 1n

providing the opera‘o g flexibili model was 1nfended. to afford us. Furtherm ore, we

| fully support staff's proposed selectlon of a newer vehicle fleet (as represented by vehicle

| Tech Classes 3 and 4) to base the model's fleet Welghtlng factors. We have always

maintained that "exact" .representation of the on—road_ vehicle fleet was not necessary to
develop a fuels certification tool such as the predictive model. Finally, we are pleased
that CARB staff recognizes our desire to have the final model remain in effect long
enough for us to recover our capital investment in facilities required to produce
reformulated gasoline.

The "final" predictive model that may be proposed by staff is the product of several
rounds of technical refinements and peer review. As such, it incorporates many of the
modeling recommendations that Unocal and others in the industry have contributed. We
are pleased that staff has chosen to ernploy random balancing to simplify the model. We
are also in agreement with staff's decision to discontinue the practice of forcing all linear
terms into the toxics model, because this can lead to improper representation of the trends
in the underlying database. We urged staff to use linear extrapolation to correct counter-

intuitive model trends wherever possible. We believe that our recommendation may be
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applied to correct the minima previously seen in the effect of the distillation terms

(T50&T90) on VOC emissions.

However, while we are generally supportive of the WSPA evaluation and comments on
the predrctrve model we need to point out that we have one Tmajor outstandmg technical
concern with the current model and, more spec1ﬁcally, with the RVP/V OC relatlonsblp
featured in the rnodel In the broadest terms, our concern is founded in the fact that a few,
highly influential observations can have a very large impact when a purely statistical

approach is followed in model development. We disagree with staff's position that the -

' robustness of the database a.llows the user to draw conclusions about relationships and

trends that were never included in any of the underlying emissions studies used to -

construct the data base This is particularly troublesome When non—hnear terms (1. e.s

‘quadratics and cross terrns) are allowed as candldate varrables when the underlying data

set does not contain results from at least one test prograrn designed to study their

significance.

Superimposing engineering judgment over pure statistics is essential to eliminate the
spurious effects that such quadratic terms can produce. It should come as no surprise
that, if one chooses to represent a set of points with a parabola, there will be a maximum
(or minimum) associated with the final mathemaﬁcel expression. Moreover, if there is
insufficient balance in the number of data points on one side of the minimum (or
maximum) versus the other or if one examines only a very narrow subset of the original
data, the selection of the quadratic mathematical form may lead to inappropriate
conclusions. Staff has recognized this imbalance in the VOC model responses to T50 and
T90, and is addressing it by applying linear extrapolation to correct the inappropriate

model response over the range where insufficient data exists.
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Unlike the T50 & T90 responses in the VOC model, staff had not agreed to apply this

technique to correct the similarly counter-intuitive trend seen in the RVP response of the |

B base Tech 4 vocC model, which features an increase in exhaust VOC's as RVP is reduced

- below 7.5 psi. While it 1s generally accepted in the industi‘y that, at some level, reducing |

RVP will have an adverse impact on exhaust VOC emissions, there exists no conclusive

evidence that this occurs at the 7.5 psi RVP level shown in the base CARB-8 model.

Also, the fact that the corrésponding Tech 3 exhaust VOC model does not féatu:re a .

similar trend also suggests that the model's behavior is not reflective of any real world

effect, and is merely a consequence of the quadratic mathematical expressibﬁ chosen to fit
the data. EPA's complex model does not exhibit such behavior; in it, both evaporative

and exhaust VOC emissions are lowered as RVP is reduced.

Staff's correction for this issue, i.e., fixing RVP ai 7.0 psi, is technically inappropriate.
First, the base CARB-8 model is random-balanced over the 6.5-7.5 psi range, where less
than 2.6% of the available Tech 4 data lie. This results, effectively, in the elimination of

all data‘to one side of the observed minimum. As a result, the random-balanced mod'el no

longer features the non-linear response. The parabola has been replaced with a straight

line which unfortunately has a negative slope, meaning that exhaust VOC's increase,

albeit slightly, as RVP is lowered.

To correct the problem in the random balanced model, staff proposes to merely fix RVP:
in the model at 7.0 psi. This is, at best, a "technical Band-Aid". If the coefficient of the
RVP term in the VOC fnodel is flawed, then .the remaining terms are also in need of
revision. Moreover, the proposed RVP "fix" allows. the user no flexibility to gain credit
for a sub-7.0 psi RVP fuel with reduced VOC enﬁé.sions. For example, assuming that
overall VOC emissions decrease as RVP is lowered from 7.0 to 6.8 psi, there exists no

incentive under the present model for refiners to provide this benefit. -



We understand that part of staff s predicament is that the maj onty of the beneﬁts

assoc1ated with reduced RVP are from reductions in evaporatlve rather than exhaust

“emissions. None of the models considered by staff contain a module to calculate |

evaporative emissions, making it difficult to perform a precise analysis of the overall '

RVP effect. If we start with the staff assumption that the data is'accurately represented

by the proposed model, then we must reason that the 7.0 psi RVP standard was set based

on the expectation that evaporanve benefits outweigh exhaust increases as RVP is

reduced from 7.5 to 7.0 p51 If that is the case, then staff in disallowing RVP below 7.0
psi, must beheve that the evaporatlve emission beneﬁts are substantially lower, or that

exhaust emissions increase dramatically over the same range. To the best of our

- knowledge, no such information has been presented.

The combined effect of the erroneous eﬁ;haust VOC trend and lack of evaporative VOC
credit is to eliminate RVP as a cost effective VOC control parameter in the predictive
model. This is particularly disturbing, since numerous studies have established that RVP
reduction is the most cost effectlve means available to refiners for VOC control. Of
course, in all such analyses, credit is provided not only for the exhaust beneﬁts associated

with reducing RVP but also for the evaporative benefits of such fuels.

Proper treatment of RVP in the final CARB predictive model is also essential to ensure
that California Phase 2 gasoline exceeds the federal VOC year 2000 performance
standard. Neitner the per-gallon nor the averaging California Phase 2 specifications
currently available meet the minimum Phase 2 federal VOC reduction targets without
RVP reduction below 7.0 psi. Both CARB and the California refiners can argue that RVP
substantially below 7.0 will be actually produced in order to consistently comply with the

7.0 psi specification. This powerful argument will be severely dampened if EPA can
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point to the final CARB model and show that lower RVP will not yield incremental VOC

benefits. .

: VEHICLE FLEET WEIGHTING

We support the proposed fleet welghts as they 1nd1cate staff’s recognition of our need for

sufficient tune to recover our large investment in facilities to produce RFG We feel that

| the vehlcle class weights used in the model should enable us 1o use a reasonable -

: 1nvestrnent recovery sehedule in evaluatmg RFG—related capltal pIOJects

o WINTER co MODEL

£ 41,

We support staffs recommendatmn to remove CO as one of the proposed medel

: equlvalency cnterla However ‘we are concerned that the issue of a winter CO model L

may be rev1s1ted at some future t1me as part of an overall assessment of "Wmter _
requirements”. We contirnue to maintain that stability and certainty of the regulatory
environment are essential for us fo formulate and carry out our strategic plans. Key
investment decisions to achieve compliance in a timely fashion may be adversely
impacted if CARB iaroceeds to augment the Phase 2 regulation with a winter model after
the June hearing. As a result we urge the Board to consider any additional Phase 2
gasoline certification alternatives ‘involving potential use of a wintertime CO model as

strictly optional.

AVERAGING PROTOCOL

Unocal fully supports WSPA's comments on the proposed modifications to the averaging
provisions of the Phase 2 regulation. We appteciate the effort of Compliance Division
staff to address our concerns regarding enforcement of Designated Alternative Limit
batches which we see as essential to any determination of the viability of the averaging

option. We believe that Compliance Division's current intentions and outlook on
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Designated Alternative Limit enforcement satisfies our concerns and will ensure the-

: workability of the averaging 'option. :

_ IMPLEMENTATI ON TIMING

We agree with staff's assessment that the tnnmg and manner in which Phase 2 gasohne is

: 1ntroduced and enforced will affeet the short term 1rnpact it has on the market Itisalso

er1t1ca1 to. mtroduce anew regulatlon under a stable supply environment, i.c., to avoid '

'..perlods Where other 1nﬂuences may be affectmg the market

: 'In view of the above, we concur w1th CARB's proposal to extend the downstream
'.comphance dates (to Apnl 15 for termmals and June 1 at retaﬂ) Whne retaining the \’Iarcu o
1, 1996 reﬁnery comphance date. We beheve that the adverse unpact of delaymg

-downstream comphance on air quality is relatlvely 1ns1gn1ﬁcant in comparlson to the

potentlal disruptive impact of a large market disturbance. However, we urge CARB to
closely enforce the regulation during the extended "turnover" ‘period to ensure that the |
large incentive for downstream cheating is minimized. We are especially concerned
because it does not appear that EPA will finalize a rule to include a "marker" in

conventional gasoline which would assist in enforcement.

In summary, we support staff's proposed modifications to the Phase 2 regulation and are
reasonably satisfied that the proposed predictive model will satisfy the basic criteria of a
fuel certification tool. We consider resolution of the averaging.protocol issue critical, and’
are pleased that ARB's contemplated enforcement practices will permit us to realize the
operating flexibility envisioned under the averaging provision. We see opportunity for
technical improvement in the model's treatment of RVP and we continue to urge CARB

to consider RVP averaging as the means to relieve the lack of operating flexibility we

 foresee while producing Phase 2 RFG. We would like to see the Board affirm its intent to



. . g

- v —

~ allow the reguiation that will emerge from the 'June 9 Hearing remain in effect long
o enough for us to recover our sizable 1nvestme11t n facﬂltles to produce Phase 2 RFG
' Fmally, we support CARB 5 dec131on to extend the downstream compliance dates but

| : recommend safeguards to ensure that ehea’anU 18 controlled during the trans1t1on perlod.‘ :

Sincetely,

@W&JW

Denms W Lamb

‘\/Ianager Fuels Planmnb

ce: P. Venturini (CARB)
A. C.Randle
J. L. Rafuse

NLE/arb04
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' Andrew I Card, K. ' o : ]
" Prorident e Chiel Executive Offcae | Aprl 29, 1994

. VIA FAX: (313) 741-7816

Mr, Dave Korotney

U. 8. Enviroumental Protection Agency
Fuel Studies and Standards Branch
2565 Plymouth Road '

Ann Arbor, MI 48105

We roctived your leter, dated April 21, 1994, regarding a potential Direct Final
' Rulemaiing (DFRM) o correct #nd clarify the Beformmlated Gasoline (REG) final rule issued

' on February 15, 1994, (58 Fod. Reg. 7715). While we agree that 2 DFRM i the appropriaic -

" method to correct typographical and other similar errors, several of the changes you are = -
suggesting go well beyond that scope. In fact, some of the changes could be seen as an attempt

" to modify the Negotiated Rulemaking Agreement in Principle. We are concarned that we have

not had sufficient ime to thoroughly consider all of the implications of the changes proposed in

your letter, but we do have the following detalled comments to offer at this time.

EPA’s Class | errata contzin proposed conditions and fimitations for use of the Complex
Model outside the valid model range limits for conventional gasolines [reference Section
80.91(H(2)I)]1. udad in those limitations are constraints on the value of various fuel
paramsters for individual batches of fusl. No mationale is offered for the selection of those
ranges; however, AAMA has reviewed the expected test reproducibility for measurement of the
various fuel parameters, with the most commonly used measurement test practices, On that
pasis, AAMA believes that some of the ranges specified should be modified, to more closely
align them with current st reproducibility. Specifically, the plus/minus range extension for
Rvp should be reduced to 0.3 psi; the extension for fuel aromatic content should be reduced to
3.0 volume percent; and the betzene range extension should be set at 0.3 volume percent. The
range extensions proposed by EPA would allow wnnecessary variation of these parameters; the
memm,WmmmmmyWth
volatility/poor distillation characteristic foel combinations, and related driveability and emissions
impacts.

Tn the Class 2 errata, EPA proposes to amend Sections 80.42(c)(1) and 80.45(fX1), w0
claﬁfyagmcyinmnt,bydxanginaﬁwhighmdofﬂwvﬂidoxygmmwmﬁomaﬂwdzht
percent to 4.0 weight percent, The stated purpose is to account for lower density ethanol blends
in the winter season, for both Simple and Complex Models.

AAMA and other participants in the Negotiated Rulemaking process recognized the
inclusion of oxygenates at levels up to those granted CAA Section 211(f) waivers or covered by

Wrmm '—’FﬂrdMCocm . (leneral ¥otors Corporstion -

e e A4 _na—_Q4 N&E-2RAPM  PAN? BOL
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EPA’s Substantially Similar rulings, While EPA has recognized small variations of oxygen Lo
cmmﬁommoseappmvndbymwofmeabovcpmcesm,AAMAOppmmpmpowd
change from 3.7 to 4.0 weight perceat because it falls outside the nosmally accepted range for
‘existing vehicles. The resultant increased level of oxygea may lead to some driveability
concerns in vehicles. : : : T o

- BPApmpomuamangcthelowcrﬁmitofkmintheSim;ieModdfmmé.&pgt06.4
psi [rcference Section 80.42 (cX1)]. AAMA research programs, and the research of other
companies, have provided strong evidence that fuels having low Rvp and high Driveability Index
(])I),pmducehighervchic]senﬁssiomandpoorcustomexsaﬁsﬁction. “The tread of commercial
gasoﬁmainmtyun-hmhighcrm's,melaﬁngmdecﬁnminvolaﬁ]ity.Inmponse-m' '
-ﬂmﬁrstphaseoftheEPARvpmndaxds,wmereﬁmhav:mducedkvphujacumﬂyinczmsed: -'
the DI (a higher DI i3 correlated with poor vehicle peformance). Properdy reformulated
. gasolines do not reult in increased DL The simple model does not provide a mechapism for
- screening out fuels with poor driveability characteristics. We strongly oppose any further
" reduction in the lower Rvp limit without specific limits oo DI Ce e T
. AAMA requests that EPA give very sezious consideration to this input and include inthe
_ DFRMMyﬂwimm_ﬂmtdonot'adverselyimpmﬂwgoﬂAcfﬁteRFGpmgmm. If you
. havcanyquwﬂmwgardimuﬁsmanm,plﬁsccﬂl.mataﬂ)snem." e

o Sincerely,

Brtd 4 5t

Vehicle Bnvironment Department

-oc _
' Mary T. Smith
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A Lege R 5 o
T3 < L ' Dixon B, Smith
S0 ‘ General Manager o
: : : Strategic Pianning and Business Evaluztion
; . Phane 415 834 3268
. o ) . fax 415 89_4 2789
Ms. Pat Hutchens
Board Secretary _
Air Resources Board
- PO, Box 2815

- . Sacramento, CA 95812

; Dear M. Hutchens

I wish to comment on. ﬂ]ﬁ proposed amendmnts to the Cahfom1a Phase 2 R.eformlﬂated Gasolme _
Rﬁgulanons including amendments prowdmg for the use of a Predictive Model | :

We have been working w1th CARB s staff aver the last two years to deve10p a useful Predmtwe
Model and to improve the usefulness of the averaging provisions. We wish to commend the staff
for their effort. ‘We greatly appteciate their cooperation in developing the Predictive Model and
their understandmcr of our need for clarification and modlﬁcataon of the averaging provisions:

We are, however_, concerned thiat the proposed modified compliance schedule could lead to -
increased cheating. We previously voiced our concarns on this issue and received written

-comment that the Compliance Division will make every reasonable atternpt to prohibit the sale of
illegal gasoline both during and after the Phase 2 gasoline transition period, While the intentions
are good we believe addltmnal safeguards are needed. 'We strongly recommend that any tank car
or tank truck of gasoline imported into California during the transition period March 1 to June 1,
1996 be held to the same accountability as any importer. They must comply with all Phase 2

- gasoline requirements and report their volune, specifications and distribution to Compliance
- Division when this fuel first enters the state. : | _

We believe that a substantial amount of knowledge ha.s been gamed during the development of the
Predictive Model, which may be applicable to the vehicle test option. In its current form the
vehicle test option is of little use. We urge staff to undertake this evaluation and we are willing
to work with staff to develop acceptable modiﬁcations. _ :

We recognize that a number of impleméntation issues, ihcluding the question of compatibility, still
must be addressed prior to the March 1996 deadline. We urge CARB to take the steps necessary
for a smooth transition 10 Phase 2 gasoline wizle preserving the environmental benefits. This

4.!{[»
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mludes formation of the broad based advisory committee described in Secretaxy Strock‘s Apnl
19, 1994 letier to Senator David Kelley.

 We also Support the comunents supphed by WSPA.

-

M. Jacquelme Schafer
o Mr Tom Iennmgs -

" Sincerely




Text of Testimony to the Air Resources Board
June 9-10 Public Hearing

Exxon Company, USA

Refining Department

Thomas R. Eizember

(Slide 1)

Good Morhi.ng. My narhe is Tom Eizember.

|.am providing these comments on the proposed Predictive Model on behalf of .
- Exxon Company USA's Refining Department. '

This ﬁrét slide .shbws two statements taken from the Air Resources Board notice
- of this hearing. S

‘The first statement references both the Predictive Mo_def and the averaging
protocol proposed for adoption at this hearing. ‘

Both proposals were intended to provide additional flexibility in gasoline
production without sacrificing either emissions benefits or enforceability. .

The second statement expresses the ARB's expectation that this flexibility will
reduce production cost and minimize the potential for supply disruptions.

We do not believe that the proposed Predictive Modetl will fulfill this expectation.

The flexibility of the proposed model has been severely limited by two policy
decisions, and the resulting model does not provide meaningful fiexibility.

Attempts to change these to decisions have been unsuccessful, and we appeal
to the Board to reconsider these positions. ' ‘

| will use a example to demonstrate this severely limited flexibility.
(Slide 2)
This‘ slide shows the basis for my example.

| will compare the flexibility provided by an example fuel formulation using the
CARB 8B Predictive Mode! and the EPA Complex Model.

The EPA model is the resulf of an extensive development effort involving
industry and government technical and statistical expertise. '

-1



Evaporative emissions make up a substantial portion of automobile emissions --
half or more depending upon the choice of assumptions. o

The EPA model gives significant consideration to evaporative emissions.

By excluding these emissions from consideration, the CARB model excludes an
area of large potential flexibility.

In discussions with CARB administration, Exxon has objected to excluding
evaporative emissions from consideration, and we have not yet seen a justifiable
argument for this exclusion. :

Second, the ARB model uses potency weighting factors to determine toxics |
equivalency, unlike the EPA model which uses mass weighting of toxics.

The potency weighting factors used by ARB have been repeatedly questioned
by industry. -

- Exxon has objected to the toxics weighting decisions in discussions with the

ARB administration when it became apparent that the staff was unable to
change the agency position on toxics..

Exxon Biomedical Sciences will be entering additional information into the record
of this hearing challenging CARB's potency weighting factors.

These policy decisions on evaporative emissions and toxics weighting severely
limit the flexibility of the ARB model, and they wili prevent the model from
fulfilling ARB's expectations.

In the area of technical and statistical modeling techniques, most of the
differences between industry and the ARB staff have been successfully
resolved, and the ARB staff is to be commended on their efforts in this area.

Only a few issues remain, and these issues have b'een detailed in WSPA's
comments to this hearing. :

'won't go into them further, except to say that they play a minor role in the
reduced flexibility of the ARB model, compared to the role of the two policy
issues. -

(Slide 5)

ln'summary then, 1 provide the comments shown here.



First, the substantiai effort by the ARB staff and WSPA to develop the current -
proposal should be recognized and commended

The serious conS|derat|on that the ARB staff gave to WSPA‘s modehng
suggestlons is very much apprecxated

- However, the staff has mamtamed that the deolslons on toxics we:ghtlng and -
evaporative emissions are "policy” issues and that the staff is notin a posmon to
con3|der changes in these areas.

As aresult of the ARB's posmon on evaporatlve emlssmns and toxlcs weighting,
the ﬂex:blhty prowded by the ARB model is S|gn1flcantiy limited.

" We believe that use of the proposed model will not meet the expectatlons for
meaningful reduction in the Phase 2 gasoline productlon oost or reduotlon in the
potenhal for supply d:srupttons :

__'We urge the Board to understand and consnder the consequenoes of the
‘evaporative emissions and toxics weighting policy decisions on the Predictive -
Model and ultlmateiy on the product;on cost and supply availability of Phase 2

- gasollne _

Thank you.



PREDICTIVE EMISSIONS MODEL

From the April 12, 1994 Noticé of the June 9 CARB Board Meeting:

". . .designed to provide additional flexibiiity to gasoline producers
and importers without sacrificing either the emissions benefits or
the enforceability of the Phase 2 RFG regulation."

"This additional flexibility is expected to allow producers to make
more gasoline at a lower cost, thereby lowering the expected cost to
consumers and minimizing the potential for disruptions in the supply
of gasoline." ' |

Exxon Company, U. S. A.
Trm Eizember |



COMPARISON OF FLEXIBILITY
Compare the flexibility of the CARB 8B Predictive Model to the EPA
" Complex Model using an example fuel: D o

Phase 2 - Example
Flat Specs o - __ Fuel

Oxygen, wt% 1.8-2.2 20
Benzene,'vol% -~ 1.0 I A 0.95]

Aromatics, vol% 25 o 25
Sulfur, ppm 40 R 30L !
T50 °F 210 210

T9OF 300 Determine max allowable via Models

Olefins, vol% | 8.0 Dété_rmi'ne ma_x alldw'éb_le \(ia Mddels |

-2—'__25_. -



COMPARISON OF FLEXIBILITY

Example Fuel Revised Specs

Phase 2 Using Using EPA
Flat Specs CARB 8B Complex Model
RVP, psi 7.0 6.9 69
Oxygen, wt% 1.8-2.2 2.0 2.0
Benzene, vol% 1.0 095 095
Aromatics, vol% 25 25 25
Sulfur, ppm 40 30 30
T-50, °F 210 210 210
T-90, °F 300 305 330+
Olefins, vol% 6 64 83

o= BARB 8B model provides only ~20 percent of the T90 and olefin flexibility
of the EPA Complex Model

2.



FACTORS LIMITING PREDICTIVE MODEL FLEXIBILITY

1

MAJOR FACTORS -- POLICY DECISIONS

e Evaporative emissions effects excluded

e Questionable toxncs potency welghtmg factors lncluded Wlth especrally
high emphaSIS on 1, 3-butadiene | .

MINOR FACTORS -- MODELING'TECHNIQUES

e Inclusion of statistically m3|gn|f|cant terms |

e Existence of quadratic responses Wlthln range of mterest



SUMMARY

o Su'bstahti'al effort by CARB and industry to develop current proposal

e CARB staff consideration of industry suggestions is appreciated

'® Policy decisions on RVP and Toxics significantly limit the proposed

model :

* Use of the proposed model is unlikely to provide a noticeable decrease
in production cost or increase in Phase 2 gasoline supply

TRE:db
8/94
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European Centre for Ecotoxicology ) - Avenue E. Van Nieuwenhuyse 4, B. 6
and Tavicenlaav of Chemicale R - 1180 Bnissele Belnium



ECETOC SPECIAL REPORTS

No. Title

(No.1 Existing Chemicals, Guidance for Completing the ECC Data Set \ |
No.2 Existing Chemicals, Recommendations for Priority Setting
No.3 Studies on Toxicokinetics and Mac_romolecular Binding of Styrene

"Vol.1 Study on the Kineticé of Styréne and Styrene Oxide in Rats énd Mice.

 Vol.2 Investigation of the Adduct Fﬁrmatidh hetween Styrene or Styrene Metabolites
and Hemoglobin or Blood Proteins in Rats and Mice (in vitro and in vivo). -

Vol.3 Investigation of the Adduct Formation between Styrene (S) or Styrene-7,8
~Oxide (S0) and Deoxyribonucleic Acid (DNA) in Rats, Mice, and in vitro.

K No.4 1,3-Butadiene, Criteria Document.




PREFACE

This report has been prepared by ECETOC for use by the Commission of the EG .
DG V and its Scientific Expert Group. It contains an original review and
assessment of toxicological data and quantitative risk assessments (chapters 7 to.
10) to provide a scientific basis for an occupational exposure limit for 1,3-butadiene

" (chapter 12). information on occurrence, production and use, exposure and

uptake, and measurement techniques (chapters 3-6) has been drawn largely from’
existing reviews. : - :

- SPECIAL ABBREVIATIONS

1,3-BD  1,3-butadiene _
CFU-8  colony-forming assay of stem cells
- CFU-GM CFU of granulocyte/macrophage
.CAG Carcinogen Risk Assessment Group (US EPA)
DEB 1,2:3,4-diepoxybutane o
EB - 1,2-epoxybutene-3
eMulV  ecotropic MulLV retrovirus
GSH . glutathione '

HLC haematopoietic and lymphatic cancer
HPLC high-pressure/performance liquid chromotography
LOEL lowest-observed effect level
MS mass spectrometry

- MulV murine leukemia virus
NOEL No-observed effect level
NTP | first mouse study by US National Toxicology Programme (NTP,
1984; Huff et al, 1985) 7
NTP Ul second mouse study by NTP (Melnick et a/, 1990a,b: Melnick and
Huff, 1992a), see references not cited: NTP, 1992
PB-PK  physiologically-based pharmacokinetic (model)

SBR styrene-butadiene rubber
SMR standard mortality ratio
SCE sister-chromatid exchange

SLRL sex-linked lethal

SMART somatic mutation and recombination test :

STEL short-term exposure limit (15 min, unless specified)

TWA time-weighted average (concentration) for an 8 h working period
uDS unscheduled DNA synthesis :
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SUMMARY AND CONCLUSIONS

1 3-Butadiene (1,3-BD) is a colourless, non-corrosive gas with a mildly aromatic or

. gasoline-like odour. 1,3-BD polymerises readily, especially in the presence of
oxygen. The technical product is shipped as a liquified gas under pressure with an

inhibitor to prevent polymerisation and/or peroxide formation, such as p-tert-butyl’
catechol. ' ' ' :

1,3-BD is not known to occur as a natural product. Industrial emissions arise

- during (i) production of crude 1,3-BD and petroleum refining, (i) 1,3-BD monomer

production, (iii) transfer of 1,3-BD, (iv) production of 1,3-BD containing polymers,
derivatives, rubber and plastic products manufacturing. 1,3-BD has also been
identified in automobile exhaust, cigarette smoke, and gasoline formulations, and
small amounts are released by the burning of plastics or rubber.

- Exposure Levels and Daily Intake

There is limited information on occupational levels exposure in Europe (see below).

The Conseil Européen de I'Industrie Chimique (CEFIC), the International Institute of - B

Synthetic Rubber Producers (IISRP) and the Association of Plastics Manufacturers,

~in Europe (APME) have started to collect European exposure data.

in-depth industrial hygiene surveys were conducted by the US National Institute of
Occupational Safety and Health (NIOSH) at four monomer and five polymer
manufacturing plants. Occupational exposures 10 1,3-BD in most process. areas
were less than 10 ppm; however, maximum 8-h time-weighted average exposures
(8-h TWA) were frequently between 10 and 125 ppm (in one case as high as 374
ppm) in operations involving decontamination and maintenance of process
equipment, sampling and analysing of quality control samples, and joading or
unloading tank trucks or rail cars.

Based on data used to underpin the German TRK value, personal exposure levels
(8-h TWA) are approximately 5 ppm, with maxima of 30 ppm during the
manufacturing and purification of 1,3-BD in petroleum refineries and extraction
tacilities. Data from the USA show that many job categories have exposures below
or around 5 ppm, the great majority of ievels lying below 10 ppm, with the
exception of maintenance and distribution jobs. Exposure leveis (8-h TWA)
associated with manufacturing and use of gasoline are generally very low.

High exposures (5 to 50 ppm, 8-h TWA, max. 500 ppm) occur during the
connection of pipes for transfer of 1,3-BD (reported in Germany).

Workplace 8-h TWA concentrations during the manufacturing of 1,3-BD based
polymers in Germany were between 10 and 20 ppm {mixture of personal and
background measurements), with a maximum (peak) concentration of 50 ppm.
Data from 5 polymer plants in the USA showed personal exposure levels generally
below 0.5 ppm, with two exceptions at approximately 5 ppm. In two other surveys
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of the North American synthetic rubber producers, the majority of exposures was
below 10 ppm. The latter picture is confirmed by data collected during health

surveys or epidemiological studies. These exposures should not be regarded as
representative of conditions in the 1940's, when exposures were higher.

No 1,3-BD could be detected during the manufacturing of tyres from synthetic
rubber. The evaporation of 1,3-BD from other plastic products should not constitute
a significant source for exposure at end-use.

1,3-BD has been detected in urban air in the USA at ppt to ppb levels, 1,3-BD may
also be present in indoor air, e.g. due to cigarette smoking and in drinking water.
No residual 1,3-BD could be detected in foodstuffs packaged in materials made
from 1,3-BD. :

The non-occupational daily intake has been calculated to be 2.62 pg/person,
assuming a mean urban air concentration of 0.29 ppb/day (USA data, section 5.3.1)
and human air intake of 20 m®day.

Measurement

Almost all methods for the sampling of 1,3-BD in air involve the collection of a large
volume of contaminated air and concentration of the volatile compaonents, including
1,3-BD (e.g.by adsorption onto charcoal and desorption by methylene chloride).
This solution is then separated, and the compounds identified and analysed by gas-
chromatography (GC) equipped with a flame ionisation device (FID) or electron
capture device (ECD). These methods allow for the dstection of very low
concentrations, e.g. in the background workplace or ambient air (down to ppt
levels) (HSE, CONCAWE and NIOSH methods).

For personal monitoring at the workplace, gas detector tubes are used.
Toxicity

There is an extensive data base on the toxic effects of 1 ,3-BD. Toxicological studies
have revealed a remarkable difference in sensitivity to 1,3-BD between the mouse
and all other speciss investigated.

The metabolic elimination of 1,3-BD is linearly related to the ambient exposure
concentration up to about 1000 ppm in rats and mice, with mice showing higher
elimination rates. Above 1000 ppm, metabolic pathways are approaching saturation
in these species. In monkeys the metabolic elimination of 1,3-BD appears to be
saturated at about 300 ppm. The biotransformation appears to be qualitatively
similar across species, including humans, However, differences in uptake and
kinetics of 1,3-BD resuit in quantitative difference in body burden of 1,3-BD and its
individual metabolites across species. Forthe metabolite 1,2-epoxybutene (EB) the
body burden in the mouse appears to be threefold higher than for the rat. In vivo
data on primates and in vitro data on human samples suggest that humans are
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closer to the rat than the mouse with regard to metabolism and resulting body

burden of EB.

Upon inhalation, 1,3-BDhas a low acute and subchronic toxicity. Thétarget organs

" in the mouse are the central nervous system (CNS) and the bone marrow, whereas

in the rat non-specific effects were reported.

1,3-BD itself is not genotoxic. The genotoxic action of 1,3-BD in various test
systems depends on its biotransformation to reactive metabolites. Some of these
metabolites apparently have the ability to directly interact with DNA and cause

_ gene-mutations and chromosoma!l aberrations. When comparing the results of in

vivo tests performed with 1,3-BD, ‘its genotoxic activity has been demonstrated
clearly in the mouse and equivocally in the hamster, but not in other species.

The carcinogenic effects after (life-time) inhalation of 1,3-BD were studied in
Sprague-Dawley rats and in B6C3F1 mice. The species differences between mice -
and rats were also observed in these studies. 1,3-BD is a potent carcinogen in
mice with tumours found in lungs of females at 6.25 ppm, the lowest concentration

“tested. At higher concentrations tumours were found at multiple sites. In contrast,

1,3-BD is less potent in rats, where statistically significant increases in tumour
incidences were observed at 1000 ppm and 8000 ppm. The tumour pattern in both
sexes of the rat suggest that a hormone-related mechanism is involved. The only
tumours seen at 1000 ppm with statistically significant increases were mammary
gland tumours in the female. The majority of these tumours were benign. There
was neither a significant increase of benign nor of malignant tumours when
considered separately. Based on this information 1000 ppm is a NOEL for the rat.

“ Special studies designed to assess fertility did not show adverse effects in guinea

pigs, rabbits and rats. Developmental toxicity studies conducted with 1,3-BD show.
that there was no toxicity to the developing foetus at exposure concentrations below
those which caused maternal toxicity. Overall these studies show again the unique
susceptibility of the mouse to 1,3-BD.

With regard to the epidemiological studies, some authors recognised a qualitative
association between 1,3-BD exposure and haemotopoietic and lymphatic cancer,
while others see no causal relationship. The available studies, however, are.
inappropriate for quantitative risk assessment since, in the absence of measured
concentrations, the exposure data were only qualitative.

Quantitative Risk Assessment (Models)

Numerous quantitative risk assessments with regard to the carcinogenicity of1,3-BD
have been carried out. The range of risk values determined using the mouse
bicassay are incompatible with findings of the epidemiological studies. Values for
extrapolation on the rat bioassay also show some variation for the best estimated
lifetime risk. The predictive value of mathematical models used for extrapolation of
animal bioassay data to low human exposure is questionable because the models

- (i) are not validated, (i) are derived from mathematical assumptions rather than
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knowledge of biochemical mechanisms, (i) demonstrate a wide variety of risk
estimates depending on the models used, and (iv) give the impression to be
precise which cannot be justified from the approximations and assumptions upon
which they were based, Until these concerns are adequately addressed, this type
of quantitative risk assessment in unsuitable as a basis for setting an exposure limit.

Final Evaluation and Recommendation

With regard to the effects of 1,3-BD on experimental animals, it is obvious that the
mouse is more sensitive than all other species investigated. This holds true for
subchronic toxicity, reproductive toxicity, genotoxicity and carcinogenicity. Based
on the results of in vivo genotoxicity tests performed with 1,3-BD, it has to be
assumed that the potency of 1,3-BD to induce genotoxic effects in mice is higher
than in other species. Mechanistic data indicate that differences in metabolism,
both in the formation and removal of the epoxides, are in part responsible for this
difference in susceptibility. Based on the toxicokinetic data available for a
comparison of species including humans, the rat appears to be an acceptable
conservative model on which to base an exposure limit value for humans.

The carcinogenic potential of 1,3-BD is clearly the dominant concern of health
effects related to 1,3-BD exposure. There is some doubt whather genotoxic action
Is the eritical mechanism for induction of tumours in the rat. This is substantiated
by the tumour pattern observed in the rat which is more indicative of an indirect
mechanism mediated through the endocrine system. However, resolution of this
issue is not possible on the basis of the available information.

The uncertainties discussed above make it difficult to derive a scientifically sound
occupational limit. The lowest occupational exposure limit used in EC member
states today is 5 ppm (German TRK value for certain applications; based on
technical feasibility). This concentration is 200-fold lower than the identified NOEL
in the rat. In addition, with all the reservations expressed above considered, the
quantitative risk assessments based on the rat bicassay suggest that the risk of
additional cancer deaths at 5 ppm is low. Most important perhaps, epidemiclogical
data generally do not demonstrate any excess mortality from all causes, all cancers
or any other broad category of disease for past exposure concentrations which
were most likely higher than the current exposure concentrations. The controversy
with regard to the possible association between 1,3-BD  exposure and
haematopoietic and lymphatic cancer, which has been proposed by some authors
and rejected by others, still has to be resolved.

In view of all the available evidence, it is concluded that an occupational exposure
limit (OEL) of 5 ppm should protect workers against non-neoplastic and neoplastic
effects.

The ongoing research programme will add significantly to the understanding of the
mechanism and toxicokinetics of 1,3-BD-induced carcinogenesis, and provide
_information on exposure-based epidemiology. Thus, the OEL should be re-
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evaluated after this new information will have been incorporated into the database.

This work should be completed by 1895.

" Since skin absoi'pt_ion _of 1,3-BD is not a concern, no_skin n'otation is suggest'e'd. :

" There s no evidence to éuggest that it is critical to determine a short-term exposure -

limit (STEL). However, because of the uncertainty about the biological relevance
of high short-term exposures 10 1.3-BD, a STEL of 100 ppm (15 min TWA) is
recommended as a complimentary control to the OEL of 5 ppm. : ,

At present, no method for biological monitoring can be recommended.

A number of suitable methods are available for carrying out short-term, long-term

and continuous sampling measurements of 1,3-BD at the recommended OEL of 5
ppm (section 6.1). :
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1
1. SUBSTANCE [DENTIFICATION

|dentity

Common name:
CAS name: |
CAS registry N°:
EEC N

EEC classification:

EEC labslling:

RTECS N°:
IUPAC name:
EINECS name:
EINECS N°:

Synonyms and trade names:
DA:
DE:
EL:
EN:

ES:
FR;:
IT:

1,3-butadiene

1,3-butadiene

106-99-0 |
601-013-00-X, nota D

F+ ;R 13/ Carc. Cat. 2; R 45

R: 45-13
S: 53-9-16-33

El 9275000
1,3-butadiene
buta-1,3-diene

203-450-8

1,3-butadien
1,3-Butadien
1,3-8ovradiévio
biethylene
bivinyl
butadiene
butadiene, inhibited
butadiene-1,3
a,y-butadiene
frans-butadiene
diethylene
divinyl
erythrene
NCI-C50602
pyrrolylene
vinylethylene
1,3-butadieno
1,3-butadiéne
1,3-butadiene



NL:
PT:

Chemical group:

Formula:

‘Structure:

Molecular mass:

Purity of technical product:

Impurities of technical product:

Inhibitor:

1,3-butadieen

1,3-butadieno

unsaturated hydrocarbons

C.He
CH~CH—CH=CH,
54.09 (Weast et a/, 1988)

99.8% (min. 99.5%) (ICl, 1992)

- 1,2-butadiene, max. 20 ppm | :
~ peroxides (measured as H,0,), max. 5

ppm
acetylene, max. 25 ppm

sulphur, max. 2 ppm

C5’s, max. 0.1% wiw

butadiene dimer, max. 0.05% w/w

non-volatile residues {such as trimer)
max. 500 ppm

Carbony! (as acetaldehyde) max. 25

ppm

propadiene, max. 10 ppm

water, some (ICl, 1892}

75-150 ppm of p-tert-butyl catechol (ICI,
1992)
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CHEMICAL AND PHYSICAL F_’ROPERTIES

1,3-Butadiene (1,3-BD) is a colourless, non-corrosive gas with a mild aromatic
or gasoline-like odour. ltis a highly reactive material which can dimerise to 4-
vinylcyclohexene. 1,3-BD polymerises readily, especially in the presence of
oxygen. 1,3-BD in air can form acrolein and explosive peroxides (Sax, 1991 ).
Other chemical and physical properties are given in Table |.

TABLE |

Chemical and Physical Properiies

Parametar, units Value Reference
Boiling temperature, °C at 1,013 hPa -4.4 Weast et al, 1088
Melting temperature, °C at 1,013 hPa -108.9 Weast et a/, 1988
Relative density of liquid D, 621,1 Weast et al, 1988
(water at 4 °C = 1,000 kg/m®)
Vapour pressure, hPa at 26°C 2,477 Weast et al, 1088
Saturation concentration in air, g/ml at 20°C 5.4 Calculated
Vapour density at 20°C (air = 1) 1.87 Verschueren, 1983

1.9 Sax, 1991
Threshold edour concentration, mg/m® 1.0-3.5 Amooré and Hautala, 1983;
{odour: mildly aromatic) DECOS, 1990

4.0 Sax, 1991
Solubility in water, g/kg at 20°C 0.735 Verschueren, 1983
Solubility in alcohol, ether, acetone and benzene | Yes Weast et a/, 1088
Partition coefficient, at 20°C 1.99 Hansch and Leo, 1979™
10g Py, (octanotpweten . Jow and Hansch, n.d."

. Banerjee and Howard, 1988°

Flash point, closed cup, °C < -76 DECOS, 1990
Explosion limits in ait®, % 2.0-11.5 Sax, 1991
Auto-flammability, ignition temp., °C 429 DECOS, 1900 _

420 Sax, 1991

As quoted in Sax (1991)
As quoted in DECCS (1990)
Temperature range not specified

oo oo

As quoted in Hazardous Substances Database (HSDB, 1992)
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4

The technical product is shipped as a liquified gas under pressure with an
inhibitor to prevent polymerisation and/or peroxide formation, such as aliphatic
mercaptans or o-dihydroxybenzene (Windholz et al, 1976) or p-tert-butyl
catechol (ICI, 1992). Other inhibitors are mentioned in IARC (1986, 1992).

' Conversion Factors

Conversion factors for 1,3-BD concentrations in air, calculated at 20°C and
1,013 hPa are: - '

1 mg/m® = 0.445 ppm
1 ppm = 2.248 mg/m°
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3.2

3.3

OCCUF{RE_NCE

Emissions

1,3-BD is not known to occur as a natural product (Santodonato, 1985 as
quoted in [ARC, 1992).

Industrial emissions arise during (i) petroleum refining and production of crude
1,3-BD, (i} 1,3-BD monomer production, (iii) production of 1,3-BD containing
polymers and derivatives and (iv) rubber and plastics products manufacturing.

According to a 1984 survey by the US EPA, atmospheric emissions of 1,3-BD
from facilities which produce or process 1,3-BD were approximately 10 million
pounds/year or approximately 5,000 tonnes/year; 70% of these emissions were
attributed to equipment leaks and 30% to process venting (Mullins, 1990).

1,3-BD has been identified in automobile exhaust (Miller et al, 1978 as quoted
in ATSDR, 1991; US EPA, 1990 as quoted in |ARC, 1992) and sidestream
cigarette smoke (0.4 mg/cigarette) (LSfroth et al, 1989, as quoted in ATSDR,
1891 and 1ARC, 1992). It is present as a contaminant in some gasoline
formulations (Sigsby ef al, 1987; Stump et al, 1989, both as quoted in ATSDR,
1991; section 5.1.1). Liquified petroleum gas {LPG) also contains a small
percentage of 1,3-BD (CONCAWE, 1992),

Small amounts of 1,3-BD may be produced by thermal degradation of
polyurethane-coated wire during electrical overload (Rigby, 1981 as quoted in
ATSDR, 1991) and by the burning of other 1,3-BD based-plastics or rubbers
(Miller et al, 1978 as quoted in ATSDR, 1991). 1,3-BD has also been detected
in smoke generated during house fires (up to 15 ppm) (Berg et al, 1978 as
quoted in IARC, 1992).

Occurrence at the Workplace

Exposure to 1,3-BD occurs during the production of 1,3-BD and at user sites
(see section 5.1 for details).

Background Envirdnment

Due to its high volatility and low water solubility, environmentally released 1,3-
BD partitions almost entirely into the atmosphere (section 5.3.1). Destruction
of 1,3-BD in the atmosphere occurs by rapid reactions with photochemically
produced hydroxyl radicals, nitrate radicals, ozone and molecular oxygen
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(Guicherit and Schulting, 1985; ATSDR, 1991). Acrolein and formaldehyde are
the major photo-oxidation reaction products of 1,3-BD (Maldotti et al, 1980).

The_non-occupational. daily intake has been calculated to be 2.62 pg/person,
assuming a mean urban air concentration of 0.29 ppb (section 5.3.1) .and

" human air intake of 20 m*/day (ATSDR, 1991). Very low-level exposures may

oceur by ingestion of contaminated food and drinking water, and inhalation of

~ gasoline vapours, automobile exhaust o cigarette smoke (section 5.3.2-5.3.6).
Quantification is not possible for lack of data (ATSDR, 1981).



4, PRODUCTION AND USE DATA
4.1  Production
1,3-BD is a major commodity chemical of the petrochemical industry, |t is
produced largely as a co-product in catalytic steam cracking of petroleum
fractions (light oil and naphtha) for the manufacture of ethylene. It is also
obtained by catalytic dehydrogenation of butene or butane-butene mixtures, or
alcohol. Other production methods are available (Windholz et af, 1976; Melnick
and Huff, 1992a),
Statistics on the annual quantities' of 1,3-BD produced in Western Europe are
in Table II.
TABLE 1l
Annual Production” of 1,3-BD in Western Furope
(APPE, 1992)
Country or area ' 1985 | 1986 | 1987 | 1088 | 1980 | 1000 | 1901
Benelux . 852 | 369 [405 |42t }as4 | 430 | 387
Germany 518 | 466 | 498 |539 |s533 | 547 534
France : 288 | 202 | 307 |334 |320 | 284 286
United Kingdom , 183 [177 | 176 | 186 | 178 146 164
ltaly, Spain, Portugal, Finland, Austria 882 (814 [350 1405 |457 | 489 442
Total Western Europe 1,668 | 1,618 | 1,745 | 1,885 | 1,881 | 1,005 | 1.813

4.2

*  Quantities produced in ktfy. - Production capacities are, in ktfy: 370 {Netherlands), 620
(Germany), 360 (France), 350 {UK), 860 (ltaly), Spain (132), 42 (Portugal), 20 (Finland) and
47 (Austria) (SR! International, 1 991). g

Use

The major uses of 1,3-BD are in the manufacture of synthetic rubber such as
styrene-butadiene rubber (SBR) or polybutadiene rubber used in tyres and tyre
products, thermoplastic resins such as acrylonitrile-butadiene-styrene (ABS)
used in automotive parts and business machines, and styrene-butadiene latex
suspensions used in paints and carpet backing. 1,3-BD is used as a chemical
intermediate in the production of neoprene (for industrial and automotive
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and adiponitrile (a nylon precursor) (Windholz et al, 1976;

" Verschueren, 1983; IARC, 1986, 1992; Melnick and Huff, 1992a).
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QUANTITATIVE INFORMATION ON EXPOSURE AND UPTAKE

Exposure Levels at the Workplace

The predominant route of occupational exposure to 1,3-BD is by inhalation. It
is possible that dermal contact with the liquified gas may occur during loading
and unloading of tanks, or by the accidental rupture of tanks. However, no
such accidents have been reported (ATSDR, 1991 ).

Limited information on the European exposure situation is available (see
below). The Conseil Européen de I'industrie Chimique (CEFIC), the
International Institute of Synthetic Rubber Producers (ISRP) and the

- Association of Plastics Manufacturers in Europe (APME) have initiated a

collection of European exposure data.

In-depth industrial hygiene surveys were conducted by the US National Institute
of Occupational Safety and Health (NIOSH) at four monomer and five polymer
manufacturing plants. Occupational exposures to 1,3-BD in most process
areas were less than 10 ppm; however, maximum 8-h TWA exposures were
frequently between 10 and 125 ppm (in one case as high as 374 ppm) in
operations involving decontamination and maintenancs of process equipment,
sampling and analysing of quality control samples, and loading or unloading
tank trucks or rail cars (Fajen et al, 1990).

5.1.1 Production of Crude 1.3-BD and Petroleum Refining

Exposure levels during the manufacturing of 1,3-BD in German petroleum
refineries (crackers) are mostly below 5 ppm. Levels up to 30 ppm were
measured at a few places. These levels were reported as mean values from
93 shifts and consisted of a mixture of personal samples and background
concentration measurements (Deutscher Ausschup flr Gefahrstoffe, n.d.). Data
from other European Countries are not available. -

During investigations at petroleum refineries and petrochemical facilities in the
USA producing crude 1,3-BD (usually a C, stream obtained as a by-product of
ethylene manufacturing), the following exposure levels were identified (Table
1y,

e,
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o TABLE Il

e | ) | B Exposure of Workers Involved in Petroleum Refining
Lro _ | and Production of Crude 1.3-BD since 1984
P : (Heiden Associates, 1987 as quoted in IARC, 1992)

P Job category' ‘ N° of facilities | Concentration {ppm)
3 ' : : Mean", Range
Production = - 7 : 0.24, 0.008-2.0

: Maintenance 6 ' ' 0.11, 0.02-0.37 - .
T - | Distribution . 1 ' 2.9, -

| || Laboratory 14 : : 0.18, 0.07-0.4 -

|
{ : _ - . * Mean8-hTWA concentration levels, weighted by number of exposed workers [at each facility]

}_ - L Levels of 1,3-BD to which workers in various job groups have been exposed

in the production and distribution of gasoline have been reported (Table V).
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TABLE IV

. Personal Exposures Associated with Gasoline Production and Handling
(CONCAWE, 1987 as quoted in IARC, 1989)

Location Concentration (mg/m?)

Mean Range Duration {TWA)
Production on-site {refining) 0.3 ND™-11.4 8h
Production off-site {refining) 0.1  ND-16 8h
Loading ships (closed system) 6.4 ND-21.0 8h
l.oading ships (open system) 1.1 ND-4.2 8h
Loading barges 2.6 ND-15.2 8h
Jettyman 2.6 ND-15.¢ B h
Bulk loading road tankers
Top loading <1 h 1.4 ND-32.3 <1h
Top loading >1 h 0.4 ND-4.7 8h
Bottom loading <1 h 0.2 ND-3.0 <1 h
Bottoem leading >1 h 0.4 ND-14.1 8-h
Road tanker delivery (bulk plant to sefvice
station) ND
Railcar top loading 0.6 ND-6.2 8h
Drumming ‘ ND
Service station attendant (dispensing fusl) 0.3 ND-1.1 8h
Self-service station (filling tank) 1.6 ND-10.6 2 min

* Not detected

5.1.2 1,3-BD Monomer Production

In extraction facilities for the production of pure 1,3-BD in Germany, the mean
exposure level was about 5 ppm, with peak levels. up to 30 ppm (personal
samples; mean vaiues from 88 shifts) (Deutscher AusschuB fir Gefahrstoffe,
n.d.).

Information on purified 1,3-BD monomer facilities in the USA is reported by
IARC (1992) as follows. :

'Detailed industrial hygiene surveys were conducted by the US National
Institute of Occupational Safety and Health in 1985 in four of 10 US
facilities where 1,3-butadiene was produced by solvent extraction of C,
fractions originating as ethylene co-product streams (Krishnan et al, 1987).
Levels of 1,3-butadiene to which workers in various job categories were
exposed are summarised in Table V. Jobs that require workers to handle
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or transport
unloading tank trucks or rail
Geometric means ©
categories were below 1 ppm. Short-term samp
activities as open-loop sampling and cylinder voidin
of 100 ppm. Full-shift area samples indicated that ambient
f 1,3-butadiene were greatest in the railcar terminals
farm (2.12 ppm).”

exposure.

peak exposures
concentrations o
(geometric mean, 1.77 ppm) and in the tank storage

Full-shift 1,3-BD TW
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TABLE V

containers, such as voiding sample cylinders or loading and
cars, present the greatest potential for
f full-shift exposure levels for other job
les showed that such
g were associated with

Production Facilities (1985)

(Krishnan et al, 1987 as quoted in IARC, 1992)

A Exposure Levels” at Four US 1,3-BD Monomer,

Job category N° of - | Exposure fevel (ppm)

' samples . . ' . . .

: . Arithmetic mean | Geometric mean | Range

‘Process technician/ 10 0.45 0.09 <02.4.87
control rcom . :
Process technician 28 223 . 0.64 <0.08-34.9
process area '
Process technician/
loading area
- railcar 9 14.64 1.00 0.12-123.57
- tank truck 3 2.65 1.02 0.08-5.46
- tank farm 5 0.44 0.20 <0,04-1.53
Laboratory technician 29 1.06 0.40 0.03-6.31
Labdratory technician/
cylinder voiding 3 125.52 7.46 0.42-373.54

* Personal breathing zone samples

"In 1984, the US Chemical Manufacturers’ Association obtained data on
personal exposure to 1,3-butadiene before 1984 from 13 monomer-
producing companies, categorized broadly by job type (Table V). These
data were collected by an older method and provide a historical
perspective on the data reported in Table V. The highest exposures were
in the maintenance and distribution jobs. Out of a total of 1,287 samples,
91% were less than or equal to 10 ppm and 68% were less than 5 ppm.
Factors that limit generalization of these data are unspecified sampling and
analytical techniques, lack of detailed job descriptions and different or

unspecified average times of sampling (JACA Corp., 1987)."
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TABLE Vi

Occupational Exposure to 1,3-BD in the Monomer Industry”’
(JACA Corp., 1987 as quoted in IARC, 1992)

Category N°® of 1,3-BD TWA concentration (ppm)
samples
0.00- 5.01- 10.01- | 25.01- | 50.01- | >100.00
5.00 10.00 25.00 50.00 100.00
Production 562 446 111 5 _
{%) (79.4) (19.7) (0.9)
Maintenance 329 247 47 35
| (%) (75.1) (14.9) (10.6)
| Supervisory 1 64 60 4
; (%) (©3.8) | (6.2) ‘
] Distribution 206 60 121 16 5 2 2
f ' (%) , (29.1) | (58.7) 78 | (2.4 (1.0) (1.0) -
Laboratory 126 58 68
’ (%) (46.0) (54.0)
Total 1,287 871 304 68 0 |2 2
(%) . (67.8) - | (23.6) (5.3) (3.1) (0.1) (0.1)

*  Based on data obtained before 1984 from 18 US monomer preduction plants

Additional European monitoring data are available from a Finnish plant
producing purified 1,3-BD, where levels were generally < 10 ppm at different
sites of the plant (33 samples; mean sampling time, 5.3 h). In personal
samples of 16 process workers, the concentration of 1 ,3-BD ranged from < 0.1
to 447 ppm (mean 11.5 ppm, median < 0.1 ppm; 46 samples, mean sampling
time 2.5 h). The highest concentrations were measured during sample
collection. The workers used protective clothing and respirators during this
‘operation (Arbetsmiljéfonden, 1991 as quoted in IARC, 1892). In another study
at the same plant, ambient air concentrations were generally below 10 ppm
(both stationary and personal samples) with peak concentrations up to 300
Ppm (personal samples) in a few cases. Workers used protective clothing and
respirators during the operations (Ahlberg et al, 1991).

5.1.3 Transfer of 1,3-BD

1,3-BD is transported in large quantities, either in the form of a C4 fraction or
as pure 1,3-BD. High exposure concentrations occur during the connection of
- filing pipes. Data from such operations in Germany (173 mean values from

personal shift-samples) show exposure levels between 5 and 50 ppm;

— —— .
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concentrations reached 500 ppm in some cases (Deutscher Ausschu‘B' far
Gefahrstoffe, n.d.). ' .

' 5.1‘.4' Production of 1,3-BD Polymers, Derivatives, Rubber and Pléstic Products

Concentrations at the workplace of German' facilities for the manufacture of 1,3-

'BD polymer varied greatly, depending on the type and conditions of the
- process of polymerisation and/or preparation. Results from 465 mean shift-

values (personal samples) and 691 background measurements by gas
chromatography (GC) showed that most exposure levels were between 10 and
20 ppm; at a few places concentrations were as high as 50 ppm (Deutscher

. AusschuB fir Gefahrstoffe, n.d.).

Information on the polymer and derivatives industry in the USA is reported in :

IARC (1992) as follows.

 "Detailed industrial hygiene surveys were conducted in 1986 in five of 17
US facilities where 1,3-butadiene was used 1o produce styrene-butadiene

- rubber, nitrile-butadiene rubber, poly-butadiene rubber, neoprene and.

adiponitrile (Fajen, 1988). Levels of '1,3-butadiene to which workers in =~
" various job categories have been exposed are summarized in Table Vil..

- Process techniciansin unloading,thetankfarm,puriﬁcation,pclymerization R

and reaction, laboratory technicians and maintenance technicians were
exposed to the highest levels. Short-term sampling showed that activities
such as sampling a barge or laboratory work were associated with peak
exposures to more than 100 ppm. Full-shift area sampling indicated that
geometric mean ambient concentrations of 1,3-butadiene were less than
0.5 ppm and usually less than 0.1 ppm in all locations at the five plants.”
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TABLE VI

Full-shift 1,3-BD TWA Exposure Levels” at Five US Plants Producing
1.3-BD-based Polymers and Derivatives ( 1986)
(Fajen, 1988 as quoted in IARC, 1992)

Job category N° of Exposure level (ppm)
samples . ] ]
Arithmetic mean | Geometric mean Range

Process technician
- unloading area 2 14.6 4.69 0.770-28.5
- tank farm 31 2.08 0.270 <0.006-23.7
- purification 18 7.80 6.10 1.33-24.1
- polymerisation or

reaction 81 0.414 1 0.062 <0.006-11.3
- solutions and

coagulation 33 0.048 0.028 <0.C05-0.169
- crumbing and drying 35 0.033 0.023 <0.005-0.116
- packaging 79 0.036 0.022 <0.005-0.154
- warehouse ' 20 _ 0.020 0.010 <0.005-0.068
- control room 6 0.030 0.019 <0.012-0.070
Laboratory technician 54 2.27 _ 0.213 <0.006-37.4
Maintenance technician 72 1.87 D.122 <0.0086-43.2
Utilities operator 6 0.118 0.054 <0.006-0.304

* Personal breathing zone samples

"Eight-hour time-weighed average (TWA) exposures to 1,3-butadiene in the
polymer industry were obtained by personal sampling in 11 North American
synthetic rubber plants in 1978-84 and reported by the International
Institute of Synthetic Rubber Producers in 1984 (JACA Corp., 1987) (Table
VIIl). - The highest exposures were found for tank car loaders (15% of
exposures, >10 ppm), reactor operators (18% of exposures, >10 ppm) and
laboratory technicians (6% of exposures, >10 ppm). Sampling and
analytical techniques and job descriptions were not available. "
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TABLE VIil

Occupational Exposure to 1,3-BD in the Polymer Industry”
(JACA Corp., 1987 as quoted in _IARC, 1992)

Cccupational N°® of 8-h TWA 1,3-BD exposure {ppm)
group samples ; !
0.00- 5.01- 10.01- 25.01- | 50.01- 100.01- 200.01- £00.00-
5.00 10.00 25.00 £0.00 100.00 20C.0C 500.00 1000.00
Tank-car loader 102 78 9 . . el 4 2
(%6) (76.5} (8.8) 8.8} (3.9 (2.0
Vessel cleaner 214 199 g - 4 2
(%) 1 (93} {4.2) (1.9) {0.9)
Charge solution | 89 83 . 3 2 1
make-up 93.2) | (3.4 (2.3) .0
(%) ' . _
Reactor 190 133 22 14 7 7 5 1 1
operator 70} (11.6) | (7.4 (3.7) (3.7 (2.8) . (0.5) (0.5)
(%) ‘ :
Recovery 108 100 5 |2 1 .
operator (92.6) | (4.6) {1.9) (0.9)
(%) '
Coagulation | 185 173 a |2 1
operator (93.5) {4.9) (1.1) 0.5
(%)
Dryer cperator &5 84 1
(36) (98.8) (1.2}
Baler and 167 164 2 1
packager @82 | (1.2) (0.6)
{%)
Warehouseman | 22 22
(%) (100)
Laboratory 116 103 6 6 i )
technician (88.8) | 5.2 (5.2) {0.9)
{%)
Maintenance 262 241 12 4 2 3
technician (92.0) {4.6) (1.5) {0.8) (1.1)
(%)
Supenvisor 123 111 ] 6
{%6) ©0.2) | (4.9) (4.9)
Waste-treatment | 9 9
operator (100)
(%)
Total 1,672 1,500 84 438 20 13 5 1 1
%) ©e.7) | 50 (2.9) (1.2 0.78) {0.20) (0.08) {0.06)

* Basad on 1978-84 data obtained from 11 North American synthetic rubber producers.
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A review of monitoring data from more than 800 exposures obtained during site
visits to two SBR plants in the USA in October 1987 showed that approximately
70% of all synthetic rubber workers were exposed to 1,3-BD at levels below 5
ppm, and 85% to less than 10 ppm (Table 1X).

TABLE X

1,8-BD Exposure Data from Two SBR Plants” (1981-1987).
- (Tozzi, 1988)

Job Category™ | <0.50 051- 1 101- [ 201- | 801- | 401-51501- | 1001- >25
ppm Tppm | 2ppm [ 8 ppm | 4 ppm | ppm 10 25 ppm | ppm

ppm '

Unleading/ 2.3% - 6.8% 9.2% 6.8% 6.8% 22.7% 22.7%

loading/ 22.7%

storage

Polymerisation | 21.7% | 17.1% | 15.8% 8.6% 5.9% 5.9% : 7.9% 4.6%

operations 12.5%

Recovery 10.7% 8.3% 12.4% 9.5% 11.2% 15.7% 8.5% 13.2% 9.5%

operations

Finishing 78.4% 5.2% 5.2% 5.2% 3.4% - 1.7% - 9%

operations

Laboratory 13.3% | 10.4% 8.8% | 13.3% 8.2% 10.4% 16.3% 3.7%

and sampting ] 15.6% _

Maintenance 30.7% | 15.4% | 15.4% 2.9% 2.2% 5.5% 4.4% 3.3%
13.2% '

Totai 25.3% | 10.2% | 11.4% 9.4% 7.2% 6.9% 10.2% 6.3%

exposures _ _ 183.1%

* Percentage within job category
** < 5% excluded because of job classification difficulties.

Other historical data on 1,3-BD exposure levels have been collected during
health surveys or epidemiological studies, quoted from JARC (1992) as follows.

"In a US styrene-butadiene rubber manufacturing plant in 1979, the only
two departments in which levels were greater than 10 ppm were tank farm
(53.4 ppm) and maintenance (20.7 ppm) (Checkoway and Williams, 1982).
In samples taken at one of two Us styrene-butadiene rubber plants in 1978,
levels above 100 ppm were encountered by technical services personnel
(114.6 ppm) and an instrument man (174.1 ppm) (Meinhardt et af, 1978).
Overall mean 8-h TWA exposure levels differad considerably between the
two plants, however: 1.24 ppm in one plant and 13.5 ppm in the other
(Meinhardt et a/, 1982),"
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No data are available on levels of exposure to 1 3-butadiene before the 1970s,
when different processes and working conditions (e.g. during the Second
World War) would have resulted in exposure conditions different from those
now prevalent in developed countries (IARC, 1992).

~ Data from synthetic'rubber and plastics manufacturing in the USA are
- discussed in IARC (1992) as follows. .

“Unreacted 1,3-butadiene was detected as only a trace (0.04-0.2 ng/mg) in

15 of 37 bulk samples of polymers and other chemicals synthetized from
'1,3-butadiene and analysed in 1985-86. Only two samples contained

measurable amounts of 1,3-butadiene: tetrahydrophtalic anhydride (53
ng/mg) and viny! pyridine latex (16.5 ng/mg) (JACA Corp., 1987)."

"Detailed industrial hygiene surveys were conducted in 1984-87 in a US
" rubber tyre plant and a US industrial hose plant where styrene-butadiene
" rubber, polybutadiene and acrylonitrile-butadiene rubber were processed.
No 1,3-butadiene was detected in any of a total of 124 personal full-shift
samples from workers in the following job categories, which were identified
as involving potential exposure to 1,3-butadiene: Banbury operators, mill-

operators, extruder operators, curing operators, conveyer operators, . . -

calendering operators, wire winders, tube machine operators, tyre builders
and tyre repair and buffer workers (Fajen et al, 19380)."

Measurements taken in 1978 and 1979 in personal 8-h samples in
companies whereacrylonitrile-butadiene-styrene moulding operationswere
conducted showed levels of <0.06-1.9 mg/m® (Burroughs, 1979; Belanger
& Elesh, 1980; Ruhe & Jannerfeldt, 1980). In a polybutadiene rubber
warehouse, levels of 0.003 ppm were found in area samples; area and
personal samples taken in tyre plants conained 0.007-0.05 ppm (Rubber
Manufacturers’ Association, 1984). In a US tyre and tube manufacturing
plant in 1875, a cutter man/Banbury operator was reported to have been
exposed to 2.1 ppm (personal 6-h sample) (Ropert, 1976)."

5.2 Biological Monitoring

No methods for biomonitoring of human exposure have been established and
data on levels in humant tissues are not available. Methods are currently being
developed under the EC-STEP programme and at the US Chemical Industry
Institute of Toxicology (CHT) (section 7.1.5 and 9.3). ‘
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5.3.3 Environmental Levels

5.3.1 Ambient Air

From a literature survey, 1,3-BD concentrations of 1-5 ng/m® were reported in
municipal surroundings and 66 pg/m® in an industrial area with 1,3-BD
producing industry {year and location of measurements not specified) (De Jong
et al, 1983 as quoted in DECOS, 1980). In 1980, low levels of 1,3-BD (= 1
ppb) were found in urban and suburban areas of the Netherlands (Guicherit
and Schulting, 1985).

No other European data are readily available.

1,3-BD has been detected in urban air in the USA (Table X and XI). A
compilation of air monitoring data for the USA (1970-1987) showed that median
concentrations of 1,3-BD are 0.29 ppb in urban areas (196 data points), 0.32
ppb in suburaban areas (385 data points) and 0.10 ppb (only 2 data points) in
rural areas (Shah and Heyerdahl, 1988 as quoted in ATSDR, 1991). Inremote
areas in the USA, 1,3-BD was measured in 1 981-82 at concentrations of
(number of samples, mean, range): 3, 0.74, ND-0.22 ppb: 3,0.37, ND-0.15 ppb:
3,0.19, ND-0.45 ppb (Seila et a/, 1984 as quoted in ATSDR, 1991).
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TABLE X

Levels of 1,3-BD in Urban Air

(adapted from IARC, 1992)

Environmental Levels

|_ocation Year of Conecentration {ppb) Referenqe’
sampling
Urban air Unknown 1-10 Neligan, 1962; Cote and Bayard,
1960

Tulsa, OK 1978 5.9-24.4** Arnts and Meeks, 1981
‘Houston, TX 1973-74 0-19 Siddigi and Worley, 1977

Denver, CO Unknown 2 Hunt ef &/, 1984
| Texas Unknown <0.4-125 Hunt et af, 1984

Los Ange!es} Unknown 0.08 Parsons and Wilkins, 1976

Riverside, CA .

*  Quoted in IARC, 1992
+ **  Combined with 2-butene
TABLE Xi

(adapted from ATSDR, 1991)

Location Year of sampling | No of samples Concentration Reference™
(ppE)
Mean Range
Houston, TX 1973 g 33.4° ND-150° Lonneman et &/,
1974 7 27.2 8.0-57 1979
1974 4 3.0 ND-8.4
Los Angeles, CA | 1968 - 12.4% - Kopczynski et al,
1972
Riverside, CA 1965-66 8 - ND-2.0 Stephens and
Burleston, 1967
Los Angeles, CA | 1960 16 3.1 ND-9 Neligan, 1962
Boone, NC 1981-82 3 0.1 ND-0.34* | Seila ef af, 1984
- downlown 3 4.2 0.34-5.0
- outskirts 3 0.15 0.11-0.22

**  Quoted in ATSDR, 1691

a

ND below detection limits

Data reported in ppbC (parts per billion carbon).
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Low levels of 1,3-BD (0.5 to 10 ppb) were detected in ambient air at urban
locations in the USA; however, levels as high as 2 ppm were detected in
community air at the perimeter of the industrial complex in Port Neches (TX)
where 1,3-BD and styrene-butadiene rubber are produced (Durchin, 1990),

In the vicinity of a petrochemical complex in Allendals (TX), the average 1,3-BD
concentration was 100 ppb (maximal average 143 ppb/day and 905 ppb/h) in
1986. Within one mile of another petrochemical plant, the maximal average
concentrations were 240 ppb/12 h and 642 ppb/h (Texas Control Board, 1990
as quoted in ATSDR, 1991).

Indoor Air

1,3-BD concentrations in the indoor air of a tavern were 4.98 ppb and 8.60 ppb
(2 studies), probably from cigarette smoke when compared to the
concentration of 0.45 ppb 1,3-BD in the outdoor air (Lofroth et al, 1989 as
quoted in ATSDR, 1991). The concentration of 1,3-BD in a public building in
California in 1965 was 9.0 ppb: the source was not specified (Stephens and
Burleson, 1967 as quoted in ATSDR, 1991).

Soll

No data are available.

Water

In a survey of 14 heavily industrialised river basins in the USA in 1975-76, 2
ppb 1,3-BD was found at one out of 204 sites. Waste water from synthetic
rubber manufacturers did not contain 1,3-BD (Ewing et al, 1977 as quoted in

ATSDR, 1991 and HSDB, 1992).

Levels in Food and Drinking Water

Olive oil bottled in 1,3-BD rubber-modified acrylonitrilic bottles contained 8-9
rg/kg (6 samples; 3 of 3 brands), the bottles themselves containing residues
as high as to 6,600 pg/kg. No 1,3-BD could be detected in vegstable oil
packaged in 1,3-BD rubber-modified PVC (2 samples) nor in yoghurt packaged
in polystyrene with 1,3-BD rubber-modified polystyrene lids (2 samples); the
detection limit was 1 pg/kg. Chewing gum based on 1,3-BD rubber did not
contain residues of the monomer (McNeal and Breder, 1987 as quoted in
ATSDR, 1991 and HSDB, 1992).

Plastic tubs containing margarine (5 major brands in the UK) contained <5-310
rg/kg 1,3-BD, but the monomer was not found in the margarine samples
themselves (detection limit 0.2 ng/kg). Similarly, plastic tubs for potato salad,
cottage cheese and yoghurt had residual levels of 21-1 ,700 pg/kg, but no 1,3-
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BD was detected in the foodstuffs packaged in these containers (detection limit

1 pg/kg) (Startin and Gilbert, 1984 as quoted in IARC, 1992 and ATSDR, 1981).

1 ,3-BD has been detected qualitatively in di’inkihg water in the USA (EPA, 1978,
© Kraybill, 1980; both as quoted in IARC, 1992 and ATSDR, 1991).

5.3.6

Hobbies and Lifestyle

* 1,3-BD levels in smoky {from cigarette smoking) indoor environments were

typically 10-20 mg/m® (Lofroth et al, 1989 as quoted in IARC, 1992). Other
sources are mentioned in section 3.3. '
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6. MEASUREMENT TECHNIQUES AND ANALYTICAL METHODS

6.1 At the Workplace

Selected methods for the analysis of airborne 1,3-BD levels at the workplace

are listed in Table X]I.
TABLE Xl

Methods for the analysis of 1.8-BD in air
(adapted from IARC, 1992)

Collect on solid sorbent tube; desorb with GC/FID 0.044 mg/m®
dichloromethane; chill in ice :

Sample preparation Assay™ Limit of Reference
detection
Eller, 1987"

Coillect on solid sorbent tube of charcoal GC/FID 0.35 mg/m®
coated with terf-butylcatechol; desorb with
carbon disulphide

Hendricks and
Schulz, 1986
[O8HA method]”

Collect ambient air; inject sample in GG GC/FID 0.01 ppm (0.01
using a temperature-programmed, fused- nt/e)

silica porous layer, open tubular (PLOT) .
ALO/KCI column

Locke ef af, 1987"

desorb thermically onto cold trap; inject
sample in GC using methylsilicone capillary
column at -35°C

Collect alr sample; assay directly FT-IR 5 ppm (10 Harman, 1987°
mg/m%
Collect 3-10 £ air on solid sorbent tube; GC/FID 0.01-1C0 ppm Bianchi and Cook,

1988 [CONCAWE
method]

Collect 5 £ air on solid sorbent tube; desorb | GC/FID 0.2-100 mg/m®
thermically onto cold trap; inject sample in (0.1-50 ppm)
GC using ballistically heated PLOT fused '

silica capillary column

HSE, 1986, 1089
[UK methed MDHS
53, 63]

*  As quoted in IARC, 1992

**  FT.R, Fouriertransform-infraredabsorption spectroscopy; GC/FID, gas chromatography/flame-

ionisation detection

paan s
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Techniques routinely used for the determination of hydrocarbons in
environmental air may be applied equally for detecting low concentrations of

© 1,3-BD at the workplace. These methods involve the collection of a large .
~ volume of air and concentration of the volatile components, which are then

separated, identified and guantified by a gas chromatograph (GC) equipped
with a suitable detector or combination of GC and mass spectrometry (MS)

(ATSDR, 1991).

The determination of 1,3-BD in personal air can be obtained using the '
procedure outlined in NIOSH Method 1024 (NIOSH, 1987), which has been

. described by ATSDR (1991) as follows.

" "The air sample is obtained by passing a known volume of air (3-25 £)
through a set of tandem coconut charcoal tubes, which adsorb 1,3-BD and
remove it from the air stream. The collected 1,3-BD is then removed from-
the adsorption tube by extraction with methylene chloride. Injection of the
methylene chloride solution into a GC equipped with a flame ionization

~ detector (FID) separates 1,3-BD from any interfering compounds that may

be present. The choice of chromatography column for this determination
is. not crucial, as long as it cleanly separates 1,3-BD from other
compounds. The estimated. detection limit of this method is 0.02 pg/mé,
with an applicable range of 1-480 pg per sample {approximately 0.04-19.2
ppm). The precision of this method appears to change as a function ofthe
concentration being measured, due to desorption efficiencies changing as
a function of sample concentration. With increasing concentration, the.
preparation of a standard becomes more difficult. In NIOSH Method 1024,
quantisation of 1,3-BD is accomplished by comparing the area under the
sample’s signal to that of a known amount of 1,3-BD. The preparation and
injection of a gaseous 1,3-BD standard is a difficult procedure; it must be
performed carefully or erroneous results will occur. Sample storage
appears to dramatically affect the results of the measurement. Samples
stored at -4°C displayed an average recovery of between 93% and 98%
over a 21-day period, while samples stored at room temperature ranged
from 61% to 95%. Literature methods for the determination of 1,3-BD in
personal air samples overcome some of these problems (Hendricks and
Schultz, 1986; Lunsford, 1987, Lunsford and Gagnon, 1987)."

The methods used by the Swedish National Occupational Board of
Occupational Safety and Health have been described by Lundberg (1986) as
follows. '

"A gas-chromatographic method has been evaluated for air concentrations
of butadiene in the range 1,065 to 4,590 mg/m® [474 to 2,043 ppm]. The
butadiene is adsorbed on carbon in a tube through which the air is
pumped, desorbed with carbon disulfide, and the desorbate analyzed with
gas chromatography (NIOSH, 1977, Swedish National Board of
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Occupational Safety and Health, 1979). The method is reported to be
applicable in the range 200 to 6,600 mg/m® [89 to 2,937 ppm], but is
considered likely to work at much lower concentrations. One prerequisite
is that the desorption losses be determined. When measurements were
made with this method and also with a diffusion sampler, results have been
in agreement in the range 0.1 to 100 mg/m® [0.0445 to 44.5 ppm]
(Checkoway and Williams, 1982)."

“Infrared spectrophotometry can be used for continuous monitoring of 1,3-
butadiene in air. Disturbance from other sources can usually be minimized
by suitable choice of wavelength."

A method for the monitoring of 1,3-BD in air has been developed at the Finnish
Institute of Occupational Health, This method involves sampling by means of
- carbon tubes and analysis by GC with flame ionisation detection (FID). The
detection limit is 0.8 pg/m® and the recovery 90% (600 cm® of air; 2 h sampling
time). The active metabolite, butenemonoxide, can also be detected, albeit at
extremely low concentrations (0.1%). The detection limit for the epoxideis 0.01
pg/m® with approximately 90% recovery, using GC with ECD (electron capture
device) (Ahlberg et al, 1991).

The following method is recommended by CONCAWE (modified 8/86). This
methed entails drawing air through a double packed stainless steel sorbent
tube (i.e. Perkin-Elmer ATD 50). The tube is packed with 300 mg of activated
coconut charcoal and 200 mg of chromosorb-106. The sampling rate is
approximately 20-50 mé/min using a low-flow sampling pump. The sampling
tube is thermally desorbed onto a cold trap held at -30°C. The sample is then
ballistically heated and reinjected onto a 50 m BP-1 methylsilicone (chemically
bonded) capillary column held at -35°C. Separation of 1,3-BD from other C4
components takes place at -35°C whilst providing good chromotography. The
method is suitable for the measurement of airborne 1,3-BD in the range 0.01-
100 ppm for samples of 3-10 ¢ of air. The GC parameter variant has been
published by Bianchi and Cook (1988).

The UK HSE recommended method involves sampling air using a low flow
personal sampling pump (1 0-50m¢/min) onto a Perkin Elmer ATD 50 sorbent
tube packed with 900 mg of Molecular Sieve 13X. The tube is thermally
desorbed onto a cold trap held at -30°C. The trapped components are then
re-injected by ballistic heating onto a 50 m Porous-Layer-Open-Tubular (PLOT)
fused sifica capillary column held isothermally at 130°C. 1,3-BD is completely
eluted and separated from all other C4 isomers. The method is suitable for the
measurement of airborne 1,3-BD in the range 0.2 to 100 mg/m® (0.1-50 ppm)
for samples of 5 ¢ of air (HSE, 1988, 1989).
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Environmental Monitoering

The Dutch: Expert Commitiee for Occupational Standards has reviewed
methods for environmental monitoring as follows.

"By means of a sampling pump 25 £ air is pumped over a solid sorbent.
(coconut charcoal). The upper limit of the sampler is 220 mg/m?; the
measurement range covers 0.044 to 19 mg/m>. Desorption. is performed
with methylene chloride; below 0.9 mg/m?, the desorption efficiency falls
below 75%. Butadiene is analyzed gaschromatographically, equipped with
FID. Interferences are; pentane, methy! acetylene and vinylidene chloride
at high levels, High humidity (>80% RH) or other hydrocarbons present:
at permissible levels may significantly decrease the sampler’s capacity for
1,3-butadiene (NIOSH, 1987). Checkoway and Williams (1982) were able
to detect with this method concentrations as low as 0.03 ppm {0.066
mg/m®) of BD." ' - :

"'Stephens and Burleson (1967) developed a procedure for the analysis of

- trace quantities of light hydrocarbons in air. A freeze-trap filled with
chromatographic packing was installed in place of the sample loop of a FID
chromatograph. An air sample of 0.1-0.5 £ was passed through the trap

- which was chilled with liquid oxygen. After the contents had been swept

_into the column the minimum detectable concentration was below 1 ppb
for 1,3-BD (2.2 pg/m®). A long-term (8 h) indicator tube is commercially
available. It is specific for butadiene and the detection range is 0.067-5.836
mg (Gentry and Walsh, 1987)."

There are several gas detector tubes that use common colorimetric reactions
to detect 1,3-BD. These reactions include the reduction of chromate or
dichromate to chromous ion and the reduction of ammonium molybdate plus
palladium sulphate to molybdenum biue (Saltzman and Harman, 1989 as
quoted in 1ARC, 1992). -

Biological Tissues

A standardised method for assaying 1,3-BD or its metabolites in biological
tissues is not available. Methods are currently being developed under the EC-
STEP programme and at the US Chemical Industry institute of Toxicology (CIIT)
(section 7.1.5 and 8.3).
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TOXICOLOGY

Toxicokinetics

The relevant route for exposure to 1,3-BD is inhalation. Accordingly, studies
on toxicokinetics after oral or dermal exposure of experimental animals have
not been conducted. Human toxicokinetic data are not available, with the
exception of some in vitro data obtained using fractions of liver and lung.

Uptake

The distribution coefficient for 1,3-BD between rabbit blood and air was 0.645
measured in vivo at an exposure conceniration of 250,000 ppm. The
distribution coefficient between rabbit blood and air measured in vitro was
0.603. The good agreement between these values suggests a simple passive
diffusion of the gas from the alveoli to the blood (Carpenter et a/, 1944). The
blood/air coefficients for Sprague-Dawley rats and B6C3F, mice were 1.49 and
1.34, respectively (Csanady et al, 1992a).

The uptake of 1,3-BD by Sprague-Dawley rats and B6C3F, mice from the gas
phase of closed inhalation chambers was measured and the obtained uptake
data were analysed using a two-compartment model developed by Filser and
Boit (1981) (see also Bolt et al, 1984; Kreiling et a/, 1986). The elimination of
1,3-BD by rats or mice can be described by a first-order process. Saturation
of 1,3-BD metabolism is observed in both species at about 2,000 ppm. The
standardised clearance from the gas phase was 10,280 m¢/h for the mouse
and 5,750 mé/n for the rat. The data show, in principle, that 1,3-BD is

“metabolised by mice at about twice the rate of rats.

Rats and mice were exposed to "C-labelled 1,3-BD for 6 h in a nose-only
device. Concentrations were 0.08 ppm to 1,000 ppm for mice or 0.08 ppm to
7,100 ppm for rats, The amount of *C retained at 6 h ranged from 1.5% (7,100
ppm) to 17% (0.8 ppm) in rats and 4% (1,000 ppm) to 20% (7 ppm or less) in
mice. There was a significant concentration-related decrease in the percentage
of inhaled 1,3-BD retained with increasing exposure concentration for both rats
and mice. When the total amount of '*C retained at 6 h was normalised to
body weight, mice retained about 4 to 7 times more 1,3-BD and its metabolites
than rats (Bond et al, 1986).

Three male monkeys {Macaca fascicularis) were exposed by nose-only
inhalation for 2 h to concentrations ranging from 10 to 7,760 ppm *C-labelled
1,3-BD (Sun et al, 1989a; Dahl et al, 1991). The uptake of 1,3-BD in the
monkey was calculated from the total 1,3-BD metabolites formed and excreted
within the 96 h period after the exposure. Residual "C retained in the monkeys
at the end of the 96 h post-exposure observation period was not determined.
Total metabolites formed, expressed as a percentage of the total 1,3-BD
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inhaled, were converted to the absolute amount of metabolites formed. This
value was normalised to the duration and concentration of exposure, and 1o
body weight, in order to facilitate comparisons with earlier rodent studies. The

calculated uptake rates for monkeys did not include metabolites remaining in |

the animals’' bodies at the end of the 96-h post-exposure collection period. The

- uptake rates calculated by this procedure were 0.13, 0.07 and 0.05 nmol/(min

x kg x ppm) at exposure concentrations of 10 ppm, 300 ppm and 8,000 ppm
respectively. The authors compared these values with data for mice and rats
derived from Laib et al (1988). The corresponding values for mice were 5.2,

5.2, and 0.8, and for the rats 2.8, 2.8, and 0.4 nmol/{min X kg X ppm) at the

exposure concentrations given above. For the monkeys, uptake expressed as
percentage of inhaled 1,3-BDwas 2.9, 1.5, and 1.7 at exposure concentrations
of 10, 300, and 8,000 ppm respectively. The corresponding percentages for

" rice were 12, 12, and 1.8, and for rats 15, 15, and 2.3. These data show that

the metabolic uptake of the primates studied was several-fold lower than that

of rats or mice.

Distribution

Bond et af (1987) exposed male Spr'agu'e-Dawl'ey rats and B6C3F, mice nose-
only for 3.4 h to "*C-labelled 1,3-BD. The exposure concentrations were 670

‘ppm for rats and 65 ppm for mice and were selected because previous studies

(Bond et al, 1986) had demonstrated that these concentrations result in similar
amounts of 1,3-BD and its metabolites being retained on a mg/kg body weight
basis. Radioactivity was distributed widely in tissues immediately foliowing
exposure of both rats and mice. In both species, lung, trachea, nasal
turbinates, small and large intestine, liver, kidneys, urinary bladder, and
pancreas contained high concentrations of radioactivity within one hour after
the end of exposure. At this time, rals had concentrations ranging from 10
(bone marrow) to 960 (bladder) nmol 14G.1,3-BD equivalents/g tissue. In mice,
the values ranged from 0.6 (bone marrow) to 1,300 (bladder) nmo! *C-1,3-BD
equivalents/g tissue. The data were normalised and the results were expressed
as '*C-1,3-BD (equivalents/g tissue x pmol 1,3-BD inhaled). Mouse tissues
contained from 15 to 100 times more *C than rat tissues. In summary, the
data indicated that there were no apparent differences between the amount of
14 derived from 1,3-BD deposited in the tissue of rats (exposed 1o 670 ppm)
and mice (exposed to 65 ppm), but tissues of mice attained significantly
greater concentrations of 40 than rats when expressed as the amount/pmol of
1,3-BD inhaled. ‘

Date are currently being generated for primates (section 9.1).
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Biotransformation

7.1.3.1

In Vitro

Malvoisin et a/ (1979) incubated liver microsomes from Wistar rats with 1,3-BD
in the presence of an NADPH-generating system. 1,2-epoxybutene-3 (EB) was
identified as one of the major metabolites. Phenobarbital pretreatment of the
rats induced the microsomal metabolism of 1,3-BD about 2-fold, whereas 3-
methylcholanthrene pretreatment had no effect. When the mixed function
oxidase inhibitor SKF 525A was added to the incubation mixture, the 1,3-BD
epoxidase activity was inhibited by 50%. These results suggest the
involvement of cytochrome P-450 dependent mono-oxygenases in the
metabolism of 1,3-BD.

These results were corroborated by Bolt et af (1983) who found also that the
presence of an epoxide hydrolase inhibitor, 1,1,1-trichloropropene oxide,
increased the concentration of EB in the incubation mixture. In contrast, the
presence of glutathione decreased the epoxide concentration in the incubation
mixture. The authors detected both enantiomers of the epoxide. -

Further studies with liver microsomes from male Wistar rats led to the tentative
identification of 3-butene-1,2-diol, the 2 sterecisomers of DL-diepoxybutane
(1,2:3,4-diepoxybutane, DEB), and 2 sterecisomers of 3,4-epoxy-1,2-butanediol
as metabolites of EB (Malvoisin et al/, 1982; Malvoisin and Roberfroid, 1982).

Species differences in the formation of EB from 1,3-BD were investigated by
Schmidt and Loeser (1985) using liver preparations from rats (Sprague-
Dawley), mice (NMR! and B6C3F;), Rhesus monkeys and humans (one
sample). The sequence of epoxide formation was mice > rat > human >
monkey with a ratio between mouse and monkey of 7:1. With the exception
of the monkey the amount of epoxide detected was proportional to the mono-
OXygenase activity. The authors also investigated homogenates from tung
tissue. Only tissues from mice and rats produced measurable epoxide
concentrations. :

Pretreatment of male Sprague-Dawley rats or male B6C3F, mice with 1,3-BD
(740 and 7,600 ppm, nose only, 6 h per day, 5 d) had no effect on the ability
of the isolated liver microsomes to metabolise 1,3-BD. However, there was a
significant depression of 1,3-BD metabolism i vitro in microsomes from lungs
obtained from both pretreated rats and mice, compared to non-exposed
controls (Bond et af, 1988).

Wistuba et al (1989) investigated the enantio-selectivity of the in vitro
conversion of aliphatic alkenes into oxiranes by liver microsomes of untreated
or phenobarbital induced rats, of untreated or phenobarbital, benzo(a)pyrens

‘induced mice, and of humans. In rat microsomes, 29% R- and 71% S-
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enantiomer were formed, a ratio that was not affected by phencbarbital
pretreatment. In mouse microsomes, 46% R- and 54% S-enantiomer were
formed. Benzo{a)pyrene pretreatment did not affect this ratio, but
phenobarbital pretreatment changed the ration to 61% R- and 39% S- .
enantiomer. The liver microsomes from 4 individual humans produced
between 52 and 56% R- and between 44 and 48% S-enantiomer.
Consequently, there appear to be no significant differences in the ratio of
optical isomers formed between species.

Using mouse liver microsomes (male B6C3F,) Elfarraetal (1991) confirmed the
cytochrome P-450-mediated formation of EB as the primary metaboilite of 1,3-
BD. Crotonaldehyde was idertified as an additional metabolite. The ratio

~ petween EB and crotonaldehyde was about §0:1 and was constant over the =

incubation time, suggesting a commen intermediate for both metabolites.

. The conjugation of EB to GSH was investigated by Sharer et al (1991). From
the 3 possible regio-isomers that may be formed only S-(2-hydroxy-3-buten-1-

ylglutathione and S—(1-hydroxy-3-buten-2—y1)glutathione were formed in vitro

- through the action of human placental GSH S-transferase.

~ The metabolism of EB was also investigated by Kreuzer et al (1991} in liver -
fractions from mice (male NMRI), rats (male Sprague-Dawley), and humans,
(one sample). In microsomes, only hydrolysis of EB was observed, NADPH-
dependent metabolism of the epoxide with subsequent formation of DEB was
not detected. In the concentration range examined, metabolism in liver
microsomes of mice was strikingly lower than that of rats and humans. The
apparent Km-values for the epoxide hydrolase activity were 1.5, 0.7 and 0.5
mmol 1,3-BD monoxide/¢ incubate for mice, rats and humans respectively; the
corresponding Vmax-values were 19, 17 and 14 nmol 1,3-BD monoxide/(mg
protein x min) for mice, rats and humans. Glutathione S-transferase catalysed
conjugation of EB to GSH in cytosolic fractions, revealing first order kinetics in
the measured range. The derived ratios Vmax/Km were 15, 11 and 8 [nmoil
1,3-BD monoxide x £/(mg protein x min x nmol of 1,3-BD monoxide}] for mice,
rats, and humans respectively. Or the basis of these in vitro results, the
investigators attempted to estimate the relative importance of the epoxide
hydrolase and glutathione conjugation for the in vivo metabolism of EB for the
3 species. Standardised to 1 kg body weight and for a 1,3-BD monoxide body
burden in the liver of 0.5 mmol/£ tissue, the authors estimated that the total 1,3-
BD monoxide metabolism in humans would be between 2 and 7 times less
than in rats, whereas mice metabolise the epoxide 1.3 times faster than rats.
The ratios between the epoxide hydrolase and the GSH fransferase pathways
were estimated to be 0.21, 0.38, and 0.6 for mouse, rat and humans,
respectively.

Filser et al {1992) determined enzyme specific kinetics of 1,3-BD in fiver
microsomes from mice, rats and one human sample. From the in vitro data
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they extrapolated maximum rates for the 1,3-BD metabolism to EB in vivo,
resulting in 243, 157, and 99 pmol/h/kg body weight for mice, rats and
humans, respectively. The calculated values were similar to data determined
for mice and rats in vivo (Kreiling et al, 1986, see below).

The species differences between mice, rats, and humans were also
investigated by Csané&dy et af (1992a) using liver and lung fractions obtained
from male Sprague-Dawley rats, male B6C3E1 mice, and humans (12 liver
sampies, 5 lung samples). Maximum rates for 1,3-BD oxidation to EB (Vmax)
were highest for mouse liver microsomes (2.6 nmol/mg protein/min) compared
to humans (1.2) and rats (0.6). The Vmax for 1,3-BD oxidation by mouse lung
microsomes was similar to that of mouse liver but about ten-fold higher than
the reaction in human or rat lung microsomes. The Km-values were 5.14, 2.0,
and 3.75 pmol/£ for the reaction in human, mouse, and rat microsomes. The
Vmax/Km ratios for 1,3-BD oxidation in liver microsomes were 1,295, 230, and
157 for mice, humans, and rats, respectively and 461, 75, and 21 for lung
microsomes. Correlation analysis revealed that cytochrome P-450IIE1 is the
major isoenzyme responsible for 1,3-BD oxidation in human liver samples. This
finding is in agreement with the general hypothesis that low molecular weight
compounds are often substrates of this isoenzyme (Guengerich et a/, 1991).

The in vitro metabolism of the monoepoxide was also investigated by Csanddy
ef al (1992a). Only mouse liver microsomes displayed rates of EB oxidation to
the 1,3-BD diepoxide, DEB, which allowed determination of kinetic constants,
but the diepoxide was also detected in human and rat microsomal incubations.
The identity of the diepoxide was verified by mass spectrometric analysis. The
Vmax for this reaction was 0.2 nmol/mg protein/min with a Vmax/Km ratio of 13,
Human liver microsomes displayed the highest rate of EB hydrolysis. The
Vmax for this reaction ranged from 9 to 58 nmol/mg protein/min and was at
least 2-fold higher than the Vmax observed in mouse and rat liver microsomes.
The median Km-value was 0.58 mmol/¢ in human microsomes, and 1.59 and
0.26 mmol/¢ for mouse and rat microsomes, respectively, resulting in Vmax/Km
ratios of about 32, 3.6, and 9.5 for the reaction in human, mouse and rat
microsomes. The kinetic constants for conjugation of the 1,3-BD monoepoxide
with glutathione in hepatic cytosolic fractions were: Vmax 45 (human), 500
(mouse), 241 (rat) [(nmol/(mg protein x min)]; Km 10.4 (human), 35.3 (mouse),
13.8 (rat) mmol/¢. These results demonstrated that in general the Km's for the
detoxification reactions were about 1,000-fold higher than the Km’s for the
oxidation reaction. /n vivo clearance constants were calculated from the in vitro
data for 1,3-BD oxidation, and EB oxidation, hydrolysis, and GSH conjugation.
Comparison of the overali activation/detoxication ratio revealed that mice have
a significantly higher ratio of activation/deactivation (72) than rats (5.8) and
humans (6.3). Despite tHese differences, the steady state concentration of EB
in the blood of mice upon exposure to 70 ppm 1,3-BD in vivo was estimated
only to be twice the rat concentration (6.1 pmol/€ and 10 umolye, respectively).
These values calculated from in vitro data, although higher than the in vivo



_ ._._—

—— _ - oo .

32

values measured at the same exposure concentration, reflect the same specses o

difference (see 7. 1.3.2, Bond et al 1986).

7132 InVivo

The first evidence that EB is also formed in vivo upon 1,3-BD exposure was .
provided by Bolt et af (1983). Male Sprague-Dawley rats were exposed to initial
1,3-BD concentrations between 6,000 and 7,000 ppm and the exhaled epoxnde
was measured. At the same time an increase of acetone was noted in the
chamber atmosphere.

To compare the metabolic elimination rates of 1,3-BD in male Sprague-Dawley
rats and male BBC3F, mice, the animals were placed in separate closed
chambers with fixed concentrat:ons of 1,3-BD in the air (Bolt et a/, 1984;
Kreiling et af, 1986). The decline in the 1,3-BD concentration was measured

~ over time and the resulting concentration/time curve was analysed using a two

compartment kinetic model. The calculated metabolic elimination rates of 1,3-
BD for rats and mice were dependent on the atmospheric concentration of the
compound. Up to ambient concentrations of about 1,000 ppm metabolic:

elimination was proportional to the exposure concentration in mice and rats.

“Above 1,000 ppm saturation kinetics of 1,3-BD metabolism became apparent

in both spemes The metabolic ehrnmatlon rate of 1,3-BD in mice was about
twice that in rats, both under conditions of low and high exposure
concentrations.

With the same methods the inhalation toxicokinetics of EB was analysed in
male Sprague-Dawley rats and male B6C3F, mice (Kreiling et al, 1987). At
lower exposure concentrations, mice showed a higher metabolic clearance for:
EB than rats (24,000 mé/h x kg vs. 13,400 m¢/h x kg). EB metabolism in rats
is linearly dependent on the atmospheric concentration of the compound up
to exposure concentrations of about 5,000 ppm. In mice, saturation of EB
metabolism was observed at about 500 ppm. The maximal metabolic rate
Vmax was 350 umol/h/kg in mice and > 2,600 umol/h/kg in rats. Thus, with
increasing exposure concentration the metabolic capacity for EB became rate-
limiting in mice but not in rats. When mice were continuously exposed to high
1,3-BD concentrations above 2,000 ppm (Filser and Bolt, 1984; Kreiling et al,
1987), the exhalation of EB could be measured. Exhalation of the epoxide by
mice led to an increase of epoxide concentration in the exposure system up to
a peak concentration of 10 ppm after 10 h. In rats, the exhaled EB reaches a
plateau concentration of about 4 ppm after 2 h of exposure to 1,3-BD. From
about 12 h onward mice showed signs of acute toxicity and hepatic non-
protein sulphydryl content of the animals was virtually depleted. In rats using
the same protocol the hepatic non-protein sulphydryl content showed no major
depletion and no toxicity was observed (Kreiling et al, 1988). From their results
the authors concluded that the EB metabolism in mice is predominantly via the
GSH-transferase pathway when compared with the epoxide hydrolase pathway.
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The distribution of "*C in blood of male Sprague-Dawley rats and male B6C3F,
mice was investigated after inhalation of 7, 70, and 1,000 ppm "*C-labelled 1,3-
BD for 6 h (Bond et al, 1986). Samples of blood were analysed by vacuum
line-cryogenic distillation at 2, 4, and 6 h after start of exposure. The
temperatures of the traps were chosen to trap CO, (-195°C), 1,3-BD {(-130°C),
EB (-95°C) and DEB and 1,2-butene-3,4-diol (-45°C). The largest percentage
of C in the blood was associated with nonvolatile material, which typically
accounted for approximately 60 to 80% of the total *C in the blood. Quantities
of metabolites in mice and rats increased with an increase in exposure
concentration, although the increases were not proportional to the exposure
concentration. At concentrations of 70 and 1,000 ppm, mice had 2 to 5 times
higher concentrations of EB than rats. Similar concentrations of 1,3-BD and
DEB were measured in the blood of mice and rats. However, identification of
these metabolites was based only on co-distillation with authentic standards.
In addition, the authors noted that significantly higher concentrations of *CO,
were found in the blood of the rats than that of the mice.

The effects of different exposure concentrations of 1,3-BD on the cellular non-
protein sulphydryl (NPSH) content of liver, lung, and heart were investigated
in male Sprague-Dawley rats and male B6C3F, mice exposed in an open
exposure system to 10, 50, 100, 500, 1,000, and 2,000 ppm for 7 h
(Deutschmann and Laib, 1989). A dose dependent NPSH depletion was
observed in mice for all tissues examined. In rats, depletion of NPSH content
showed a major reduction above 1,000 ppm only. In mice, depletion of NPSH
content of liver, lung, and heart tissue starts at an exposure concentration of
about 250 ppm. A reduction in the NPSH content of about 80% is observed
for lung tissue at 1,000 ppm and for liver and heart tissue at exposure
concentrations of 2,000 ppm.

The toxicokinetic interaction between 1,3-BD and styrene was investigated in
Sprague-Dawley rats (Laib et al, 1992). Gas-uptake studies were carried out
by co-exposure of animals to a mixture of 1,3-BD between 20 and 6,000 ppm
and styrene between 0 and 500 ppm. The 1,3-BD metabolism was increasingly
inhibited by styrene via a competitive mechanism up to 90 ppm. Higher
styrene concentrations resulted in a small additional inhibition only. 1,3-BD
had no influence on the metabolism of styrene. The K-value of 0.23 pmol/¢
tissue calculated for styrene differed remarkably from its apparent Michaelis-
Menten constant of 40 pmol/¢ tissue (Schwegler et al, 1990), This was
interpreted as suggestive of at least two different cytochrome P450 dependent
monooxygenases which metabolise 1,3-BD, with only one of them inhibited by
styrene (Laib et al, 1992).

Three male cynomolgus monkeys (Macaca fascicularis) were exposed to '*C-
1,3-BD at concentrations of 10.1, 310, or 7,760 ppm for 2 h (Sun et al, 1989z,
Dahl et al, 1991). Exhaled air and excreta were collected up to 96 h after the
end of the exposure. The exhaled air was led through -45, -95, -160, and -



e e —_—

34

| 195°C traps.‘ These traps were calibrated with GO, (trapped at -1 95°C), 1,3-8D

(-160°C), EB (-95°C), and DEB and its diol (-45°C). Other potential metabolites

- that might have been trapped at these temperatures were not used for
calibration. The majority of the volatile material found in the blood immediately
- after the exposure was CO, or 1,3-BD, while the majority of the radioactivity

associated with metabolites in the blood to either of the 2 lower concentrations

" were nonvolatile. This was not the case for the highest exposure concentration -

from which 1,3-BD was the major blood component, probably indicating
saturation of the 1,3-BD metabolism at that concentration. The authors
compared the distribution of volatile and nonvolatile radioactive metabolites in
the blood of monkeys with that of rats and mice after a 2 h exposure derived
with the same technique (Bond et al, 1986). - Although the comparison was

- hampered by differences in both method and exposure between the monkey

study and the rodent studies, the conclusion was made that for equivalent
inhalation exposures the concentrations of total 1,3-BD derived metabolites in

" the blood were 5 or 50 times lower in the monkey than in the mouse, and 4 1o '
14 times lower than in the rat. However, from the above cited data it is-
- questionable whether at this time point steady state conditions were met. (The

. Task Force is aware of inconsistencies reported by Dah! et al, 1991; an erratum

is to be published in Toxicology and Applied Pharmacology).

- Male Sprague-Dawley rats, B6C3F, mice, Syrian hamsters, and Cynomolgus -

monkeys were exposed for 2 h to 8,000 ppm '*C-labelled 1,3-BD and 24 h
urine samples were analysed for metabolites (Sabourin et al, 1992, section
7.1.4). '

indirect evidence for the in vivo formation of DEB can be derived from DNA
adducts detected after exposure of male Wistar rats and male B6C3F, mice to
initial concentrations of 500 ppm 145 Jabelied 1,3-BD (Jelitic et al, 1989). After
isolation, purification, and hydrolysis, liver DNA hydrolysates of the exposed
animals were separated by column chromatography. The radioactivity of the
eluted fractions was measured and the observed peaks tentatively identified by
co-elution with nen-labelled authentic marker compounds. 7-N-(2,3,4-
trihydroxybutyl)guanine, an expected reaction product of DEB with guanine
bases, and 7-N-(2—hydroxy-3-butene-1-yl)guanine as one of the expected
reaction products of EB were detected in mouse liver DNA hydrolysates but not
in rat liver DNA hydrolysates.

The same authors investigated DNA-DNA and DNA-protein crosslinks after

" exposure of male Sprague-Dawley rais and male B8C3F, mice to 250, 500, and

1,000 ppm of 1,3-BD for 7 h. |mmediately after exposure, cell nuclei of liver
and lung tissues were 'solated and subjected to alkaline elution. The curves
obtained from mouse tissues show the occurrence of protein-DNA and DNA-
DNA crosslinks from about 250 ppm onwards. No crosslinking activity of 1,3-
BD was observed for rats. The crosslinking activity of 1,3-BDin the mouse was
attributed to its bifunctionally-alkylating intermediate DEB.
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In contrast, Ristau ef a/ (1990) could not detect DNA-DNA crosslinks in liver
DNA from male BBC3F, mice or male Sprague-Dawley rats exposed to 2,000
PPpm 1,3-BD for 8 h/d for 7 d. The authors used cesium trifluoroacetate
density-gradient centrifugation for the detection and quantification and were
able to demonstrate that DNA-DNA crosslinks were formed after in vitro
incubation of DNA with DEB.

On the basis of the kinstic data accumulated by Filser and his coworkers over
the last decade, Johanson and Filser (1992) developed a 1 2-compartment PB-
PK model for 1,3-BD, EB, and glutathione. The model describes the uptake,
distribution and elimination of 1,3-BD together with the formation, distribution
and elimination of EB via the 3 possible pathways. In order to deseribe GSH
conjugation, a compartment for production and non-epoxybutene dependent
elimination of GSH was included. The 1,3-BD and EB compartments were
linked via a common intrahepatic compartment describing also the epoxide
hydrolase pathway for EB (intrahepatic first-pass effect). Most parameters
included in this model were experimentally determined (e.g., partition
coefficients) or derived from experimental data (e.g. from the kinetic constants
obtained by analysis of gas-uptake studies via g 2 compartment model). The
model was validated by comparison of simulated concentration-time courses
with experimentally determined 1,3-BD uptake curves, EB exhalation curves
and liver GSH depletion data. The authors stated that the predicted
concentration-time curves agreed well with the experimental data. Their model
suggests a 1.5-fold difference between the body burden of EB in mice and rats
at exposure concentrations below 1 ,000 ppm 1,3-BD. This difference increases
to 3-fold at exposure concentrations higher than 1,000 ppm.

Further refinement of this PB-PK model is being undertaken at Filser's
laboratory, In addition, two other models are being developed in the USA at
the Chemical Industry Institute of Toxicology (CIIT) to include human in vitro
data (Csandady et al, 1992b; Bond et al, 1992) and at the Inhalation Toxicology
Research Institute (AZ) (Shyr et al, 1992) (section 9.1).

Excretion

in male Sprague-Dawley rats and male BBC3F, mice, urine and exhaled air
were the major routes of excretion of "G derived from exposure to 0.08 to
7,100 ppm "C-labelled 1,3-BD, with a concomitant increase in exhalation of
14COz.

Male Sprague-Dawley rats and B6C3F, mice were exposed nose only for 3.4
h to mean concentrations of 670 and 65 ppm “*C-labelled 1,3-BD (Bond et al,
1987). For both rats and mice, elimination of "C from bicod and tissues was
rapid, with 77% to 99% of the initial tissue burden being sliminated with half
lives of 2 to 10 b, depending on the tissue.
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- In the gas-uptake studies described above (Bolt et al, 1984; Kreiling et al, 1986)

the metabolic clearance of 1,3-BD was calculated for an "open" exposure -
system. For male B6C3F, mice it was about 1.5 times higher than for male

- Sprague-Dawley rats (7,300 m¢/h vs. 4,500 mé/h). The exhalation rate

constants were similar for both species.

The excretion of *C in monkeys exposed to 10.1 to 7,760 ppm *C-labelled 1,3-

 BD was investigated by Dahl et al (1991). At 10 ppm, slightly more of the

inhaled ™C was exhaled as CO, than was excreted in the urine. This ratio was

reversed for 310 and 7,760 ppm exposures. 4G elimination in faeces was -
substantially less than in urine or as CO,. '~ Other unidentified volatile

metabolites were also exhaled, these latter metabolites being a major route of
excretion at 7,760 ppm. Urinary excretion could be described by a single
negative exponential with a half life of9.4 h. The other routes of excretion had

- more complex patterns. Urine was the largest pathway of excretion for the

exposures at 10 and 310 ppm. (The Task Force is aware of inconsistencies

reported by Dahl et al, 1991; an erratum is to be published in Toxicology and S

. Ap_plied Pharmacology)}.

7.1.5

'Species differences in the urinary excretion of 1,3-BD metabolites were”

described by Sabourin et al (1992). F344 rats, Sprague-Dawley rats, B6C3F,
mice, and Syrian hamsters were exposed nose-only to 8,000 ppm '*C-labelled
1,3-BD for 2 h. Cynomolgus monkeys were exposed to 10, 300, or 800 ppm
for 2 h. Immediately after the exposure, the urine was collected for 24 h (rats,

mice, hamster) or 96 h (monkeys). 1,2<Dihydroxyf4-(N-aC'etylécysteinyl) butane

(metabolite ) and 1-hydroxy-2-(N-acetylcysteinyl)-s-butene (metabolite Il) were
identified by GC-MS methods. Metabolite | is probably the result of GSH
conjugation to 3-butene-1 ,2-diol and subsequent conversion of the conjugate
to the mercapturic acid whereas metabolite ||, the N-acetyl-cysteine conjugate
of EB, is formed from the GSH conjugate of the monoepoxide. Mice excreted
3-4 times as much metabolite il as |; the hamsters and the rats produced
approximately 1.5 times as much metabolite Il as |; the monkeys produced
primarily metabolite 1. At 10 ppm, monkeys excreted only metabolite |, whereas
at 300 ppm the ratio between | and |l ‘was the same as at 8,000 ppm. Four
other urinary metabolites, formed in all species in minor amounts, were not
identified. The ratio of formation of metabolite | to the total formation of the two

‘mercapturic acids correlated well with the known hepatic EH activity in the

different species. These data suggest that the availability -of the monoepoxide
for conjugation with GSH is highest in the mouse, followed by the hamster and
the rat, and lowest in the monkey.

Biological Monitoring

No validated methods for biomonitoring human exposure 1o 1,3-BD have been
establisned, but method development using experimental animals has been
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performed to investigate the formation of biood haemoglobin (Hb) adducts after
1,3-BD exposure as a marker for previous exposures,

Sun et al (1989b) treated male Sprague-Dawley rats and male B6C3F, mice
with "*C-labelled 1,3-BD in corn oil (i.p. injection). Globulin was isolated from
biood samples and analysed for "C. Hb-adduct formation (measured as
associated radioactivity, not characterised analytically) was linearly related to
administered doses up to 100 umol 1,3-BD per kg body weight for mice and
rats. Hb adducts also accumulated linearly after repeated daily administration
of 100 pmol "*C-labelled 1,3-BD per kg body weight for 3 days. The adducts
showed lifetimes of 24 to 65 days for mice and rats, respectively, which
correlate with reported lifetimes for red blood cells in these species. The
efficiency of Hb adduct formation in mice and rats was 0,177 and 0.407 [{pmol
of "C-adducts/mg globin)/(umol of retained '*C-1,3-BD/kg body weight)],
respectively. This reveals that mice were approximately 2.3 times less capable
than rats of converting 1,3-BD administered via L.p. injection into 1,3-BD derived
Hb adducts. If the degree of 1,3-BD-induced carcinogenesis and the degree
of Hb adduct formation are both due to and dependent on the extent of
metabolism of 1,3-BD to reactive (alkylating) metabolites, then the amounts of
Hb adducts formed in this study did not correlate with the toxicity of the
compound. Hence, the authors expressed doubts about the usefulness of 1,3-
BD derived Hb-adducts as indicators of the levels of reactive chemical
metabolites in blood. However, it has to be kept in mind that the adducts were
measured as associated radioactivity and that the route of administration was
not by inhalation.

GC/MS has been used to determine quantitatively the formation of the adduct
of EB to the N-terminal valine in Hb isolated from Wistar rats exposed to 0, 250,
500, and 1,000 ppm 1,3-BD 5 dfwk over 2 weeks. In addition, urine was -
collected each day during exposure and in between exposures. The Hb

‘adducts proved to be stable and were regarded as useful for dosimetry or

long-term exposure. The adduct concentrations increased linearly with
éxposure dose up to 1,000 ppm (3 nmol/g Hb at 1,000 ppm). The amounts of
mercapturic acids excreted were also linearly related to the air concentrations
of 1,3-BD. Hence, the authors regarded both methods as usefu! for assessing
occupational exposure to 1,3-BD, although the sensitivity of both methods
needs improvement. In addition, the authors suggested developing methods
for in vivo dosimetry of DEB (Osterman-Golkar ef al, 1991),

Alkylated amino acids of haemoglobin and serum albumin, obtained after in
vitro reaction of EB with human blood, were characterised by HPLC and HPLC-
MS (high-pressure/performance liquid chromatography - mass spectrometry).
This method is considered by the authors to be suited for further development
(Mdller et al, 1991),
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Urine samples from workers exposed to 1 .3-BD were analysed for mercapturic
acids of EB, but the method lacked the sensitivity required for current 1,3-BD-
exposure levels (Sorsa et af, 1991; Arbetsmiljéfonden, 1991). The same group

has been exploring other biomonitoring methods, including GC measurement
of 3-butene-1,2-diol derivates in uring, and cytogenetic parameters such as

. chromosomal aberrations, SCE and micronuclei. These methods have not yet

been validated (Arbetsmiljéfonden, 1991) (cf. section 7.2.4.3). The approaches
being developed by this group are part of the EC-STEP programme (section
9.3). ' .

Summeary and Evaluation

‘The metabolic elimination of 1,3-BD is linearly related to the ambient 'eXposuré '

concentration up to about 1,000 ppm in rats and mice, with mice showing
higher elimination rates. Above 1,000 ppm, metabolic pathways are saturated

~ in these species. In monkeys, the metabolic elimination of 1,3-BD appears to

be saturated at 300 ppm. The data presented in the previous sections support
the scheme of metabolism shown in Figure I. 1,3-BD is metabolised by
cytochrome P-450 dependent mono-OXygenases {presumably -2 different
isoenzymes) to the primary metabolite EB. This intermediate is subjected to
further metabolism via 3 pathways, (i) hydrolysis by epoxide hydrolases to 3-
butene-1,2-diol, (i) further epoxidation by mono-oxygenases to yield DEB and

(iif) conjugation to GSH catalysed by GSH S-transferases. DEB gither may be . - ]

conjugated to GSH or may be hydrolysed to 3,4-epoxy-1 2-butanediol, which
also may be formed by epoxidation of 3-butene-1,2-diol.  3,4-Epoxy-1,2-
butanediol may be subjected to further hydrolysis yielding erythritol and threitol,
or may be conjugated to GSH. CO, may be formed by action of
dehydrogenases and decarboxylases on 3-butene-1,2-diol, or via carbohydrate
metabolism of erythritol. The individual glutathione conjugates are excreted as
mercapturic acids in the urine. Presumably also the diols are excreted as
conjugates (glucuronides, sulphates). Identification of crotonaldehyde as a
minor metabolite may indicate the involvement of the peroxidases as an
additional metabolic pathway.
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FIGURE |

_ Metabolism of 1,3-BD
(adapted from Malvoisin and Roberfroid, 1982}
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According to the in vitro and in vivo data, the biotransformation appears to be
qualitatively similar across species, including humans. However, owing to
observed differences in both the uptake of 1,3-BD and in the metabolic kinetics,
the steady-state concentrations in blood and target tissues and the resulting

‘body burden of 1,3-BD and its individua! metabolites are quantitatively different . -
- across species. The different ratios of activating/deactivating processes in the

individual species have major implications with regard to the three epoxides
formed by metabolic conversion of 1.3-BD. Although it has not been clarified
which metabolite is the ultimate carcinogenic metabolite, attention has been
focused on the primary metabolite formed, EB. As evidenced by data on
exhalation and on biocod concentrations of this epoxide, as well as by results
of PB-PK modelling and other extrapclations of in vitro data to the in vivo
situation, the total body burden at low exposure concentrations of 1,3-BD
appears to be up to 3-fold higher in the mouse compared to the rat. Monkeys
also have 4 lower body burden of EB compared to mice. Similar conclusions
can be drawn with respect to humans from in vitro data obtained with human
lung and liver samples. If human metabolism in vivo follows the pattern found
in monkeys and in the in vitro samples, one would expect that humans are

closer to the rat than to the mouse with regard to the body burden of EB.

Even greater species differences may exist with regard to the epoxides formed

by EB metabolism. In terms of assessing the ’biclogically effective dose’, the

area under the concentration-time curve for EB appears 10 be superior to the -
measurement of external exposure concentration. S :

7.2  Toxicodynamics

This section describes the toxicodynamics of 1,3-BD in experimental animals
- and its effects on in vitro systems.

7.2.1 Acute Toxicity

7.2.1.1 Inhalation
A 2-h LC,, was determined for the mouse at 270 mg/¢ or 122,000 ppm; a 4-h
LC,, in rats was 285 mg/¢ or 129,000 ppm (Shugasv, 1969).
Exposure of rabbits to 250,000 ppm (25%) 1,3-BD for 2 min induced light
anaesthesia, while exposure for 8 to 10 min induced deep anaesthesia. Death
due to respiratory paralysis occurred after 25 to 35 min exposure to this high
concentration of 1,3-BD (Carpenter ef al, 1944).

7.2.1.2 QOral

An LD,, for the rat is 5,480 mg/kg; and for the mouse 3,210 mg/kg (Ripp,
1968).



7.2.1.3 Dermal

7.2.2

7.2.2.1

No data are available.

Irritation, Sensitisation and Immunotoxicity

Skin Irritation

No data are available,

7.2.2.2 Eye Irritation

No eye irritation studies are available.

No eye irritation was reported in chronic bioassay studies in rats and mice
exposed by inhalation to 1,250 ppm and 8,000 ppm 1,3-BD respectively (NTP,
1984, Owen et al, 1987).

7.2.2.3 Sensitisation

No data are available.

7.2.2.4 Immunotoxicity

7.2.3

BBC3F, mice were exposed by inhalation to 0 or 1,250 ppm 1,3-BD (6 h/day,
5 days/week) for 6 or 12 weeks. Immune function assays were selected to
evaluate specific humoral and cell-mediated immunity and spontaneous
cytotoxicity; lymphoid organ histopathology was also evaluated. Moderate
histologic changes (primarily decreased lymphoid cellularity and increased
extramedullary haematopoiesis) were observed in spleens from exposed
animals, but immune function was comparable between control and exposed
mice. These functional assays determined the ability to generate
antibody-producing cells, and lymphocyte proliferation in response to mitogens
and cell surface alloantigens, and spontaneous and acquired cytotoxicity
(Thurmond et al, 1986). '

No detailed data are available in other species.

Subchronic Toxicity

Carpenter ef al (1944) exposed groups of 24 rats, 12 guinea pigs, 4 rabbits,
and 1 dog to 0, 600, 2,300 or 6,700 ppm 1,3-BD (7.5 h/day, 6 days/week) for
8 months. Reduced body weight gain was noted in rats and guinea pigs: at
6,700 ppm. There were no effects reported among animals exposed to 600 or
2,300 ppm 1,3-BD. "~ ‘ :
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- In a Russian study, rats were exposed td 0, 0.45, 1.35, or 13.5 ppm for 81
- days. Changes in the liver, kidney and spleen morphology, the central nervous

system, and immunologic status were observed in rats exposed to 0.45 ppm

~ 1,3-BD. Morphologic changes in the nasopharynx were noted in rats exposed

to 1.35 ppm. At 13.5 ppm, rats exhibited haemodynamic changes, increased
permeability of the vessels, and alteration of the structure of the kidney and

" heart (Nikiforova et al, 1969 as quoted in Chemical Abstracts). This finding
_could not be confirmed in later studies with doses as high as 8,000 ppm (Owen

et al, 1987).

Groups of 40 male and female Sprague-Dawley rats were exposed to 0, 1,000,
2 000, 4,000 or 8,000 ppm 6 h/day, 5 days/week for 13 weeks. The only effect

- the investigators considered to be related to 1,3-BD exposure was a moderate

increase in salivation, particularly among female rats during the last 6 to 8
weeks of exposure at the higher concentrations. Bone-marrow was not

- examined (Crouch et al, 1979).

Groups of 5 male and female B6C3F, mice were éxposed to 0, 625, 1,250,

. 2,500, 5,000 or 8,000 ppm 1,3-BD (6 h/day, 5 daysfweek) for 15 days: No

treatment-related effects were observed (NTP, 1984).

" Groups of 10 male and female BEC3F, mice were exposed 1o 0, 625, 1,250,

2,500, 5,000 or 8,000 ppm 1,3-BD (6 h/day, 5 days/wesek) for 14 weeks, The
following numbers died or were killed when moribund; 6 males and 1 female
exposed to 8,000 ppm, & males and 1 female at 5,000 ppm, 1 male at 2,500
ppm and another male at 1,250 ppm. Body weight gains were decreased in
males at the three highest concentrations and in females at the two highest
concentrations. No treatment-related histopathologic effects were observed
(NTP, 1984).

BBC3F, or.NIH-Swiss mice were exposed to 0 or 1,250 ppm 1,3-BD (8 h/day,
5 days/week) for 6 weeks. Treatment-related changes in both strains included
decreased circulating erythrocytes, total haemoglobin and haematocrit, and
increased mean corpuscular volume. The anaemia was not accompanied by
a significant alteration in mean corpuscular haemoglobin concentration, nor an

increase in circulating reticulocytes, nor an increase in circulating nucleated

erythrocytes.  These findings are consistent with a treatment-related
macrocytic-megaloblastic anaemia and indicate that the bone marrow is a
target organ for 1,3-BD toxicity in.the mouse (Irons et al, 1986a,b).

BE6CS3F, male mice were exposed to either 0 or 1,250 ppm 1,3-BD (6 h/day, 5
days/week) for either 6 or 30 weeks. Quantitative assessment of pluripotent
stem cells was made using the spleen colony-forming assay (CFU-S). The
differentiation of committed myeloid cells was made by enumerating the CFU
of granulocyte/macrophage (CFU-GM) and the effects on haematopoiesis were
assessed by long-term bone marrow culture. Neither the number of CFU-S nor
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CFU-GM were altered following 6 weeks of exposure to 1,3-BD, although the
colonies derived from treated animals were small in size. Large colonies were
assumed to have arisen from mature pluripotent stem cells which differentiated
upon stimulus, while the smaller colonies originated from the more primitive
stem cells. There were no changes in bons marrow cellularity after 6 weeks
of exposure. The number of both CFU-S and CFU-GM were significantly
decreased after 30 weeks of exposure. There was also a significant
suppression in the number of CFU-GM in long-term bone marrow cultures after
14 days in culture relative to control cultures. This alteration in the kinetics of
stem cell proliferation in long-term cuitures suggests a profound change in
stem cell regulation, a shift in maturation or a delay in differentiation to the
granuldeyte/macrophage committed cell. These findings indicate that 1,3-BD
causes alterations in stem cell development in mice {Leiderman et af, 1986).

7.2.3.1 Summary and Evaluation

7.2.4

7.2.4.1

1,3-BD has a low acute and subchronic toxicity. The target organs in the
mouse are the central nervous system (CNS) and bone marrow, whereas non-
specific effects were reported in the rat. The NOEL is 2,300 ppm in the rat and
825 ppm in the mouse.

Genotoxicity

The genetic toxicology of 1,3-BD has been reviewed by Rosenthal (1985), De
Meester (1988), Brown (1990), the Dutch Expert Committee on Occupational

Standards (DECOS, 1890) and IARC (1992).

In general 1,3-BD is metabolised to reactive epoxide intermediates. It is
converted to EB, and further oxidised to DEB or hydrolysed by
epoxidehydrolase to 3-butene-1 ,2-diol, The latter product is then metabolised
to 3,4-epoxyde-1,2-butanediol by oxidation (section 7.1.3),

The metabolites EB and DEB react with DNA to give alkylated products

(reaction of EB and DNA) and interstrand crosslinks (section 7.1.3). This type

of adduct may eventually lead to damage at the gene and/or chromosomal
level. '

In Vitro (Table Xll)

In Salmonella strain TA1530 (detecting base-pair substitutions), mutagenic
effects were induced by 1,3-BD in the presence of S9 from rats pretreated with
phenobarbital or Arochlor 1254. Thers was no effect on the mutation frequency
in this particular strain when uninduced rat liver 89 fraction was used. 1,3-BD
was mutagenic to TA1535, both with induced and uninduced rodent S9 but not
mutagenic when uninduced human S9 was employed (De Meester et af, 1980;
Arce et al, 1990). In a mouse lymphoma forward rutation assay, modified for
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testing gases and vapours, 1,3-BD was inactive both with and without

metabolic activation (McGregor ef al, 1991). A weak positive response was
reported for SCE induction in Chinese hamster cells (+S59) and in human

| lymphocytes (+/-S9) (Sasiadek et al, 1991ab). However, this effect could not

be reproduced in another study in which a variety of S9 fractions were used,
including those from the mouse and human (Arce et al, 1990).

TABLE XIil

" Genctoxicity of 1.3-BD In Vitro

Test system

Results without

Results

Reference

cells) ‘

activation with activation
Microbial _ ‘ _ ' |
Reverse gene mutation -ve " +ve (strains De Meester et al,
(Salmonella typhimurium) 1530 and 1535 1980; Arce et al, -
I : only) 1990

Madified pre-incubation Salmonella Not tested +ve (pre- :
typhimurium (strain TA100, TA102) : incubation) Hughes et af, 1987
reverse gene mutation assay ' : -
Mammalian cell’ : a L R
SCE (Chinese hamster cells) -ve +ve (weak) Sasiadek et al, 1991a
SCE {human lymphocytes) -ve -ve Arce et al, 1990;

A +ve - +ve {weak) Sasiadek et al, 1991b
Gene mutation {mouse lymphoma -ve -ve McGregor et al, 1991

7.2.4.2 [n Vivo (Table XIV)

When Wistar rats and B6C3F, mice were exposed in a closed system to
14C-BD, radioactivity was recovered in both species from hepatic nucleoproteins
and DNA (Kreiling et al, 1986). Defined alkylating products could only be
isolated from livers of mice (Jelito et a/, 1989). In the same study the
occurrence of protein-DNA and DNA-DNA cross-links (probably a biclogical
effect of the bifunctional alkylating metabolite DEB) was shown in alkaline
eiution profiles from the livers of mice at dose levels of 250 ppm and higher.
No such crosslinks were detected in the rat (Jelitto et al, 1989). However,
Ristau et af (1990) did not detect DNA-DNA crosslinks in livers of B6C3F, mice
or Sprague-Dawley rats exposed to 2,000 ppm 1,3-BD for 7 days, 8 h/day, but,
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interstrand crosslinks were formed in purified liver DNA after incubation with
DEB. 1,3-BD did not induce unscheduled DNA synthesis in the rat or mouse
after exposure to 10,000 ppm (Arce et al, 19980). However, 1,3-BD increased
sister chromatid exchanges (SCE) and chromosomal aberrations in mouse
bone marrow (Cunningham et al, 1986, Irons et al, 1987a; Tice et al, 1987).
The number of micronuclei in peripheral lymphocytes and bone marrow was
also increased in 1,3-BD treated mice (Cunningham et al, 1986: Tice et al,
1987, Jauhar et al, 1988; Victorin et al, 1990). These effects could not be
confirmed in the rat (Cunningham et af, 1986). In bone marrow micronucleus
assays conducted using simultaneously exposed mice and hamsters-a 1.4-fold
increase was found in the number of micronuclei in the hamster, while an 11.2-
fold increase was observed in the mouse (Exxon, 1990). Exposure of male
mice up to 5000 ppm (6 h/d on 5 consecutive days) of 1,3-BD had no effect on
their ability to mate and impregnate females, and produce live fetuses
(dominant lethal study; Hackett et a, 1988a). Atransgenic mouse (lac Z target
gene, Mutamouse®) was used in a pilot study to determine the induction of
1,3-BD mutations in mouse tissues. The mutant frequency in bone-marrow and
liver samples did not exhibit a significant increase above background while in
lung there was a 2-fold increase (Recio et al, 1992). Micronucleus induction
was not found in monkeys exposed to concentrations of 1,3-BD up to 8,000
ppm for 2 hours, nor was there an increase in frequency of SCE (Sun et a/,
1988). Negative results were obtained when 1,3-BD was tested on Drosophila
for somatic mutation and recombination (SMART) (Victorin et al, 1990).

7.2.4.3 Humans (Table XIV)

In a study of workers employed at a Finnish facility which produces 1,3-BD,

- Cylogenetic analyses revealed no increase in sister chromatid exchanges,

chromosomal aberrations or micronuclei in peripheral blood. The ambient air
concentrations of 1,3-BD were generally below 1 ppm and the workers used
protective clothing and respirators (Ahlberg et al, 1991; Sorsa et al, 1991).

[N
.
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b - . TABLEXV
fom © Genotoxicity of 1,3-BD.In Vivo
Species _ o . Restlts | References
- Mouse .
DNA alkylation (lives) : +ve Jelitto et al, 1989; Kreiling, 1989
DNA single strand breaks {liver) ' +ve Vangala et af, 1987
DNA-DNA crosslinks _ .
liver +ve Jelitto et al, 1989; Vangala et af, 1987
-ve Ristau et af, 1990
lung : +ve Vangala and Jelitto, 1989
1 Unscheduled DNA synthesis (UDS) - -ve . Arce et al, 1990; Vincent ot al, 1986
-i N Sister chroratid exchanges (SCE) (bone marrow) ) +ve Cunningham et al, 1986£ Tice et af, 1987
| . i ) . .
i Micronucleus {peripheral blood) : ) +ve Tice ét af, 1987; Jauhar et al, 1988; MacGregor et al,
' : 1960; Wehr et al, 1987
I~ . Micronucleus (bone marrow) o +ve Cunningham et al, 1986; Victorin et &/, 1990; Exxon,
| ) .
- Dominant lethal o ] e Hackett et al, 1988a
1 ’ ' . Chromosamal aberrations (bone marrow) +ve - Irons et al, 19874; Tice et a, 1687
i . ) Gene mutations (lac Z} in transgenic mice {Mutamouse®}
ne, livar o : : . ve. Recio et al, 1992
| L bone mamow ) ) ) ve :
Lo jung ) +ve
Rat
wem g DNA-DNA crosslinks
- liver -ve Jelitto ef af, 1989; Ristau et af, 1980; Vangala et al,
. 1987 ’
o lung ) -ve Vangala and Jellitto,1989
DNA single strand breaks +ve Vangala et al, 1987
‘ DNA-alkylation {iver) -ve Jefitto et af, 1989; Kreiling, 1889
! uDs -ve . Arce et al, 1990; Vincent et al, 1986
‘ SCE (bone marrow) Ve Cunningharmn et al, 1936
Micronucleus (bone marow) ve Cunningham et al, 1986

F Syrian hamster

i Micronucleus = Exxon, 1990

! Primate

3 Mieronucleus e Sun et af, 198%a

| .

! SCE e Sun et al, 19882

}

I Crosophila .
Somatic mutation and recombination test (SMART) e Victorin et al, 1990

; . Hurman

. SCE's {lyrnphocytes} Ve Ahlberg et al, 1991; Sorsa et af, 1991
Micronucleus (lymphocytes) -ve Anlberg et al, 1991; Sorsa et al, 1991
Chromosemal aberrations {lymphocytes) -ve Ahlberg et al, 1991; Sorsa et al, 1991

=, equivocal
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7.2.4.4 Metabolites (Tables XV to XVIII

Two major metabolites, EB and DEB, are formed /n vitro and in vivo and both
bind covalently to DNA (Leuratti and Marafante, 1992a,b). EB was reported to
be genotoxic in Salmonella, E. coli and Klebsiella (De Meester et al, 1978;
Hemminki et a/, 1980; Voogd et a/, 1981, Gervasi et al, 1985), It did not induce
unscheduled DNA synthesis in rat and mouss hepatocytes (Arce et al, 1990).
Chromosome damage was induced by EB in vitro (without metabolic activation)
and in vivo (Sharief et a/, 1986; Sasiadek et al, 1991a,b).

DEB produced increases in mutations, gene conversions, mitotic
recombination, SCE's and chromosomal aberrations in in vitro short term tests
in the absence of an S9 fraction (references in Table XVIl). However, DEB did
not induce unscheduled DNA synthesis in rat or mouse hepatocytes (Arce et
al, 1990). In a mouse host-mediated assay with Salmonelia and
Saccharomyces, reverse gene mutations were induced but no mitotic
recombination occurred (Simmon et af, 1979). Chromosome aberrations and
SCE’s were increased in a dose-related way in DEB-treated mice and Chinese
hamsters,
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TABLE XV

| - Genotoxicity of EB In Vitro

- Test system Results without Results with Reference
activation “activation
Microbial .
Reverse gene mutation +ve Not tested De Meester et al,
(Salmoneffa typhimurium TA ' 1978; Gervasi et &/,
100, TA 1580, TA 1535) 1985
-Revarse gena mutation' ‘ +ve Not tested Hemminki et al, 1980
(Escherichia coli) '
Fluctuation test +ve Not tested Voogd et al, 1981
(Klebsiella pneumoniae) - Co . .
Mammalian cell
UDS (rat hepatocytes) = -ve Net applicable Vincent et al, 1985
: ' : Arce et al, 1990
UDS (mouse hepatocytes) -ve Not applicable Arce e_f al, 1980
SCE {Chinese hamster ovary +ve +ve Sasiadek ef af, 1991a
cells)
+ve +ve Sasiadek et a/, 1991b.
8CE (human lymphocytes) :
+ve Net tested Leuratti and
DNA-adducts (human Marafante, 1992a,b
lymphocytes)
Miscelianeous
DNA-adducts (calf-thymus +ve Not applicable Leuratti and
DNA) Marafante, 1992a,b
TABLE XVI
Genotoxicity of EB In Vive
Test system Results Reference
Mouse
SCE (bone marrow) +ve Sharief et af, 1986
Chromosomal aberrations (bone marrow) +ve Sharief et al, 1986
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TABLE XVl

Results without

Tast system Results with Reference
activation activation
Microbial
Reverse gene mutation +ve +ve McCann et af, 1975; Rosenkranz and
(Salmonelia typhimurium TA 100, TA 1 535) Poirier, 1979 .
+ve -ve Dunkel et al, 1984; Gervasi ef al, 1985
Reverse gene mutation {£. coli) Glover, 1956;
+ve * Dunkel et af, 1984
* *
DNA repair {£. coli) Thielmann and Gersbach, 1978
+ve Not tested
Voogd et al, 1981
Fluctuation test (Kiebsieffa prieumoniae)
: +ve Not tested
Yeast and fungus .
Gene conversion +ve Nat tested Zimmerman, 1871; Sandhu et af, 1984
(Saccharomyces cerevisiag)
. Zimmerman and Vig, 1975; Simman,
Mitctic recombination (crossing over) +ve Not tested 1979; Sandhu et a/, 1984
(Saccharomyces cerevisiae)
Polakowska and Putrament, 1979;
Sandhu etal, 1984 -
Gene mutation {forward, reverse, +va +ve
mitochondrial) (Sacoharomyces cerevisiae)
’ Pape et al, 1984
Reverse gene mutation
{Neurospora crassa) +ve Not tested
Mammalian cell systems
DNA-DNA erosslinks {mouse liver cells) +ve Not tested Ristau ot af, 1990
UDS {rat hepatocytes)
Ve Not applicable Vincent et al, 1086
Gene mutation (mouse lymphoma cells) Not tested
+ve McGregor ef al, 1988
SCE (Chinese hamster cells)
+ve :
) +ve Perry and Evans, 1975; Sasiadek et a/,
SCE (human lymphocytes) 1991a
+ve :
+ve Wiencke et al, 1982; Sasiadek et &/,
Chromosomal aberations (human 1891b
lymphoblasteid cell lines) Not tested
+ve Cohen et af, 1982
Chromosomal aberrations (human bone
marrow} ] Not tested
+ve Marx et af, 1983
Miscellaneoys
DNA-adducts (calf thymus DNA) +ve Not applicable Leuratti and Marafante, 1992a,b

+, equivocal
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P . | TABLE XVIII

Genotoxicity of DEB /n Vive

Test sysfem Results | Reference

Drosophila

SMART _ ' +ve Graf et af, 1983

SLRL +ve Bird and Fahmy, 1953; Fahmy and
: Fahmy, 1970; Sankaranarayanan et

al, 1089 .

Chromosome deletion ~ - +ve. Fahmy and Fahmy, 1670

Mouse | : .

Host mediated assay (Salmonelfa - +ve Simmon et a/, 1979 '

typhimurium, TA 1530, reverse gene mutation

_ Host mediated assay (Sacéharomyces -ve ..| Simmon et al, 1979
) cerevisiae D3; mitotic recombination) ‘
SCE {bone marrow) ' | +ve .Conner et al, 1983; Walk et al, 1987
SC_E (alveclar macrophages) +ve ‘Conner ef al, 1983
SCE (regenerating liver cells) +ve Conner et al, 1983
Chromosomal aberrations (bone marrow) +ve Valk et al, 1987
Chinese hamster
SCE (bone marrow) +ve Valk et al, 1987
Chromosomal aberrations (bone marrow) +ve Valk et af, 1987

7.2.4.5 Summary and Evaluation

1,3-BD itself is not genotoxic. However, its metabolites can interact with DNA
directly to form adducts and crosslinks which eventually may result in gene
mutations and chromosomal aberrations. The genotoxic action of 1,3-BD in
various test systems depends on its biotransformation to reactive metabolites.
The efficacy of this biotransformation appears to be quite different among
species; the mouse is clearly more sensitive to 1,3-BD induced genetic
alterations than other species.

7.2.5 Chronic Toxicity and Carcinogenicity

The carcinogenicity of inhaled 1,3-BD was studied in Sprague-Dawley rats and
in BBC3F, mice. These studies were undertaken by Hazleton Laboratories for
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the International Institute of Synthetic Rubber Producers (IISRP) and by the US
National Toxicology Program (NTP) to determine if there is a potential health
hazard to exposed humans.

Inhalation Exposure of Rats

In a 2-year study, 100 Sprague-Dawley rats/sex were exposed to 0, 1,000 or
8,000 ppm for 6 h/d, 5 d/wk (Owen, 1981a,b; Owen et al, 1987; Owen and
Glaister, 1990). Survival was reduced in high-dose males and in low- and
high-dose females (male survivors: 45/100 controls, 50/100 low-dose, 32/100

- high-dose; female survivors: 46/100 controls, 32/100 low-dose, 24/100

high-dose). Increased mortality in the 8,000 ppm male group was attributed
to severe nephropathy and reduced survival in both female groups resulted
from sacrifice of animals with large subcutaneous masses. There were no
effects on haematology, blood chemistry, urine parameters and neuromuscular
function that could be associated with treatment. Treatment did affect body
weight gain (in the first 12 wesks of the study), certain organ weights and
incidence of common and uncommon tumours. Tumours that occurred with
significantly increased incidences in males were pancreatic exocrine necplasms
and Leydig cell tumours. In females, significantly increased incidences of
tumours were found in the thyroid (follicular-cell adenomas and carcinornas)
and in the mammary gland (adenomas and carcinomas); the majority of these
tumours were benign. When considered separately, the incidences of benign
and malignant tumours were neither statistically significant nor dose-related.
The high incidence of mammary tumours is consistent with the historical 90%
incidence in concurrent control groups of Sprague-Dawley rats used at
Hazleton Laboratories (Owen, 1980; Léser, 1983). Tumourswitha "significantly
related trend" included sarcomas of the uterus and carcinoma of the Zymbal
gland (Table XX). The authors concluded that under the exposure conditions
used in this study 1,3-BD is a weak carcinogen in the rat and that the tumour
pattern (testis, mammary gland, uterus, thyroid, Zymbal gland which are
endocrine or sex-hormone sensitive organs) is more indicative of an indirect
mechanism mediated through the endocrine system rather than by a direct
effect through the production of reactive metabolites (Owen and Glaister, 1990).
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TABLE XIX

'Incidence of Selected Primary Tumours in Sprague-Dawley Rats*®

(from Owen and Glaister, 1990)

Tissue and tumour ' : Sex Exposure concentration (ppm)
0 1,000 8,000
Pancreas: adenoma M 3/100 1/100 10/100"
F 2100 0/100 0/100
Uterus: sarcoma F 1/100 4/100‘ - 5/100
Zymbal gland: adenoma/carcinoma M 1/100 1100 2100
‘ F 0/100 0/100 | 4/100
Mammary glénd: adendma/carcihoma M 1100 2100 : 0/100
: F £0/100 79/100" . 81/100°
Thyroeid: adenoma/carcinoma M 4/100 5/100 17100
' F 0/100 - 4/100 11/1007
Testis: Leydig cell fumours M 0/100 '3/100 8/100°
Total number of tumour bearing rats M 84100 70/100 87/100
: : F 97/100 28/100 94/100
a Exposed to 1,3-BD for 2 years ‘
b Numbers of rats examined were 100/group/sex

Statistically significant P < 0.05

7.252 Inhalation Exposure of Mice

Two long-ferm inhalation exposure studies of 1,3-BD in B6C3F; mice have been
performed. '

In the first study (NTP I} groups of 50 male and female B6C3F, mice were
exposed to 625 or 1,250 ppm 1,3-BD for 6 h/day, 5 days/week for 61 weeks.
The study was designed to last 103 weeks but was terminated after 60 to 61
weeks because of the high incidence of lethal neoplasia in the exposed
animals (male survivors: 49/50 controls, 11/50 low-dose, 7/50 high-dose; female
survivors: 46/50 controls, 14/50 low-dose, 30/50 high dose).
Haemangiosarcomas originating in the heart with metastasis to various organs
were found in males and females. Other types of neoplasms for which the
incidences were increased in animals of each sex were malignant lymphoma
(T-cell lymphomay), alveclar bronchiolar adenoma or carcinoma of the lung, and
papiliomas or carcinomas of the forestomach. Tumours that occurred with
statistically significant increased incidence in females only (not dose related)
included hepatocellular adenoma or carcinoma, acinar-cell carcinoma of the
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mammary gland and granulosa-cell tumours of the ovary (Table XX). Malignant
lymphomas were considered the major cause of early deaths. The high
incidence of haemangiosarcoma of the heart was a particularly unusual finding
since these endothelial cell neoplasms are uncommon in BECS3F, mice, These
normally occur at a very low spontaneous rate and are rarely induced in long-
term studies. The results of this study demonstrate that 1,3-BD under the
treatment conditions of this assay is a potent multiple organ carcinogen in the
B6C3F, mouse (NTP, 1984; Huff et al, 1985; Melnick et af, 1890a,b),

TABLE XX

Incidence of Primary Tumours in BEC3F, Mice®
(adapted from Melnick and Huff, 1992a)

Tissue and tumour Sex 'Exposure concentration {ppm)
|o 625 1,250
T-cell lymphoma M 0/50 23/50° 29/50
F 1/50 10/49" 10/49°
Heart: haemangiosarcoma M 0/50 16/49" 7/49
F 0/50 11/48" 18/49"
Lung: alveclar bronchiolar neoplasm M 2/50 14/49" 15/49"
F 3/49 12/48" 23/49"
Forestomach: squamous cell neoplasm | M 0/49 7/40°7 1/44
F 0/49 5742 10/49"
Mammary gland: acinar cell neoplasm = | F 0/50 2/49 6749
Ovary: granulosa cell necplasm F 0/49 6/45" 12/48"
Liver: hepatocellular neoplasm M 8/50 6/49 2/49
F 0/50 2/47 5/49"

*

Exposed to 1,3-BD for 60-61 weeks
Statistically significant P < 0.05

In the second study (NTP Il) lower dose levels were selected for testing to
better characterise exposure response relationships. Groups of 70-90 male
and female B6C3F, mice were exposed to 0, 6.25, 20, 62.5, 200, 625 ppm of
1,3-BD 6 h/d, 5 d/wk up to 2 years. Additional studies in which exposure was
stopped after a limited period were also included. These studies are referred
to as "stop studies”. In the groups of mice exposed to 1,3-BD for 2 years
survival was significantly reduced at 20 ppm and higher (terminal male
survivors: 35/70 controls, 39/70 at 6.25 ppm, 24/70 at 20 ppm, 22/70 at 62.5
ppm, 3/70 at 200 ppm, 0/90 at 625 ppm; female survivors: 37/70 controls,
33/70 at 6.25 ppm, 24/70 at 20 ppm, 11/70 at 62.5 ppm, 0/70 at 200 ppm, 0/90
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at 625 ppm). The percentége of animals bearing malignant tumours increased
from about 35% in the controls to nearly 90% in the 625 ppm exposure groups.

“T-cell lymphomas were the major cause of death for males and females

exposed to 625 ppm. In female mice, incidences of lung neoplasms were

- significantly increased in all exposure groups, including malignant and benign
tumours considered separately. Thus even at 6.25 ppm 1,3-BD was

carcinogenic in mice (Table XXI). The impact of early occurring lethal thymic
lymphomas on the expression of the later developing haemangiosarcoma is

jilustrated by the figures on haemangiosarcomas of the heart in male mice

exposed to 200 and 625 ppm. When comparing tumour rates this should be
accounted for by adjusting tumour incidences for early mortality. Statistical
analyses of adjusted incidences showed that there was no exposure level at.
which a carcinogenic response was not induced in the female mouse (Tabie
XX1) (Melnick et al, 1990a,b; Melnick and Huff, 1992a).
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TABLE XXI -

Incidence of Primary Tumours in BEC3F,_Mice exposed to 1,3-BD for 2 Years
(adapted from Melnick and Huff, 1992a)

Tissue and tumour Sex | Exposure concentration (ppm)
0 6.25 20 62.5 200 625

T-cell lymphoma M 2/70 1/70 2/70 4170 2/70 62/90"

F 2/70 4/70 6/70 8/70 11/707 36/90°
Heart: M 0/70 ofro | /70 5/70" 20/70" | 790
haemangiosarcoma | F 0/70 0/70 of70 1/70 20/70° 26/90°
Lung: alveolar- M 22/70 23/70 20/70 33/70° 42/70" 12/00°
bronchiclar F 4/70 15/70" 19/70° 27/70" 32/70" 25/90"
neoplasm :
Forestomach: M 1170 0/70 1/70 5/70 12/70" 13/90"
squamous cell F 2/70 2/70 3/70 4/70 7/70 28/90"
neoplasm
Liver: hepatocellular | M 31/70 27/70 35/75 32/70 40/70" 12/80
neoplasms F- 17/70 20/70 23/70 24/70" 20/70° 3/90
Harderian gland: M 6/70 770 | 11/70 24/70° | s3/70" | 700"
neoplasm F 9/70 10/70 | 7/70 16/70° 22/70° 7/90"
Mammary gland: F 0/70 2/70 2/70 6/70° 13/70° 13/90"
adenocarcinoma _ :
Ovary: granulosa F 1470 0/70 0/70 9/70" 11/70°7 6/90
cell necplasm

*  Increased compared with controls (0 ppm), P < 0.05, after adjustment for intercurrent
mortality. Methods used for analysis of tumour incidences: life-time table tests, logic regression
analysis, Fisher-exact analysis and Cochran-Armitage trend test.

7.2.5.3 Stop-Exposure Studieé

In the stop-exposure studies, groups of 50 male mice were exposed to one of
the following regimens: 200 ppm for 40 weeks (Group A); 625 ppm for 13
weeks (Group B); 312 ppm for 52 weeks (Group C); 625 ppm for 26 weeks
(Group D). After exposure was terminated animals were placed in control
chambers for the remainder of the 104 week study. The total exposure to
1,3-BD was approximately equivalent for Groups A and B at 8,000 ppm/wk and
approximately 16,000 ppm/wk for Groups C and D. Survival was markedly
reduced in all treated groups due to the development of compound related
- malignant tumours. The tumour pattern in the stop-exposure studies was
similar to that in the chronic exposure studies (Table XXIl). Lymphocytic
lymphoma, haemangiosarcoma of the heart, tumours of the lung and
forestomach and Harderian gland were increased even after a 13 week
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exposure to 625 ppm of 13-BD. A comparison of the incidences of
lymphocytic lymphoma at similar total exposures indicates that exposure 1o a
higher concentration for a short time results in a higher incidence of
malignancies. This is evident by comparing the incidence of thymic lymphoma '
adjusted for early death: Group A, 19%:; Group B, 47%; Group C, 15%; Group
D, 84%. Obviously the concentration of 1,3-BD at concentrations of 200 ppm
and above is a greater contributing factor to thymic lymphoma incidence than
exposure duration.

TABLE XXl

Incidence of Primary Tumours in the Stop-exposure Groups of Male B6C3F, Mice®
- (adapted from Melnick and Huff, 1992a) ' '

Tissue and tumour Exposure concentration (ppm) and duration
| A B c D
0 200 625 312 625
control 40 wk 13 wk 52 wk 26 wk
T-call lymphoma 2/70 6/50 | 17/50" ajs0 | 30/50°
(4%) {19%) (47%) {15%) {84%)
Heart: haemangiosarcoma 0/70 15/50 7/50° 33/50 18/50°
{0%) (47%) {31%) (879%) (76%)
Lung: alveolar bronchiclar 22/70 35/50" 27/50 32/50" 18/50°
neoplastn (46%) {(88%) (87%) (88%) (89%)
Forestomach: sgquamous cell 1/70 6/50° 8/50 13/50" 11/50"
neoplasm (29%) {20%) (33%) (52%) (63%)
Harderian gland: adenoma/ 6/70 27/50" 23/50" 28/50" 11/50°
adenccarcinoma (13%) {72%) (82%) {86%) {70%)
a Percentages adjusted for intercurrent mortality
* Statisticaly significant P < 0.05 !

7.25.4 Metabolic Aspects of Carcinogenicity

Three different spoxides are formed by metabolic conversion of 1,3-BD. These
epoxides can form DNA adducts and crosslinks which may be converted to
genetic lesions. Theoretically, these lesions may be involved in the early
stages of carcinogenicity induced by 1,3-BD. Attention had been focused
mainly on the primary metabolite formed, EB (section 7.1.3.2). The difference
in increased body burden of EB of mice compared to rats at low exposure
concentrations appears to be intherange of 210 5 (Bond et al, 1986). Thisis
supported by data on exhalation and blood concentration of this epoxide, as
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well as by results of PB-PK modelling and other extrapolations of in vitro data
to the in vivo situation (Johanson and Filser, 1992). Only a part of the large
difference in carcinogenic potency of 1,3-BD between rats and mice can be
explained by the observed difference in the EB body burden. Hencs, it
appears likely that the body burden of other epoxides is more important.
Csanady et af (1992) estimated that the body burden of both epoxides (EB and
DEB) in mice was 12.4 fold higher that in rats. In addition, the formation of the
diepoxide (DEB) and its subsequent reaction with DNA may help to explain the
species difference (DNA-crosslinks in mice, but not rats; higher formation rates
in mouse microsomes than in rat microsomes).

In summary, the available data on the toxicokinetics of 1,3-BD point to
metabolic differences as a cause of the observed species differences in
carcinogenic susceptibility, but do not establish a firm link between the

- formation of a specific metabolite (or the resulting body burden) and 1,3-BD-
induced carcinogenesis. Nevertheless, the formation of EB is a prerequisite for
the formation of the other 2 epoxides. This renders the determination of the
target dose for EB superior to the use of external exposure concentration for
establishing the "biologically effective dose".

7.255 Summary and Evaluation

The carcinogenic effects of 1,3-BD were studied in Sprague-Dawley rats and
B6C3F, mice. As in other toxicological studies with 1 ,3-BD, the greater
susceptibility of mice compared with rats was also observed here. 1,3-BD is
a potent carcinogen in mice, with tumours found in the lungs of females at 6.25
ppm, thelowest concentration tested. At higher concentrations 1,3-BD induced
tumours at multiple sites in both sexes of the mouse, Dose-related increases
in neoplasms included T-cell lymphoma, hepatocellular neoplasms, squamous
cell neoplasms, Harderian gland neoplasms and cardiac haemangiosarcoma,
which is a very rare neoplasm in mice. In contrast, the effect of 1,3-BD in rats
Is less pronounced, where statistically significant increases in tumour
incidences were observed at 1 ,000 and 8,000 ppm. However, at 1000 ppm,
the only statistically significant increase was in mammary gland tumours, of
which the majority was benign. When considered separately, there was neither
a significant increase in benign nor in malignant tumours. Such a separation
appears to be justified, since historical data show a high incidence of benign
mammary tumours in the Sprague-Dawley rat (Léser, 1983). The tumour
pattern (endocrine and sex-hormone sensitive organs) in both sexes of the rat
suggests a hormone-related mechanism is involved. Finally, the stop-exposure
studies indicate that in the mouse the concentration of 1,3-BD has a greater
impact on tumour incidence than the exposure duration.
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The Role of the MulV Retrovirus in 1,3-BD-induced L eukemogenesis

irons et al (1987b) found that chronic exposure to 1,3-BD (1,250 ppm, 6 h/d,
5 djwk for 3 to 21 weeks) markedly increased the quantity of the ecotropic
(capable of infecting mouse cells) MulLV retrovirus recoverable from the bone
marrow, thymus and spleen of the BEC3F, mouse. Expression of other
endogenous retroviruses was not enhanced. Age-matched controls not
exposed to 1,3-BD either yielded no ecotropic virus or very small numbers of
virus-producing cells.

Irons et al (1989) subsequently conducted a comparative study in the B6C3F,
hybrid mouse and the NIH-Swiss mouse. The latter strain only rarely expresses -

- any type of endogenous retrovirus (Chattapadhyay, 1980; Jenkins etal, 1982).

7.2.7

B6C3F, mice and NiH-Swiss mice were chronically exposed to 1,3-BD (1,250
ppm, 6 h/d, 5 d/wk for 1 year). The incidence of thymic lymphomas in the
B6C3F, mouse was 57% at the end of one year. These lymphomas were all
of T-cell origin and exhibited elevated expression of the endogenous ecotropic
retrovirus (eMulLV). Leukemogenesis was preceded by anaemia, bone marrow
cytogenetic abnormalities and an increase in the amount of eMuLV recoverable
from the bone marrow, thymus and spleen. In contrast, NIH-Swiss mice
similarly exposed to 1,250 ppm 1,3-BD resulted in a 14% incidence of thymic
lymphoma, with no increase in eMulLV. However, the same haematologic and
cytogenetic abnormalities observed with the B6C3F, mouse also occurred with
the NIH-Swiss mouse indicating that it is the eMulLV background that influences
the susceptibility to 1,3-BD induced leukemogenesis in the mouse.

The above comparative data also indicate that the presence of the ecotropic
retrovirus is not an absolute requirement for thymic lymphoma development
following 1,3-BD exposure, since some increased incidence of thymic
lymphoma was also observed in the NIH-Swiss mouse. However, the retrovirus
could well account for the marked difference in the thymic lymphoma incidence
between these strains and possibly between species. In addition, the bone

‘marrow damage also appears to be a prerequisite for the enhanced murine

leukaemia.,

Reproductive Toxicity

A number of toxicological investigations, mainly conducted over the last 10
years, provide information about the potential of 1,3-BD to interfere with male
and female fertility and/or with normal embryonic or foetal development
(teratogenicity).
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Fertility

Rats (12/sex/group), guinea pigs (6/sex/group), and rabbits (2/sex/group) were
exposed to 0, 600, 2,300 or 6,700 ppm 1,3-BD for up to 8 months. Itis unclear
from the information provided when mating occurred; male and female rats,
guinea pigs and rabbits may have been continuously cohabitating throughout
the study. Toxic levels of 1,3-BD were given based on a reduction in body
weight gain of the rats and guinea pigs. The authors reported a slight
decrease in litter frequency in rats, but this response was not dose-dependent
and mean litter size was not affected. The mean rat litter size in exposed
groups was equal to or greater than controls. No reproductive parameters
were affected in guinea pigs or rabbits. These data indicate that long-term,
high level exposure to 1,3-BD did not affect reproductive performance of rats,
rabbits and guinea pigs (Carpenter et al, 194 ). '

Groups of 20 male CD-1 mice were exposed to 0, 200, 1,000 or 5,000 ppm for
6 h/d on 5 consecutive days in a dominant lethal study. Following exposure,
the males were mated with unexposed females (2 female mice were mated with
each male mouse per week) for 8 consecutive weeks. The females were killed
12 days after the last day of cohabitation, and the uterine contents examined,
Although the authors reported slight effects (i.e. an increase in the number of
dead implants/total implants, fernale with > 2 dead implants, number of dead
implants/pregnancy) during the first 2 weeks post-exposure, evaluation of the
data showed that these statistically significant observations were neither dose-
dependent nor biologically important. Overall, the number of pregnant females,
number of implantations per litter, number of live foetuses, number of dead
implantations per total implantations, and the number of resorptions were
unaffected by 1,3-BD exposure. From the data in this study, exposure of male
mice to high levels of 1,3-BD have no effect on their ability to mate and
impregnate females, and produce live foetuses (Hackett et a/, 1988a).

Groups of 20 male BBC3F, mice were exposed to 0, 200, 1,000 or 5,000 ppm
1,3-BD for 6 h/d on 5 consecutive days. During the 5th post-exposure week
the mice were killed, examined for gross lesions of the reproductive tract, and
the sperm examined. No gross lesions were detected. The mean percentage
of normal sperm heads per total examined was 98, 98, 97 and 96 for the 0,
200, 1,000 and 5,000 ppm groups, respectively. These values were 99.7, 98.8
and 97.9% of the control group value for the 200, 1,000 and 5,000 ppm group
respectively (Hackett ef al, 1988b). Although the decreases are statistically
significant for the 1,000 and 5,000 ppm groups, these 1 to 2% reductions in
normal sperm heads lack biological significance.

7.2.7.2 Other Effects on Reproductive Organs

Additional information about effects of 1,3-BD on reproductive organs was
found in studies designed for other purposes.
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e, Groups of 110 male and 110 female Sprague-Dawley rats were exposed to 0,
i 1,000 or 8,000 ppm 1,3-BD for 6 h/d, 5 djwk for 2 years. Ovarian atrophy was
fronte A ~ not observed in females exposed to 8,000 ppm 1,3-BD (4.2% incidence vs.
brow o . 4.3%in the controls). Likewise, testicular atrophy was not observed in males
- ' exposed to 8,000 ppm 1,3-BD (19.3% incidence vs. 31% in controls) {Owen, -
- 1981a,b).

Groups of 50 male and 50 female B6C3F, mice were exposed to 0, 625 or
1,250 ppm 1,3-BD for 6 h/d, 5 d/wk for 61 weeks. The study was originally
designed to run for 104 weeks but was terminated after 61 weeks because of -
high mortality. Ovarian atrophy and testicular atrophy were increased in the
mice at both exposure levels (NTP, 1984).

62.5, 200 or 625 ppm 1,3-BD for 6 h/d, 5 d/wk for 104 weeks. QOvarian atrophy
, was noted in female mice at 65 weeks of exposure, and after completion ofthe
- L reproductive life of this species at 6.25 ppm and 20 ppm (65 or more weeks
: ' ' ~ of exposure). Testicular atrophy occurred after 65 weeks in the male mice at
| 0 626 ppm, with reduced testicular weights at 200 and 625 ppm 1,3-BD (Melnick
- and Huff, 1992a). - ‘

P . - . 7.2.7.3 Developmental 'Toxicitv

Three studies were performed in which the developmental to_xiCity of 1,3-BD
was assessed. The results were negative for concentrations at which there was
no maternal toxicity. '

b Female Sprague-Dawley rats were exposed to 0, 200, 1,000 or 8,000 ppm 1,3-
i  BD during gestational days 6 through 15, Maternal body weight gain during
the exposure period was significantly reduced at all exposure concentrations,
| with weight loss for the 8,000 ppm group. The adjusted maternal body weight
‘ gain (maternal body weight minus the weight of the gravid uterus) for the entire

_ gestation period was significantly reduced for the 1,000 and 8,000 ppm groups.
‘ ' Uterine implantation parameters were unaffected. At 8,000 ppm, there was a
J . significant reduction in foetal body weights; increased foetal and/or litter
i incidences in delays of ossification of the ribs (wavy ribs), delays in ossification
'  of the thoracic centra and incomplete ossification of the sternum. There were
[ no teratogenic effects that were statistically significant or outside the historical
: control range for this rat strain. These effects are consistent with growth
| retardation associated with maternal toxicity. The NOEL for maternal toxicity
Co is 200 ppm and the NOEL for developmental effects is 1,000 ppm (Irvine, 1981,
‘ ' 1982). '

_Groups of 24 to 28 pregnant female Sprague-Dawley rats were exposed 10 0,

40, 200 or 1,000 ppm 1,3-BD for 6 h/d on days 6 through 15 of gestation.
Maternal body weight gain was significantly decreased by 1,000 ppm 1,3-BD.

Groups of 50 male and 50 female B6C3F, mice were exposed to O, 6.25, 20, - .
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There were no significant differences between groups in the uterine

~ implantation parameters, foetal body weights, and in the incidences of foetal

malformation and variations. The NOEL for maternal toxicity was 200 ppm and
the NOEL for developmental toxicity was greater than 1,000 ppm (Hackett ef
al, 1987a).

Groups of 18 to 22 pregnant female CD-1 mice were exposed to O, 40, 200 or
1,000 ppm 1,3-BD on days 6 through 15 of gestation. 1,3-BD concentrations
of 200 and 1,000 ppm significantly reduced maternal body weight gains,
reduced foetal and placental weights, and increased the number of
supernumerary ribs. Exposure to 1,000 ppm 1,3-BD also caused retarded
sternal ossification. There were no embryo-foetal deaths or malformations.
The study authors also reported an effect on male foetal body-weight at 40
ppm, but the statistical analysis used to make this conclusion was
inappropriate. The NOEL for both maternal and developmental (foetal) toxicity
is 40 ppm (Hackett et al, 1987b). Thus, the foetal retardation is judged to be
a consequence of maternal toxicity. There was no evidence of any changes
that would be classified as teratogenic. :

7.2.7.4 Summary and Evaluation

7.3

Studies specifically focusing on assessment of fertility did not show adverse
effects in guinea pigs, rabbits and rats at exposure concentrations as high as
6,700 ppm for up to 8 months. In developmental toxicity studies conducted

- with 1,3-BD in rats and mice, no toxicity to the developing foetus was seen at

exposure concentrations below those which caused maternal toxicity. Overall,
these studies show again the unique susceptibiiity of the mouse to 1,3-BD.

In bioassays (NTP 1984: Melnick and Huff, 1992a) structural abnormalities have
been detected in the testes and ovaries of mice exposed to 1,3-BD
concentrations as low as 6.25 ppm. Such effects were not observed in the
bioassay with rats exposed to up to 8,000 ppm (Owen, 1981a,b). The efiscts
in mice are not regarded as of any toxicological significance as they occurred
after the normal reproductive period in the mouse.

Effects on Humans

Data on the human health effects of 1,3-BD are sparse. Most of the information
is derived from studies on workers in synthetic rubber plants, where co-
exposure to other chemicals, notably styrene, a-methyl styrene, toluene and
benzene occurs (llling and Shillaker, 1984). Few of the studies, particularly
those in Bulgaria or the USSR are substantiated by details on the atmospheric
concentration or duration of exposure, and control data are not generally
provided (IARC, 1992),
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Short-term Exposure

1 Inhalation -

Humans exposed for = 6 hto 1,3-BD at'z 2 000 ppm complained of slight
smarting of the eyes and difficulty in focusing; however, no other subjective
symptoms, including narcosis, were seen at concentrations up to 8000 ppm
(Carpenter et al, 1944). '

Checkoway and Williams (1982) reported minimal changes in haematological
indices among eight workers exposed to about 20 ppm 1,3-BD, 14 ppm
styrene and 0.03 ppm benzene, relative to those among 145 workers exposed

to less than 2 ppm 1,3-BD and styrene and less than 0.1 ppm benzene. 1ARC
considered that these changes cannot be interpreted as an effect on the bone
marrow (|ARC, 1992). -

7.3.1.2 Oral

7.3.1

7.3.2

7.3.2

7.3.2

7.3.2

7.3.3

“Ingsstion is highly unlikely. Freeze burns are the probable outcome.

.3 Dermal

Liquid splash'es' will chill the skin and may cause irritation.

Irritation. Sensitisation and Immunotoxicity

A Skin

Dermal contact with liquid 1,3-BD causes cold burns and frostbite.

.2 Eye

Humans exposed to 2,000 ppm 1,3-BD for 7 h and 4,000 ppm 1,3-BD for 6 h
complained of slight smarting of the eyes (Carpenter et al, 1944).

.3 Sensitisation

- No data are available.

Long-term Exposure

Several studies have been reported on the effects of occupational exposure to
1,3-BD, mainly from the USSR and Bulgaria. Few are substantiated by details
on the atmospheric concentration or duration of exposure, and control data are
not generally provided. The effects reported include haematological disorders,
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kidney malfunctions, Ilaryngotracheitis, upper-respiratory-tract irritation,
conjunctivitis, gastritis, various skin disorders and a variety of neurasthenic
symptoms, as well as hypertension and neurological disorders (IARC, 1992).

Epidemioloay

The epidemiological literature on 1,3-BD is dominated by reports of three large
retrospective cohort mortality studies, one of employees in monomer
production (Downs et a/, 1987; Devine, 1990}, and two of employees engaged
in the styrene-1,3-BD rubber industry (SBR) (Meinhardt et al, 1978, 1982;
Matanoski and Schwartz, 1987; Matanoski ef al, 1988, 1990).

None of these studies has shown any excess of mortality from all causes, all
cancers, or any other broad category of disease, such as those of the
cardiovascular or respiratory system.

The first of the studies (Meinhardt et al, 1978) was prompted by concetns
surrounding a cluster of cases of leukaemia. This, in conjunction with the
laboratory finding of leukaemia (T-cell lymphoma, section 7.2.4) in mice
exposed to 1,3-BD, led to a detailed analysis of the incidence of mortality from
haematopoietic and lymphatic cancer (HLC) in the above-mentioned three
cohort studies. No statistically significant excess of cancers other than HLC
has been reported in any of these studies. '

The only other studies that could be considered to have a bearing on the
human carcinogenicity of 1,3-BD are studies of the rubber industry, some of
which report excesses of sub-categories of HLC (Andjelkovic et al, 1976, 1977;
McMichael et af, 1976; Monson and Nakano, 1976; Monson and Fine, 1878).
As none of them mentions exposure to 1,3-BD as a risk factor, they are
unsuitable for risk assessment purposes. '

Epidemiological investigations of 1,3-BD were first instigated by reports of a
cluster of cases of leukaemia at Port Neches, USA. To study the cluster, the
National Institute of Qccupational Safety and Health (NIOSH) mounted a
retrospective cohort mortality study at two SBR facilities {described as A and
B) (Meinhardt et al, 1978, 1982). The cohort comprised white male workers
employed for more than 6 months in plant A between 1943 and 1976, or in
plant B between 1950 and 1976. The Standardised Montality Ratio (SMR,
expressed as the ratio of observed over expected deaths) from all causes of
death at plant A was 80 based on 246 deaths in a cohort of 1,656, and at plant
B it was 66 based on 80 deaths in a cohort of 1,094. The all cancers SMRs
were 78 and 53 respectively. An non-significant excess of cases of HLC was
seen at plant A (9 observed versus 5.79 expected), but there was no such
excess at plant B (2 observed versus 2.55 expected). All the cases at plant A
were concentrated among those workers first employed before 1945, the date
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by which the process had been modified from batch to continuous feed
operation. The authors commented that there was no discernible pattern of
increasing incidence of HLC with increasing duration of exposure. Indeed 2 of
the 5 cases of leukaemia at plant A were diagnosed within 3 years of
~ commencement of employment, as was the case in plant B. Exposure
~ estimates were only available after 1976. These showed that the time weighted
average exposure to 1,3-BD at plant B (mean 13.5 ppm, s.d. 29.9) was about
10 times that at plant A (mean 1.24 ppm, s.d. 1.20). This study has been
updated, but not reported in full (Lemen et al, 1990). The results have not
altered substantially. '

The available exposure data suggest that the incidence of HLC is lower at the
plant with higher exposure levels of 1,3-BD. The cases of HLC at plant A were .
~ all first employed at the plant prior to 1945 when the operating conditions were
markedly different from those at the time the study was conducted. .
_ Considerations of latency and duration of exposure make it improbable that the
‘cases of HLC at plant A were occupationally related (Acquavelia, 1989; Cole

 etal, 1992).

The retrospective cohort mortality study of monomer workers (Downs et al,
© 1987) was based on the production facility that supplied raw material to the
SBR facilities at Port Neches, and indeed some subjects are inciuded in both
cohorts. The study included all men employed for 6 months or more between
1943 and 1979. No exposure data were reported. Instead, qualitative
exposure categories were allocated by consideration of job and duration. The
4 exposure categories were described as 'low’ (not normally exposed to 1,3-
BD), routine (exposed to 1,3-BD on a daily basis), 'non-routine’ (intermittent
exposure to 1,3-BD, with the possibility that peak exposure concentrations may
be higher than among those with routine exposure) or 'unknown’ (because
employee promoted and previous job not known). The overall SMR was 80,
based on 603 deaths in a cohort of 2,586, and that for all cancers was 84. The
SMR for HLC was increased, but not significantly so. Based on 21 deaths, the
SMR for HLC was quoted as either 169 or 138, depending on assumptions
about the ethnic composition of the cohort. The SMR was lower when local
comparison rates were used instead of national ones. A breakdown ofthe HL.C
cancers revealed an excess of lymphosarcoma and reticulosarcoma (8
observed versus 3.4 expected) that was common to all 4 exposure groups, and
a smaller and more erratic excess for leukaemia (7 observed versus 4.5
expected) (Downs et al, 1987). When updated (Divine, 1990), it was reported
that the recalculated lymphosarcoma and reticulosarcoma excess (3 observed
versus 3.9 expected) was most apparent in those first employed prior to 1946
and for short duration, that is, less than 10 years. The leukaemia cases were
mostly employees with 'routine’ exposure for less than 5 years prior to 1946,
while lymphopoietic cancer was not elevated in workers with long-term
exposure.
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The other study in the SBR industry involved employees at 7 facilities in the
USA and 1 in Canada (Matanoski and Schwartz, 1978; Matanoski et a/, 1988,
1990). The dates at which the personnel records were complete varied from
one plant to another. The cohort was, therefore, defined as all men who had”
been employed for at least 1 year between 1943, or whenever the personnel
records were complete, and 1976. In the 1987 report, the all causes SMR was
81, based on 1,995 deaths in a cohort of 13,920. The all cancers SMR was 84,
and the HLC SMR was 85, based on 40 deaths. There were no significant
findings for the cohort as a whole but there were results, described as
suggestive, for sub-groups of employees, particularly circulatory disease in
black employees. The cohort was redefined for the 1990 report after
reassessment of the dates when the records could be considered complete,
and to facilitate follow-up at the Canadian plant. The principal results were
unchanged. The all causes SMR was 81, based on 2,441 deaths in a cohort
numbering 12,110, the ail cancers SMR was 85, and the HLC SMR was 97
based on 55 deaths. To investigate these 55 cases of HLC in more detail, the
employees were divided into 4 occupational groups (Production, Utilities,
Maintenance, and Other), and HLC was sub-divided into several narrower
categories of disease. Increased mortality was reported for leukasmia in black
production employees (3 observed versus 0.5 expected), but not in white
production employees (4 observed versus 4.8 expected), and a category of
tumours described as 'other lymphatic’ was in excess in all groups. This study
does not demonstrate any significant excess of cancer for the cohort as a
whole. From the limited information provided on exposure, the results of the
sub-cohort analyses do not show any pattern that can be related to exposure.

This cohort was further investigated in a nested case-control study (Santos-
Burgoa, 1988; Santos-Burgoa ef al, 1992). No dose data in the form of
industrial hygiene monitoring were reported. Instead, all jobs, for all time
periods, were assessed by 5 experts, and allocated scores for exposure to 1,3-
BD, and to styrene, on a scale from 0 to 10. Analyses were then based on
divisions of cases and controls into categories such as exposed and non-
exposed, or semi-quantitative estimates based on the 0-10 scale, such as
cumulative logarithmic exposure score.. For each of the 59 cases of HLGC
available for study, up to 4 controls were selected, matched on plant, age,
years of hire, duration of employment and survival until the death of the case;
193 controls were selected from those who met all these matching criteria.
Numerous analyses were performed for various subsets of clinical diagnosis
within HLC, and for various estimates of exposure. Multivariate analyses were
also performed to enable the effect of 1,3-BD to be estimated after correction
for styrene exposure and other confounding factors. The significant findings
are largely concentrated on the diagnostic group 'all leukaemia’, for which
relative risks in the range 7-10 are reported for exposure to 1,3-BD versus no
exposure, and for 'high’ exposure versus ’low’ exposure. These relative risks
are independent of styrene exposure, for which no elevated risk for leukaemia
was found. In contrast, the diagnostic group ‘other lymphatic’ cancer is
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associated with styrene exposure and other factors beside 1,3-BD exposure.
The interpretation of this nested case-control study is, however, not obvious
(Acquavella, 1989). The leukaemia findings (Odds Ratic = 9.4, exposure
prevalence 60%) conflict markedly with the resuits of the base cohort study,
which found no leukasmia excess {Observed/Expected = 22/22.9) (Cole et a/,
1992). This apparent discrepancy may be due to bias in the selection of
controls or exposure scores, or a low incidence of leukaemia in the control
population (Ott, 1990). The refative risk for leukemia in the case-control study
has been shown to depend upon the way in which exposure is dichotomised
or sub-divided into groups (Cole et &/, 1992). Indeed, some subdivisions show
a relative risk of less then 1 for the higher exposed group. To resolve this

~ _discrepancy an updated cohort study is under way (Acquavella, 1992, section

9).

" 7.4.1 Summa'rv and Evaluation

None of these studies has shown any excess of mortality from all causes, all
cancers, or any other broad category of disease. In addition, these three

cohort studies do not provide an aggregation of data on which a risk
" assessment can be calculated by a meta-analysis. Overall, they do not show
* evidence of a raised risk for all causes, all cancers or for the a priori hypothesis

of HLC (Cole et al, 1992). In total they show 36 cases of leukaemia versus 34
‘cases expected, and 54 cases of HLC other than leukaemia versus 50 cases
expected. Such excesses as are reported for the studies are for either sub-
classifications of diagnosis, sub-groups of employees, or both. These
excesses are seen by some to present a coherent picture (Melnick and Huff, -
1992b), but equally they could conceivably be nothing more than the
predictable outcome of multiple analyses. '

Some authors recognised a qualitative association between 1,3-BD exposure
and HLC (Matanoski et a/, 1990; Landrigan, 1990), while others see no casual
relationship (Acquavella, 1989, 1992; Cole et al, 1992). Regardless, these
studies are inappropriate for quantitative risk assessment because of the
absence of exposure data for the individual workers in the cohorts. This may
be quantitatively resolved by the ongoing updated cohort study in which 1,3-
BD exposure estimates will be reassessed and analysed (Acquavella, 1992).
In the meantime, it is r'_easonable to assume that the exposure levels for the
workers investigated in the cohort studies must have been higher than levels
reported in the 1980's (section 5.1) due to less advanced control technologies
(Mullins, 1990).
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GROUPS AT EXTRA RISK

There is no convincing evidence that any particular group is at extra risk.

One of the epidemiological studies has indicated a raised risk for
arteriosclerotic heart disease in all black workers and for the leukaemia in black
production workers exposed to 1,3-BD (Matanoski et al, 1990). These
excesses could be explained to some extent by the assumption that live
workers of unknown race were white, whereas the race of all dead workers was
known. Otherwise the significance of this observation would be easier to

assess if there was knowledge of associated polymorphisms related to the

toxicokinetics of 1,3-BD.
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GAPS IN KNOWLEDGE AND ONGOING RESEARCH

It is evident from the previous discussion in chapter 7 that 1,3-BD induces
different responses across the spectrum of species tested. 1,3-BD produces
a potent carcinogenic response in the mouse at multiple sites (Melnick and
Huff, 1992a), while in the rat, a weak response occurs at 1,3-BD concentrations

" nearly three orders of magnitude higher than in the mouse (Owen et al, 1987).

in humans, the response is at present equivocal. Genotoxicity data parallels
this species-dependent finding. Clear cytogenetic changes occur in the mouse
(Tice et al, 1987); these are borderline in the hamster (Exxon, 1990}, but absent
in the rat (Arce, 1990) and primate (Sun et al, 1989a).

Such quantitative differences in response compromise any direct extrapolation
between species. Existing disposition and metabolism data in the mouse
(Kreiling et al, 1986, Bond et al, 1986), rat (Kreiling et al, 1986; Bond et al,

" 1986; Bolt et al, 1984) and primate (Dahl et al, 1991) indicate that these

9.1

8.2

" quantitative differences are at least in part due to the differences in activation
 and deactivation of two mutagenic metabolites of 1,3-BD; 1 ,3-BD monoxide and

[ ——

veb.

A number of research projects detailed below have been initiated to provide
explanations for the species differences. New data arising from these projects
expected during 1992-94 will reduce the uncertainty factors used for the

extrapolation to humans and improve upon existing risk assessments.

Toxicokinetics

Comparative in vivo toxicokinetic data in mouse, rat and primate for the
validation of a PB-PK model are being developed by Henderson and co-
workers at the Inhalation Toxicology Research Institute at Lovelace (AZ). This
will extend the original work of this group (Bond et al, 1986, 1988; Dahl et al,
1990, 1991; Sabourin et al, 1992} by including repeated exposures at arange
of 1,3-BD concentrations. In addition, the US Chemical Industry institute of
Toxicology (CIIT) is developing a PB-PK model (Bond et al, 1992; Csanady et
al, 1982b).

Haematopoietic and Bone-Marrow Effects

In view of the increase in lymphoma seen in the mouse (Melnick and Huff,
1992a) and the controversial leukaemia findings in humans (Acquavella, 1989),
studies are under way at the University of Colorado (Irons and coworkers) {o
characterise the metabolism and fate of 1,3-BD metabolites in bone marrow
cells in the mouse and in human marrow and lymph cells. These studies
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should show whether 1,3-BD elicits responses in human bone marrow cells
which are likely to lead to particular types of leukaemia. :

Genotoxicity

Highly specific and sensitive tests are being developed at the University of
North Carolina (Swenberg and coworkers) for measuring the type and amount
of 1,3-BD-DNA interactions in target and non-target tissues in rodents, and to
measure specific mutations using mouse, rat, and human cells in culture.
These studies will test the feasibility of detecting biologically relevant levels of
1,3-BD-DNA adducts and will characterise the DNA sequence changes in the
living animal. The objective of this work is to provide information as to which
metabolite(s) might be the key contributor(s) to DNA damage and to identify
the specific DNA sequence alterations so that critical genes can be followed for
mutations. At present, the causal agent is unknown although the mutagenic
epoxide metabolites are implicated. Quantification of DNA adducts in target

- tissues will help to explain quantitative differences in species sensitivity.

This work ties in with ongoing work on biomarker research conducted at the

Chemical Industry institute of Toxicology as well as a study of the method

development of biomonitoring of human exposure to styrene and 1,3-BD
(Sorsa, 1992) which forms part of EC-STEP program.

Epidemiology

The mortality of over 17,000 workers employed in the synthetic rubber industry
or in a 1,3-BD monomer producing facility has been examined in three large
retrospective cohort studies (Meinhardt et al, 1982; Matanoski ef a/, 1990;
Divine, 1980). Detailed analyses within individual cohorts and among
employment subgroups indicate some discrepant findings (Ott, 1990). The
interpretation of a case-control study nested within the largest of these cohort
studies remains a controversial issue (Cole et al, 1992), but in any case the
exposure information was categorised in such a way that a risk assessment is
not possible. '

An update of the largest of the cohorts (SBR workers) is currently under way
(HSRP/University of Alabama, 1991) to monitor trends in lymphopoietic cancer
rates and to detect if any elevated rates are seen for any of the long latency
cancers. The cohort study update is exposure based and will assess
exposures to 1,3-BD for all individuals in the cohort, and assess the magnitude
of the possibly confounding exposures of styrene and benzene (Acquavella,
1992). The update will also include a careful categorisation of all HLC cases
into distinct etiologic entities so that excesses of vague diagnostic groups, such
as lymphopoietic cancer, are clarified (Acquavella, 1990). The study period is
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1942-1991 involving a study population of more than 20,000 workers; process
analysis, job analysis, and exposure estimation will be included. These have
been weak or deficient aspects of the previous epidemiological studies. By
1994, the resulting data of the observed disease incidence associated with a
particular exposure interval, together with the available toxicokinetic and

~ genotoxic mechanistic work, should better define the human cancer risk from

1,3-BD exposure.

Summary

" There is considerable research being carried out at major centres in Europe

and the US to investigate the basis for the species difference in species
susceptibility to the carcinogenic effects of 1,3-BD, which is the major endpoint
of concern.  This should provide a better understanding of mechanisms and

" species differences. It is anticipated that by 1994-1995 there will be a better
- scientific basis for setting an Indicative Limit Value for 1,3-BD.



10.

- 71 -
REVIEW OF EXISTING CANCER RISK ASSESSMENTS

Numerous risk assessments have been carried out for 1 ,3-BD. Two of these
were prepared by the US Environmental Protection Agency (EPA, 1985a,b) in
anticipation of the exposure limits proposed by the US Occupational Safety and
Health Administration (OSHA, 1990). Other risk assessments prepared
pursuant to the proposed OSHA limit were performed by ICF/Clement (1986)
under contract to OSHA itself, and by Environ (1986) under contract to the US
Chemical Manufacturing Association. The US National Institute of Occupational
Safety and Health (NIOSH) recently submitted two risk assessments, the first
was performed by Hattis and Wasson (1987) at the Center for Technology,
Policy and Industrial Development at the Massachusetts Institute of Technology

- and the second by Dankovic et a/ (1991) from NIOSH. An alternative to the

Dankovic et af risk assessment has been presented by Shell Oil (1990). Finally
the Dutch Expert Committee for Occupational Standards (DECOS) submitted
a document setting a health-based recommended occupational exposure limit
based on a risk assessment. All of these risk assessments are based on the
animal bioassay data (rat study: Owen et al, 1987; mouse studies: NTP, 1984
[NTP 1] and Melnick et al, 1990a,b; Melnick and Huff, 1992a [NTP H]) for
quantifying carcinogenic risk. Some of these risk assessments have been
reviewed by Grossman and Martonik (1990) and by OSHA (1990).

'EPA’s Office of Toxic Substances (OTS) based their risk assessment on the

mouse data (NTP [}, using a quantal multi-stage model (EPA, 1985a). Because
of the early termination of this experiment OTS adjusted the dose by the factor:
(study duration/iifetime)®. OTS assumed absorption of 1,3-BD to be 100%.
Models were fitted for both total haemangiosarcoma and all tumours. A two-
stage model was used because the study included two exposure groups.
However, OTS stated that the second stage coefficient was negligible,
effectively yielding a one-stage model at low exposure concentrations.
Estimates for additional risk at an occupational exposure of 100 ppm varied
from 3,298 to 8,843 in 10,000 exposed workers.

The EPA Carcinogen Assessment Group (CAG) used both the rat and mouse
bioassay for the quantitative risk assessment. CAG applied the quantal multi-
stage model (EPA, 1985b). They considered the mouse study (NTP I} to be the
primary data set, and noted several deficiencies of the rat study at that time.
The dose was expressed as mg/kg absorbed (regardiess of dose a 54%
absorption was assumed) per day based on a preliminary report by Lovelace
Inhalation Toxicology Research Institute (Bond et al, 1986). A two-stage
quantal mode! was used for the mouse data. This model was found not to fit
the female rat data. Therefore, the high dose group data were dropped and
a one-stage model equivalent to the one hit mode! was used for the female rat
data, CAG adjusted the risk estimate (rather than the dose as OTS did) from
the mouse study by the factor: (study duration/lifetime)® to compensate for the
less than lifetime length of exposure. CAG made the assumption that a human ]
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‘exposed to any given concentration experiences the same lifetime risk as does

the mouse, which implies that a unit dose risk estimate for mice can be applied

directly to humans. Risk estimates (assuming an occupational exposure of 100

.ppm) derived from rat data were 208 in 10,000 and 4,595 in 10,000, depending .

on the model used for calculating these risks. " The high risk estimate was
obtained using the one hit modei and the lower estimate was extracted from
a multi-stage model. Based on the pooled male and female mouse tumour

data an additional risk estimate of 7,930 in 10,000 was calculated for a lifetime -
~ 8 hour daily exposure of 100 ppm.

The ICF/Clement risk assessment (iCF/Clemént, 1986), carried out under
contract to OSHA, was similar to the CAG risk assessment. ‘The mouse

" bioassay (NTP 1) was used for fitting the model and it was presumed that

absorption in humans varied with dose at the same rate it varied with dose in
mice, which means that the percentage absorption was assumed to increase -

as the concentration decreased (Bond et al, 1986). The quantal multi-stage

model was applied to the pooled male mouse and pooled female mouse
tumour data (papillomas of the forestomach were excluded), and the high dose
group was dropped for the male mice, resulting effectively in a one-hit model.
By fitting the multi-stage model to the individual tumour sites, ICF noted that
dose response parameter estimates can be derived for tumour types not
associated with possible immune suppression or viral activation mechanisms.
ICF adjusted the final risk estimate for less than lifetime exposure exactly as
CAG. It was also assumed by ICF that lifetime human risk associated with
exposure was equal to the mouse risk at the same concentration. Based on
the male mouse bioassay, the ICF maximum likelihood estimate of the lifstime
excess risk associated with occupational exposure to 1 ppm 1,3-8BD, for 8
h/day, 240 days a year for 47 of 74 years is 245 per 1,000. The corresponding
risk estimate based on the female mice is 76 per 1,000. At 100 ppm, the risk
estimate is 10,000 in 10,000 based on the male and female mouse data
(ICF/Clement, 1986). '

The Environ risk assessment (Environ, 1986), performed under contract to the
US Chemical Manufacturers Association, focused primarity on the rat bioassay.
Environ used the CAG approach of absorbed dose, expressing dose as mg/kg.
The quantal multi-stage, Weibull and Mantel-Bryan models were used to fit the
pooled rat tumour incidence data and the Hartley-Sielkin time to tumour model
were fitted to the male mouse data. Female mouse data were excluded

because the data on the absorbed dose in mice were based exclusively on
males and also because male mouse data yielded a higher risk. Unlike CAG
and ICF, Environ calculated a unit risk estimate on the basis of (mg/kgbw X
day) and ventilation rate, and assumed that human risk was similar to the
animal risk. This assumption has the effect of lowering the estimated human
risk compared to those (CAG, ICF) assuming equivalency on a ppm basis. The
Environ risk estimate from the male mouse bioassay resulted in a lifstime
excess risk of 4.65 per 1,000 following occupational exposure 10 1 ppm 1,3-BD.
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Risk estimates derived from the rat data are up to 45-fold lower than the:
- Mouse-based estimates. At 100 ppm, the risk estimate based on the male
mouse data is 3,730 in 10,000; based on the male rat data it is between 154
and 558 in 10,000: based on female rat data, the additional risk is between 560
and 730 in 10,000.

Haitis and Wasson (1987) carried out a risk assessment under cooperative
agreement with NIOSH. A PB-PK model was created to predict the amount of
1,3-BD metabolised as a result of eXposure to various airborne concentrations.
However, no tissue-specific estimates were made, and the model did not
attempt to estimate 1,3-BD mono-epoxide or di-epoxide concentrations,
Unfortunately, some of the key data for the construction of a PB-PK model were
not available. Therefore, the authors were forced to estimate parameters like
biood:air and tissue:blood partition coefficients, No experiments were carried
out to validate the model. The Haitis and Wasson risk estimates are several
fold tower than the CAG risk estimate.

The risk assessment of Dankovic et af (NIOSH) is based on the second NTP
bioassay in mice (NTP Il). The data used are preliminary since the pathologic -
evaluations had not been completed. This study includes exposures at a
concentration of 6.25 ppm. Dankovic et al used data provided in the published
report and received additional information on the time of death and tumour
status of each individual mouse (which were used for model fitting). The metric
- dose used for model fitting was the external exposure concentration. 1,3-BD
metabolism appears to be linear up to 200 ppm and somewhat sublinear as
the external concentration was raised to 625 ppm (Laib et af, 1988). In
addition, tumour formation at 625 ppm was strictly non-linear, quantal tumour
responses dropping as the exposure was raised from 200 ppm to 625 ppm.
In contrast, lymphocytic lymphoma increased disproportionately, especially in
male mice (Melnick et af, 1990a,b). These data suggest that many of the non-
linear metabolism and non-linear tumour responses could be avoided by
dropping the 625 ppm dose group from the analysis. Models were fitted both
with and without data from the 625 ppm dose group, but the models without
the 625 ppm group were considered to represent a better estimate of the low
dose tumour response. The tumour onset models evaluated were the one-
stage, two-stage and three-stage Weibull time-to-tumour models. Preference
was given to the following: (i) the model having the least number of stages,
unless the model with a larger number of stages resulted in a better fit; (i)
models in which lymphomas and haemangiosarcomas were treated as rapidly
fatal and all other tumour types as incidental; (iii) analyses where the.625 ppm
group was dropped. The 1,3-BD doses to which the mice were exposed were
extrapolated to humans by assuming that the equivalent human dose (in mg)
for any given mouse dose of 1,3-BD is larger than the mouse dose by the
factor: (human mass/mouse mass)**, For the purpose of exirapolation, this
means that the mouse dose of 1,3-BD is multiplied by 1.49 to estimate the
human dose. The site yielding the largest extrapolated risks at low exposure
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concentrations, i.e. the most sensitive site, is the female mouse lung. Based
on this site, the projected excess risk for a person occupationally exposed to
2 ppm 1,3-BD, for an entire working lifetime, is estimated to be 597 cases of
cancer per 10,000, or approximately 6 per 100.

" In the risk assessment by Shell Oil (1990), calculations were based on
- unaudited data from the second NTP mouse bioassay (NTP 11, Melnick et al,

1990a,b) and on rat data from the IISRP study (Hazleton, Owen et al, 1987).
In addition, use was made of published and corrected data relating to retention
data in rats and mice (Bond et af, 1986), pharmacokinetic behaviour of 1,3-BD
in mice, rats and monkeys (Dahl et af, 1991) and relative enzyme activity across
species. Both quantal and time-to-tumour models were applied in this analysis.
The risk estimates based on pooled malignant tumours in the NTP 1l study .
using 1,3-BD retained as the dose measure and the Weibull multi-stage time-to-
tumour model is 2.5 in 10,000 assuming workers are exposed to 2 ppm (250
days a year, 8 hours a day for 45 years out of the assumed 74 year life). Using
the epoxide metabolite directly in the modeliing resulted in a similar risk of 2
in 10,000. The quantal multi-stage model indicates somewhat higher risks
whether 1 or 2 stages are fitted, with risks ranging from 5 to 10 in 10,000. Risk
estimates based on haemangiosarcoma were much lower because inthe NTP
I study there were no such malignancies at either 6.25 ppm or 20 ppm and
only a single response at 62.5 ppm. This resulted in a risk estimate of less
than 1 in 1,000,000. The highest risk obtained in rats was 8 in 10,000. This
result was found using the female rat tumour data, including mammary fibro-
adenomas and the retained 1,3-BD as the dose measure. Using the epoxide
metabolite as the measure of biologically effective dose yielded risk estimates
less than 3 in 100,000. Overall, this analysis predicted an occupational risk of
below 1in 1,000, maybe lower than 1 in 1,000,000, following exposure to 1,3-
BD at 2 ppm for 45 years. :

The Dutch Expert Committee for Occupational Standards (DECOS) used the
rat study to calculate the risk for exposed workers. The linear non-threshold
model was adopted by this expert group as the basis for risk estimation, using
an extrapolation to low levels of the dose-response relationship. According to
the authors of the report, this approach should be regarded as conservative,
representing an upper limit for risk, i.e. the true risk is not likely to be higher
than the estimate, but could be lower. Species differences were not taken into
account but it was assumed that using the rat tumour data for extrapolation
would probably further lead to an over-estimate of the risk for humans.
Tumours produced with a dose-related increase in rats were pooled, which
resulted in a tumour incidence at the low dose of 21% and at the high dose of
38%. Only the data from the low dose group were used because of the non
linear relationship. Assuming a 40 year, 8 h/day exposure (life expectancy of
75 years) the concentration calculate to give a risk of 2.5 in 10,000 is 21.5
ppm. When arisk of 1in 10,000 is considered, the exposure level is 0.5 ppm
(DECOS, 1980). :
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Hallenbeck (1992) compared estimates of environmental and occupational risks
of 1,3-BD using both non-PB-PK and PB-PK models. Data from the NTP |
study were used to calculate the cancer risk factor employing a linear
interpolation method for extrapolation from high to low doses. Hallenbeck’s
non-PB-PK model accounts for exposure concentration, intake rate, time of
exposure, life expectancy, latency and body weight in the estimation of dose.
His PB-PK model accounts for alveolar ventilation, cardiac output, blood flow
in tissues, Vmayx, K, KF, partition coefficients, body weight and tissue volumes.
Assumimg an intake of 10 m® air/day which contains 2 ppm 1,3-BD over a
period of 45 years (250 days/year), the calculated risk using the non-PB-PK
approach was 30 in 1,000 and 20 in 1,000 using the PB-PK-based model.
According to the author, both non-PB-PK and PB-PK models should be
considered with caution until they can be validated by epidemiological studies.

Summary and Evaluation

This overview clearly shows the complex nature of a quantification of risk
associated with 1,3-BD exposure. There is a substantial difference in the risks
predicted by the various models, which is highly dependent on the choice
made with regard to the animal system (mouse or rat), tumour data, definition
of dose (external/internal) and type of mathematical approach (one-hit, multiple-
stage, time-to-tumour). Clearly there are different views on the predictive value
of the various models for human risk assessment and also on the type of data
that should be used in the models. The reasons for this debate include our
lack of understanding of the mechanism of action of 1,3-BD in different species
and continuing scepticism concerning the value of quantitative risk assessment
in predicting human risk. However, metabolism studies (section 7.1.4) support
that the rat is the more appropriate species for human risk assessment. The
risk estimates based on data from the rat oncogenicity study include the
following: CAG: 208/10,000 at 100 ppm, Environ: 154/10,000 at 100 ppm, Sheli
Oit: less than 1/1,000 at 2 ppm, and DECOS: 1/4,000 at 21.5 ppm.

Turnbull et af (1990) examined the conflict between risk predicted from the
animal and epidemiological data. They found that if average human exposure
in the Matanovski study cohort was > 1 ppm, which is likely, the CAG risk
estimates based on either the mouse NTP | study or the rat bicassay over-
predict the observed incidence in humans.
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EXISTING OCCUPATIONAL EXPOSURE LIMITS

The existing national occupational exposure limits for 1,3-BD cover a range of .

time-weighted averages (TWA) between 5 ppm and 100 ppm (Table XXIH).

" The available documentation supporting these limit values (T_ab!e XXH)

indicates that many are based on the finding of muitiple organ cancer in rats
or mice. DECOS in The Netherlands have chosen the less sensitive rat model
as the basis for their exposure limit and concluded that this should net lead to
an underestimation of the risk for humans. Techniques used to extrapolate an
occupational limit value from animal data involved either the use of

| adjustment/safety factors or quantitative risk assessment models.’

Other authorities elected to not base their limit value on animal or human data.
German policy is such that a limit for genotoxic carcinogens should be based

 on technical feasibility (TRK value), since a safe exposure limit cannot be -

identified scientifically. - The US American Conference of Governmental and

" Industrial Hygienists (ACGIH) and the UK Health and Safety Executive (HSE)
" based their limit values, in part, on data which indicate that average workplace

exposures are achievable below 10 ppm.
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TABLE XXl

National Occupational Exposure Limits

Country TWA? STEL | TWA STEL Reference
{mg/m? at 20°C® {(ppm)
EC
Belgium 22 - 10 - ILO, 1991
Denmark 22 - 10 - ILO, 1991
France - - - -
Germany - - £ - DFG, 1984, 1991
Greece - - - - Bayer, 1992
Ireland - - : - -
taly 22 - 10 - ACGIH, 1991
Luxembourg - - - -
Netherlands ' 110 - 50 - DECOS, 1990;
Arbeidsinspectie,
Portugal 22 - 10 - 1991 Bayer, 1992
Spain 22 - - - Bayer, 1992
LK 22 - 10 - HSE, 1991 _
OECD
Austria - - =S - DFG, 1984, 1991
Australia 22 - 10 - ILO, 1991
Canada 22 - 10 - Bayer, 1092
Finland 73 - 50 - ILO, 1081
Japan - - - - Bayer, 1992
Norway® 22 - 1 2 Arbeidstilsynet, 1980
New Zealand 22 - 10 - Bayer, 1992
Sweden 20 40 10 20 AFS, 1990; ILO, 1991
Switzertand 11 - 5 - ILO, 1891
USA - ACGIH 22 - 10 - ACGIH, 1986, 1991
- OSHA 2210 - 1000° - O8HA, 1989
- NIOSH - - - -
Other Countries '
Czechoslovakia 20 40 - - ILO, 1991
Hungary - 10 - - ILO, 1991
Potand 100 - - - ILO, 1991
Singapore 22 - 10 - Bayer, 1992
USSR - 100 - - ILO, 1991

TWA  Time-weighted average concentration (8h-working period)
STEL Short-term exposure limit (15 min, unless specified)

a

b
c

Official values; some countries use different converion factors andf/or other ambient

temperature

Official values; some values apply at 25°C (e.g. USA)

Germany and Austria: TRK values: 15 ppm after polymerisation and
loading, 5 ppm for other applications

No production facility

PEL, permissible exposure limit. ‘OSHA has proposed a reduction to 2 ppm with a STEL of

10 ppm (OSHA, 1990)

Ceiling value (may not be exceeded)

e 9
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SUMMARY EVALUATION AND RECOMMENDATION FOR A SCIENTIFICALLY

BASED OCCUPATIONAL EXPOSURE LIMIT

Substance Identification

- . Common name: - 1,3-butadiens
CAS reQistry Noo 106-99-0
EEC N* _ 601-013-00-X, nota D
- EEC cl'as.siﬁcation: - F+:R13/ Carc; Cat. 2, R45 -
EEC lebeling: R 45-13 |
S: 53-9-16-33
EINECS name: ~ buta-1,3-diene
 EINECSN® 2034508 |
Formula:  CH,
Structure: CH,—CH—CH=—CH,
Molecular mass: _54.09 (Weast et al, 1988)

122 Qccurrence and Use

12.2.1

Chemical and Physical Properties

1,3-Butadiene (1,3-BD) is a colourless, non-corrosive gas (boiling temperature:
-4.4°C) with a mildly aromatic or gascline-like odour (threshold concentration
1.0 to 4.0 mg/m?). 1,3-BD has a high vapour pressure: 2,477 hPa at 20°C. It
is soluble in organic solvents, but only slightly in water. 1,3-BD is a highly
reactive material which can dimerise to 4-vinylcyclohexene. It polymerises
readity, especially in the presence of oxygen. 1,3-BD in air can form acrolein
and explosive peroxides (Amoore and Hautala, 1983; Verschueren, 1983,
Weast ef al, 1988; Sax, 1991).

The technical product is shipped as a liquified' gas under pressure with an
inhibitor to prevent polymerisation and/or peroxide formation, such as aliphatic
mercaptans, o-dihydroxybenzene or p-tert-buty! catechol.
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Conversion factors for 1' 3-BD concentrations in air, calculated at 20°C and
1,013 hP3 are: -

1 mg/m® = 0.445 ppm
1 ppm = 2.249 mg/m®

12.2.2 Occurrence and Use

~ 1,3-BD is not known to oceur as a natural product,

-Industrial emissions arise during (i) production of crude 1,3-BD and petroleum
refining, (if) 1,3-BD monomer production, (i) transfer of 1,3-BD, (iv) production
of 1,8-BD containing polymers, derivatives, rubber and plastic products
manufacturing. . L

1,3-BD has also been identified in automobile exhaust, cigarette smoke,
gasoline formulations and liquified petroleum gas (LPG), and small amounts
are released by the burning of plastics or rubber.

12.2.3 Exposure Levels at the Workplace

The predominant route of occupational exposure to 1,3-BD is by inhalation.

Limited information on the European exposure situation is available (see
below). The Conseil Eurcpéen de [IlIndustrie Chimique (CEFIC), the
international Institute of Synthetic Rubber Producers (IISRP) and the
Association of Plastics Manufacturers .in Europe (APME) have initiated a
collection of European exposure data.

In-depth industrial hygiene surveys were conducted by the US National Institute
of Occupational Safety and Health (NIOSH) at four monomer and five polymer
manufacturing plants. Occupational exposures to 1,3-BD in most process
areas were less than 10 ppm; however, maximum 8-h time-weighted average

~ exposures (8-h TWA) were frequently between 10 and 125 ppm (in one case
as high as 374 ppm) in operations involving decontamination and maintenarice
of process equipment, sampling and analysing of quality control samples, and
loading or unloading tank trucks or rail cars (Fajen et al, 1990).

Based on data used to underpin the German TRK value, personal exposure
levels (8-h TWA) are approximately 5 ppm, with maxima of 30 ppm during the
manufacturing and purification of 1,3-BD in petroleum refineries and éxtraction
facilities (Deutscher AusschuB fiir Gefahrstoffe, n.d.). Data from the USA show
that many job categories have exposures below or around 5 ppm, the great
majority of levels lying below 10 ppm, with the exception of maintenance and
distribution jobs (Heiden Associates, 1987; Krishnan et al, 1987; JACA Corp.,
1987, all as quoted in IARC, 1992). Exposure levels (8-h TWA) associated with



——

80

manufacturing and use of gasoline are generally very low (CONCAWE, 1987
as quoted in 1ARC, 1992).

High exposures (5 to 50 ppm, 8-h TWA, max. 500 ppm) occur during the
connection of pipes for transfer of 1,3-BD in Germany {Deutscher AusschuB far
Gefahrstoffe, n.d.). : '

Workplace 8-h TWA concentrations during the manufacturing of 1,3-BD based
polymers in Germany were between 10 and 20 ppm (mixture of personal and
background measurements}, with a maximum of 50 ppm (Deutscher AusschuBl
fiir Gefahrstoffe, n.d.). Datafrom 5 polymer plants in the USA showed personal

~exposure levels generally below 0.5 ppm, with two exceptions at approximately

5 ppm (Fajen, 1988 as quoted in IARC, 1992). In two other surveys of the -
North American synthetic rubber producers, the majority of exposures was

* below 10 ppm (JACA Corp., 1987 as quoted in IARC, 1992; Tozzi, 1988). The

latter picture is confirmed by data collected ‘during health surveys or
epidemiological studies (Checkoway and Williams, 1982; Meinhardt et al, 1982,

 poth as quoted in IARC, 1992). These exposures should not be regarded as
- representative of conditions in the 1940's (IARC, 1992), when exposures were

higher (Mullins, 1890).

No 1,3-BD could be detected during the manufacturing of tyres from synthstic - L
- rubber (Fajen et al, 1990; Rubber Manufacturer's Association, 1984, both as -

quoted in IARC, 1992). The evaporation of 1,3-BD from other plastic products
should not constitute a significant source for exposure at end-use (JACA Corp.,
1987 as quoted in IARC, 1892).

Exposufe Levels in the Environment

1,3-BD has been detected in urban air in the USA at ppt to ppb levels. 1,3-BD
may also be present in indoor air, e.g. due to cigarette smoking (Lofroth et al,
as quoted in ATSDR, 1991) and in drinking water (Kraybill, 1980 as qucted in
IARC, 1992 and ATSDR, 1991). No residual 1,3-BD could be detected in
foodstuffs packaged in materials made from 1,3-BD (McNeal and Breder, 1987
as quoted in ATSDR, 1991; Startin and Giibert, 1984 as quoted in IARC, 1992
and HSDB, 1992).

The non-occupational daily intake has been calculated to be 2.62 pg/person,
assuming a mean urban air concentration of 0.29 ppb/day (USA data, section
5.3.1) and human air intake of 20 m*/day (ATSDR, 1991).

Measuring Methods

Almost all methods for the sampling of 1,3-BD in air involve the collection of a
large volume of contaminated air and concentration of the volatile components,
including 1,3-BD (e.g.by adsorption onto charcoal and desorption by methylene
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chloride). This solution is then separated, and the compounds identified and
analysed by gas-chromatography (GC) equipped with aflame ionisation device
(FID) or electron capture device (ECD). These methods allow for the detection
of very low concentrations, e.g. in the background workplace or ambient air
{(downto ppt levels) (HSE, 1986, 1989; CONCAWE method [Bianchi and Cook,
1988]; NIOSH method [NIOSH, 1987; Lunsford and Gagnon, 1987 as quoted
in ATSDR, 1991]; Eller, 1978; Locke et al, 1987, both as quoted in IARC, 1992;

- Gentry and Walsh, 1987 as quoted in DECOS, 1990).

For personal monitoring at the workplace, gas detector tubes are used
(Saltzman and Harman, 1989 as quoted in IARC, 1992).

Health Significance

The database on the adverse effects of 1,3-BD is extensive. An obvious feature
of this database is the substantial difference in sensitivity between the mouse
and all other species studied. The toxicokinetic data suggest that this
sensitivity difference is at least in part related to species differences in the
biotransformation of 1,3-BD to reactive metabolites.

The predominant route of occupational exposure is by inhalation. The
metabolic elimination of 1,3-BD is linearly related to the ambient exposure
concentration up to about 1,000 ppm in rats and mice, with mice showing
higher elimination rates. Above 1,000 ppm, metabolic pathways are
approaching saturation in these species (Kreiling et al, 1986, 1987). In
monkeys, the metabolic elimination of 1,3-BD appears to be saturated at about
300 ppm (Sabourin et af, 1992). 1,3-BD is metabolised by cytochrorne P-450
dependent mono-oxygenases to the primary metabolite 1,2-epoxybutene-3
(EB). This intermediate is subjected to further metabolism via 3 pathways, (i)
hydrolysis by epoxide hydrolases to 3-butene-1 ,2-diol, (i) further epoxidation
by mono-oxygenases to 1,2:3,4-diepoxybutane (DEB), and (jii) conjugation to
GSH catalysed by GSH S-transferases (Malvoisin et al, 1979; Malvoisin and
Roberfroid, 1982).  According to the in vitro and in vivo data, the
biotransformation appears to be qualitatively similar across species, including
humans (Kreuzer et al, 1991; Csanady et al, 1992a; Sabourin et al, 1992).
However, owing to observed differences both in the uptake of 1,3-BD and in
the kinetics of the metabolism of 1,3-BD, the steady-state concentrations in
blood and target tissues, and the resulting body burden of 1,3-BD and its
individual metabolites, are quantitatively different across species. For EB, the
body burden in the mouse appears to be up to three-fold higher than for the
rat (Kreiling et a/, 1986, 1987; Bond et al, 1986, Dahl et al, 1991). In vivo data
on primates and in vitro data with human tissue samples suggest that humans
and other primates are closer to the rat than the mouse with regard to the
metabolism and resultant body burden of EB (Sabourin et al, 1992). Even
greater species differences may exist with regard to other reactive epoxides
formed by EB metabolism (Csanady et al, 1992a).
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1,3-BD has a low acute and subchronic toxicity. The target organs in the
mouse are the central nervous system (CNS) and bone marrow, whereas non-
specific effects were reported in the rat. The NOEL is 2,300 ppm in the rat

- (Carpenter et al, 1944) and 625 ppm in the mouse (NTP, 1984).

'1,3-BD itself is not genotoxic. Howevef, certain metabolites have the ability to
interact with DNA directly to form adducts and/or crosslinks which eventually

may result in gene mutations and chromosomal aberrations, The genotoxic -
action of 1,3-BD in various test systems depends on its biotransformation to
reactive metabolites. The efficacy of this biotransformation appears to be quite

- different among species; mice seem to have a greater capability to transform
-~ 1,3-BD than do rats (for key references, see Tables Xl to XVIit).

The carcinogenic effects of 1,3-BD were studied in Sprague-Dawley rats (Owen,
1981a,b; Owen et al, 1987) and in B6C3F, mice (NTP, 1984; Melnick and Huff,
1992a). The species differences between mice and rats were also observed

~in these studies. 1,3-BD is a potent carcinogen in mice, with tumours found

in lungs of females at 6.25 ppm, the lowest concentration tested. At higher.
concentrations, 1,3-BD produced a dose-related incidence of muiltiple types of
tumours in both sexes of the mouse, including T-cell lymphoma,

" haemangiosarcoma, alveolar bronchiolar neoplasm, squamous cell neoplasm,
- hepatocellular neoplasm, and Harderian gland neoplasm. Liver tumours were

only marginally increased in females at 20 ppm and higher and in males at 200
ppm. It is questioned whether this increase in hepatocellular neoplasms is
related to chemical treatment, given the high liver tumour incidence in this
hybrid mouse strain (Maronpot et al, 1987). In contrast, 1,3-BD is less potent
in rats, with a statistically significant increase observed only in the incidence of
mammary gland tumours at 1,000 ppm, the majority of these tumours being
benign. When considered separately, there was neither a significant increase
of benign nor of malignant tumours. Such a separation appears to be justified,
since historical data show a high incidence of benign mammary tumours inthe
Sprague-Dawley rat (Loser, 1983). The tumour pattern in both sexes of therat |
invoived only endocrine and sex-hormone sensitive organs. This suggests the
involvement of a hormone-related mechanism.

Studies specifically designed to assess fertility did not show adverse effects in
guinea pigs, rabbits and rats at exposure concentrations as high as 6,700 ppm
for up to 8 months (Carpenter et al, 1944). Developmental toxicity studies
conducted with 1,3-BD show that there was no toxicity to the developing foetus
at exposure concentrations below those which caused maternal toxicity (irvine,
1981, 1982: Hackett et al, 1987a,b). Overall, these studies show again the
unique susceptibility of the mouse to 1,3-BD and demonstrate the absence of
foetal effects below maternally toxic concentrations.

In bioassays with mice (NTP 1984; Melnick and Huff, 1982a), structural
abnormalities have been detected in the testes and ovaries fol_lowing exposure
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to 1,3-BD concentrations as low as 6.25 ppm. Such effects were not observed
in the bioassay with rats exposed to up to 8000 ppm (Owen, 1981a,b). The
effects in mice are not regarded as toxicologically significant since they
occurred after the normal reproductive period of the mouse,

Several studies demonstrated that an endogenous, ecotropic retrovirus (murine
leukaemia virus, MulV) is involved in the thymic lymphoma development
following 1,3-BD exposure in the B6C3F, mouse (lrons et al, 1 987a,b, 1989).
NIH-Swiss mice do not carry an active retrovirus and are less susceptible to the
induction of thymic lymphomas by 1,3-BD. Inrats, an increase in the incidence
of thymic lymphomas was not observed, again demonstrating species
differences in the susceptibility to adverse effects induced by 1,3-BD. This
murine retrovirus is not known to exist in humans.

Few studies are available to assess the acute effects of 1,3-BD in man. At
concentrations > 2000 ppm for > 6 h 1,3-BD caused slight smarting of the eye
(Carpenter et al, 1944). In workers exposed to a mixture of chemicals,
including 1,3-BD, minimal changes in haematological indices were observed,
but these changes can not be interpreted as an effect of 1,3-BD {Checkoway
and Willlams, 1982). Genotoxic effects were not observed in workers of a 1,3-
BD production facility, with 1,3-BD concentrations below 1 ppm (Sorsa et al,
1991).

With regard to epidemiological studies (Downs et al, 1987; Divine, 1 990;
Meinhardt et al, 1982: Matanoski et al, 1990), some authors recognised a
qualitative association between 1,3-BD exposure and haematopoietic and
lymphatic cancer (HLC) (Matanoski et a/, 1990; Landrigan, 1990; Santos-
Burgoa et al, 1992), while others see no causal relationship (Acquavella, 1989,
1992; Cole et af, 1992). This conflict may be resolved by updating of one
cohort study in which 1,3-BD exposure estimates will be reassessed and
analysed (Acquavella, 1992). In the meantime, the available studies are
inappropriate for quantitative risk assessment, since, in the absence of
measured concentrations, the exposure data were only qualitative,
Nevertheless, it is reasonable to assume that the exposure levels for the
workers investigated in the cohort studies must have been higher than current
levels due to less advanced control technologies (Mullins, 1990).

Numerous quantitative risk assessments with regard to the carcinogenicity of
1,3-BD have been carried out (EPA, 1985a,b; ICF/Clement, 1986; Environ,
1986; Dankovic et al, 1991; Shell Qil, 1990; DECOS, 1990). Depending on the
choice of species, definition of dose, choice of tumour data and the applied
mathematical extrapolation method, a wide range of best estimated lifetime
risks result. The range of risk values determined using the mouse bioassays
are incompatible with findings of the epidemiological studies. Many more
human cancer deaths would be expected in the cohort studies if the mouse
extrapolations gave accurate predictions (Turnbull et al, 1990). Values for the
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extrapolation based on the rat bioassay also show some variation for the best
estimated lifetime risk. Again, the range of values for mouse and rat reflect the
uncertainty of the current risk assessment procedures for 1,3-BD.

15.4 Final Evaluation and Recommendation

12.41 Hazard Identification

1,3-BD induces neoplasms at multiple sites in both sexes of rats and mice.
1,3-BD is not genotoxic itself, but some of its metabolites (epoxides) interact
~with DNA to form adducts and crosslinks which eventually may result in gene
mutations and/or chromosomal damage. In contrast to most other toxicological
end-points, the predominant hypothesis states that no threshold dose can be
defined for genotoxic carcinogens. Consequently, the carcinogenic potential
of 1,3-BD is clearly the dominant concern of health effects related to 1,3-BD
exposure. - Previous evaluations of limit values for 1,3-BD identified
carcinogenicity as the critical health hazard associated with 1,3-BD exposure.

12.4.2 Risk Assessment

~ Despite the current controversy over one epidemiological case-control study,
the epidemiological data generally do not show evidence of an increased risk
for cancer at past exposure levels. These historical levels are generally thought
to be well in excess of the lowest current health-based limit value used in EC
member states (10 ppm). However, the absence of adequate exposure data
for the cohorts involved makes these studies unsuitable for determining an
acceptable exposure level for workers. A major epidemiological study is
currently ongoing, involving more than 20,000 workers exposed in styrene-
butadiene rubber (SBR) plants in North America over the period 1942 to 1991.
It will include retrospective estimates of exposure for a range of job functions.
Completion of the study in 1994 should enable the first realistic estimate of
potential cancer risk to workers at defined exposure levels, thus offering a
better basis for setting an occupational exposure limit for 1,3-BD than currently
exists.

Although mathematical models are used for extrapolation of animal bioassay
data to low human exposure, the predictive value of such models is
questionable because the models: (i) are not validated, (i) are derived from
mathematical assumptions rather than knowledge of biochemical mechanisms,
(i) demonstrate a wide variety of risk estimates depending on the models
used, and (iv) give an impression of precision which cannot be justified from
the approximations and assumptions upon which they are based. Until these
concerns are more adequately addressed, this type of quantitative risk
assessment is unsuitable as a basis for setting an occupational exposure limit.
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With regard to the effects of 1,3-BD on experimental animals, it is obvious that
the mouse is more sensitive to 1,3-BD than all other species investigated. This
holds true for subchronic toxicity, reproductive toxicity, genotoxicity and
carcinogenicity. Mechanistic data indicate that differences in metabolism, both
in the formation and removal of the epoxides, are in part responsible for this
difference in susceptibility. Limited in vivo data on primates and /n vitro data
obtained from human tissue samples suggest that both humans and other
primates form less reactive epoxides of 1,3-BD than rodents, especially the
B6C3F, mouse. For this reason, humans and primates are expected to be less
sensitive to the carcinogenic effects of 1,3-BD. The epidemiological data
support this view: if humans are nearly as sensitive as the mouse, the cohort
studies would have resulted in a clear-cut increase in cancer incidence
associated with 1,3-BD exposure. In addition, the incidence of thymic
lymphoma seen in the B6C3F, mouse can be attributed, in part, to the
presence of a murine retrovirus. This may explain why this type of tumour was
not seen in the rat and was present with a markedly lower incidence in the NIH-
Swiss mouse, which does not carry this retrovirus. These considerations lead
to the conclusion that data from mouse studies do not provide an appropriate
basis for setting an occupational exposure limit. Although the primate is the
preferred animal model, the lack of sufficient data precludes its use. Based on
the toxicokinetic data, the rat appears to be an acceptably conservative model
on which to base an exposure limit value for humans.

The chronic study in Sprague-Dawley rats produced good survivability, thus
allowing for complete expression of tumours. The only tumours seen at 1000
ppm with statistically significant increases were mammary gland tumours in the
female. The majority of these tumours were benign. There was neither a
significant increase of benign nor of malignant tumours when considered
separately. Separation of tumour types is reasonable since historical data
show a high incidence of benign mammary tumours in the Sprague-Dawley rat.
Based on this information, 1000 ppm is a NOEL for the rat.

When comparing the results of in vive genotoxicity tests performed with 1,3-BD,
its genotoxic activity has been demonstrated clearly in the mouse and
equivocally in the hamster, but not in other species. Consequently, it has to
be assumed that the potency of 1,3-BD to induce genotoxic effects in mice is
higher than in other species. Nevertheless, the metabolites of 1,3-BD thought
to be responsible for the genotoxic action are formed in all mammals, albeit at -
a different rate. This leads to some doubt whether genotoxic action is-the
critical mechanism for induction of tumours in the rat, the only other species
tested in a long-term bioassay. This is substantiated by the tumour pattern
observed in the rat, which is more indicative of an indirect mechanism
mediated through the endocrine system rather than by a direct genotoxic effect
through the production of reactive metabolites. However, resolution of this
issue is not possible on the basis of the available information. -
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The uncertainties ‘discussed above make it difficult to derive a scientifically

sound occupational exposure limit. The lowest occupational exposure limit

 used in EC member states today is 5 ppm (German TRK value for certain

applications; based on technical feasibility). This concentration is 200-fold

lower than the identified NOEL in the rat. In addition; with all the reservations

expressed above considered, the quantitative risk assessments based on the

rat bioassay suggest that the risk of additional cancer deaths at 5 ppm is low
(section 10.1). Mostimportant perhaps, the epidemiociogical studies conducted

so far did not demonstrate any excess mortality from all causes, all cancers,

or any other broad category of disease for exposure concentrations which were

most likely higher than the current exposure concentrations. The controversy
with regard to the possible association between 1,3-BD exposure and

haematopoietic and lymphatic cancer, which has been proposed by some

authors and rejected by others, still has to be resolved. '

In view of all the available evidencs, it is concluded that an occupational .
exposure limit of 5 ppm should protect workers against non-neoplastic and

~ neoplastic effects.

12.4.3 R_ecommendations_

An occupational exposure Iimit value (OEL) of 5 ppm is recommended for 1,3-
BD. ' -

The current lowest limit in EC member states is 10 ppm, based on potential
health effects. In Germany, a TRK value of 5 ppm, based on technical
feasibility, exists for certain applications. The experience of many years of
monitoring worker health indicates that these existing limit values provide
adequate protection, limiting any health-related risk to workers.

The ongoing research programme will add significantly to the understanding
of the mechanism and toxicokinetics of 1,3-BD-induced carcinogenesis, and
provide information on exposure-based epidemiology. Thus, the OEL should
be re-evaluated after this new information will have besn incorporated into the
database. This work should be completed by 1995.

Since skin absorption of 1,3-BD is not a concern, no skin notation is
suggested.

There is no evidence to suggest that it is critical to determine a short-term
exposure limit (STEL). However, because of the uncertainty about the
biological relevance of high short-term exposures to 1,3-BD, a STEL of 100
ppm (15 min TWA) is recommended as a complimentary control to the OEL of
5 ppm.

At present, no method for biological monitoring can be recommended.
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A number of suitable methods are available for carrying out short-term, long-
term and continuous sampling measurements of 1,3-BD at the recommended
OEL of 5 ppm (section 6.1).
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Toxicology, Research Triangle Park, North Carolina from 1979-1981. He
was an Assistant Professor (1981-1985) and Associate Professor
(1985-1988) in the Department of Pharmacology and Toxicology, West
Virginia University Medical Center and has been an Immunotoxicologist
and study director with Eli 1Lilly and Company since 1988. Dr. Wierds
is a member of Sigma Xi Research Society, the International Society for
Experimental Hematology, the Ohio Valley SOT, and the Society of
Toxicology (1979) and a member of the SOT Immunotoxicology Specialty
Subsection. He served es a councilor of the specialty subsection from
1989-1991. He is a member of the EPA Grant Review Panel (1988-) and is
a field editor for Fundamental and Applied Toxicology. Dr. Wierda



served on the SOT Program Committee from 1987-1990. He was a
chairperson last year for the SOT Continving Education course entitled
"Basic and Applied Hematotoxicity". His research focuses on the
immunotoxicity of mew pharmaceuticals and biotechnology products.

Linda §. Birnbaum

Linda S. Birnbaum is Director of the Environmental Toxicology Pivision
in EPA's Health Effects Research Laboratory since 1989. Dr. Birpbaum
received her Ph.D. in Microbiology from the University of Illinois at
Urbena in 1972, with a minor in Biochemistry. Prior to her work at
EPA, she was Heaed of the Chemical Disposition Group at NIEHS. She

.became certified as a Diplomate from the American Board of Toxicology

in 1982. Dr. Birnbaum is on the editorial board of Toxicology and
Applied Pharmacology, Environmental Health Perspectives, Journal of

- Toxicology and Environmental Health, and AGE. She currently also

serves on the faculty of the University of North Carolina at Chapel
K11l as an Adjunct Professor in the schocl of Public Health and on the
Executive Committee of the Toxicology Curriculum. Dr. Birnbaum is on
Scientific Advisory Committees for NIEHS, NIOSH, CIIT and IPCS. She
has presented more than 25 national and international invited telks
since 198%. BShe is a member of the Society of Toxicology, the American
Society for Pharmacology and Experimental Therapeutics, the American
Aging Association, the American Association for the Advancement of
Science, and Sigma Xi. BShe is a past President of the North the
Mechanisms Sections of the Society of Toxicology and a past member of
its Education Committee. She has authored more than 170 peer-reviewed
publications. :

Richard Albertini

Dr. Richard J. Albertini is a Professor of Medicine, Microbiclogy and
Molecular Genetics at the University of Vermont College of Medicine,
end is the Director of the Vermont Cancer Center Genetics Laboratory.
He received the M.D. and Ph.D. (Medical Genetics) degrees from the
University of Wisconsin in 1963 and 1972, respectively. Dr.
Albertini's principal research interest involves mechanisms of mutation
in human cells, with particular reference to JIr vivo

mutations. He developed and assay to quantify and isolate mutations in
monitoring. He has been involved in studies of environmental
mutagenicity/carcinogenicity for more than two decades. Dr. Albertini
serves and has served on numerous national and international committees
dealing with human environmental health issues, including NIH review
boards. He is & past president of the Environmental Mutagen Society

-and a past editor-in chief of Znvironmentsl and Nolecular

Nutagenesis. Dr. Albertini is a recipient of the Environmental
Mutagen Society's Alexander Hollander Award and the St. George Medal of

‘the American Cancer Society. He iz on the editorial board of several

scientific journals dealing with eanvironmental issues and is a fellow
of Conte Institute for Environmental Health. Dr. Albertini's research
is currently supported by the NIH, DOE and private industry. Past

support has also come from the EPA.



Publications Resulting from Butadiene Research Program

University of Colorado

Xiaoquin Cheng and James A. Ruth (1993). A simplified method for
quantitation for butadiene metabolites: application to the study of
1,3-butadiene metabolism in rat liver microsomes. Drug Natabolism
and Disposition, 21(1),121-124. . '

Colagiovanni, D. B., W. S. Stillmsp and R. D. Irons (1993).
Chemical suppression of a subpopulation of primitive hematopoietic
progenitor cells: 1,3-butadiene produces a hematopoietic defect
similar to Steel or White Spotted mutations in mice. Proceedings of
" the National Academy of Sciences, 90,2803-2806. -

Colagiovanni, D. B., Stillman, W. S. and Irons, R. D. (1993).
- In vitro alteration of cytokine-stimulated colony formation in
murine bone marrow cells with 3,4-epoxybutene.” 'The Toxicologist
13(1),349. ' '

Colagiovanni, D. B., Henry, V. A., Stiliman, W. S. and Iroms,
R. D. (1992). Effects of in vitro butadiene monoxide pretreatment
on spleen colony forming ability of murine bone marrow cells.
Experimenta] Fematology 20(6),747.

Irons, et. al. (1993). 1,3-Butadiene Bone Marrow Toxicity
Mimics the Hematopoietic Defects Observed in Mice Bearing Steel or
White Spotted Mutationms. (abstract submitted to International
Symposium on Health Hazards of Butasdiene and Styrene).

Inhalation Toxicology Research Institute

_ Maples, K. R. et al. (1992). An Efficient Method for
Synthesizing [d;]-Butadiene Monocepoxide. J. Labelled Comp.
Radiopharma. 6, 469-475.

Maples, K. R., W. E. Bechtold, A. R. Dahl, and R. F. Henderson
(1993). Butadiene Monoepoxide Levels are Grester in Bone Marrow Than in
Blood Following Inhalation of 1,3-Butadiene in B,C,F,, Hice. (Abstract
Submitted to Society of Toxicology). )

Henderson, F. R., Bechtold, W. E., Sabourin, P. J., Maples, K. K.
and Dahl, A. R. (1993). Species Differences in In Vivo Metsbolism of
1,3-~Butadiene (ebstract submitted to the Internmational Symposium on the
Health Effects of Butadiene and Styrene).



University of North Carolina

Skopek, T. R., V. E. Walker, J. E. Cochrane, 7. R. Craft, and N. F.
Caviello (1992). Mutational spectrum at the Hprt Locus in splenic :
T-cells of B¢CyF, mice exposed to N-ethyl-N~nitrosourea.

Proc. Natl. Acad. Sci. 89, 7866-7870.

Walker, V. E., and T. R. Skopek. A mouse model for the study of in
vivo mutational spectra: Sequence specificity of ethylene oxide at
the hrpt locus. MNutation Res. (in press).

Cochrane, J. C. and T. R. Skopek (1993). Mutagenicity of Butadiene
.and .Its Epoxide Metabolites in Human TK6 Cells and in Splenic T-Cells
Isolated from Exposed B;C,F, Mice (abstract submitted to the
International Symposium on Health Hazards of Butadiene and Styreme).

Cochrane, J. E. and T. R. Skopek (1993). Mutagenicity of Butadiene
and Its Epoxide Metabolites in Human TK6 Cells and in Splenic T-cells
Isclated from Exposed B6C3F1 Mice (paper submitted for the Proceedings
of the International Symposium on Health Hazards of Butadiene and
SBtyrene). ,

Panel

Bird, M. G., E. J. Moran and R. Barter (1993). Butadiene
Toxicology Research Program (abstract submitted to the International
Symposium on Health Hazards of Butadiene and Styrene.)

Bird, M. G., E. J. Moran and H. Spitzer (1991). Butadiene
Toxicology Research Program (abstract submitted to Gasoline Symposium).



CHEMICAL MANUFACTURERS ASSOCIATION ~ —

Quality Assurance Support for
Butadiene Research Program

inhalation Toxicology Research Institute
Pharmacokinetics & Metabolism

Initial Site
A \/isits :
Data Reviews | sl §

University of Colorado

initial Site _
= \isits
Data Reviews| amnemmd

Hematopoietic & Bone Marrow Effects

University of North Carolina
Mutational Spectra

Chemical Industry Institute of Toxicology
| Physiologically-based Pharmacokinetic Modeling

. The goal of the Quality Assurance
support function is to assist in the production of
~ data with documented quality. These data will be
_used in discussions with regulatory agencies
* worldwide, to gain an appropriate and scientific
interpretation of butadiene mechanism of action -
and the spacies differences in response.

The Quality Assurance function, in the
third year of the program, continues to facilitate
the production of data whose documentation
quality mesets or exceeds contemporaneous
standards. The independent investigation of
data and research processes ensures that
optimal  scientific  design and conduct are
maintained within and across the four research
centers. | :

Quality Assurance functionally supports
cooperative  efforts in this multi-centered,
multi-gisciplinary approach to the understanding
of complex metabolic processes in various
species. As research strategies are refined,
clear documentation allows materials and
methods to be transferred between research
centers without introdugtion of error or variability.

. Baldwin Consulting Services

Butadien. 00 -

49 Danby Lane _
Langhome, PA 19047  Fax 215-752-5965

Inttial Site - -
- isits :
- Data *views-# '

~Tntial Se
4 \fisits

G D212

Quality Assurance actions have provided
continual assessment of program progress in
production of data and documentation quality. -
Reduction of variabifity has been achieved through
standardization, identification of data quality by

“analysis of accuracy, precision, sensitivity and

representativeness. insistence  of  basic .
cost-effective  documentation  maintenance
consigtent with EPA TSCA Good Laboratory
Practices Standards (GLPs) continues to be the
jocus of efforts. Areas evaluated included test
system observations, collection and identification
of specimens, data handling and retrieval,
confirmation of data transformation, calculation and
analysis. '

As publications are prepared, Quality
Assurance reviews have been conducted to
assure that these reports accurately and
completely reflect the data and its development.
Overall, the Quality Assurance function continues
to see an improvement in data documentation
procedures in the program. Intensification of this
review of the products of this program 1o provide
the basis for appropriate scientific interpretation of
species differences in Butadiene metabolism is
expected in the next year.

Tel. 215-752-3830



but only a weak carcino-

Chemical Manufacturers Association

Butadiene Panel
Research Program

In 1991, the Chemical Manufacturers Association
Butadiene Panel began a comprehensive research

program involving four research centers. The goal of

the program is to understand mechanisms of action

and species differences in response to butadiene expo-
sure. Data from toxico-
logical testing have shown
that butadiene is a potent

carcinogen in the mouse -

gen inthe rat. In contrast,
there is an apparent over-
all absence of carcinoge-
nicity in man. This differ-
ence in carcinogenic sus-
ceptibility must be under-
stood before meaningful
estimations of risk to hu-
mans can be made.

1,3-Butadiene, a flam-
mable, colorless gas,' is
used extensively in the production of polymers and
synthetic rubber. Butadiene also is formed during the
incomplete combustion of petroleum-derived fuels, in
particular, by gasoline and diesel powered motor
vehicles.

The research program is now entering its third yearand
the data obtained to date support the supposition that
the mouse is uniquely susceptible to the - effects of

butadiene exposure. A metabolite of butadiene, 1,3-

epoxybutene, is found at high concentrations in the
bone marrow of exposed
mice. Butadiene exposure

SBR Worker
Cohort Study

" to mice also results in a
decrease in a specific bone
marrow cell population.
* Future work will focus on
exploring whether these ef-

Mutational |
Spectra

fects occur in other species,
including humans, follow-
ing in vivo or in vitro expo-
sures.

The International institute
of Synthetic Rubber Produc-
ers is conducting an epide-
miology study of SBR work-
ers. These workers are ex-
posedto butadiene and other chemicals. The epidemi-.
ology study will attempt to determine whether there is
arelationship between butadiene exposure and health
effects in workers. The Panel’s research program and
the ISRP epidemiology study will provide comple-

mentary data for a determination of risk to humans.



inhalation Toxicology
Research institute
Pharmacokinetics & Metabolism

University of Colorado

Hematopoietic & Bone Marrow Effects

University of North Carolina
Mutational Spectra

Chemical Iindustry
Institute of Toxicology
Physio]ogically—

o

based Pharmacokinetic Modeling

University of Alabama
sBR Worker Update Study

inhalation Toxicology Research Institute

“This program focuses on differences in butadiene metabo-

lism in mice, rats, monkeys and humans and relates them to

observed differences in sensitivity to the carcinogenicity of
the chemical. The most sensitive species, the mouse, forms

more toxic metabolites of butadiene and breaks them down
less efficiently than the other species. Mice, rats and
primates will be exposed to butadiene and the build up of
butadiene and its metabolites in blood and tissues will be
monitored after single and repeated exposures at several
dose levels. These studies will aid in determining if
metabolism contributes to species differences in sensitivity
and in extrapolating the animal carcinogenicity data to
predicted risks for humans.

Second Year Findings: New analytical techniques have
been developed that will allow detection of micromolar
quantities of butadiene and both epoxide metabolites, in-
cluding the diepoxide, in animal tissues. The new method
has been validated in blood and is being validated in other
tissues. High levelsof 1,3-epoxybutene in the bone marrow
of exposed mice have been confirmed.

University of Colorado :

The program is aimed at understanding the marked species
differences in susceptibility to leukemia/lymphoma associ-
ated with chronic exposure to butadiene. Although certain
strains of mice are extremely susceptible to butadiene-
induced lymphoma, chronic exposure of theratto butadiene
does not result in an increase in leukemia or lymphoma.
Studies will characterize the cell-specific metabolism and
fate of the butadiene metabolites in mouse bone marrow
cells. Additional studies will investigate the effects of these
compounds on blood forming cells thought to play a major
role in the development of leukemia. These studies will be
followed by the evaluation of the same parameters in human
marrow and lymph cells. The evaluation will be an effortto
understand differences in the mechanisms of toxicity that
cause species differences in response to butadiene.

Second Year Findings: Studies of the effect of butadiene and
its metabolites on mouse bone marrow cells reveal a com-
mon link between chemical- and genetic-induced lym-
phoma/ieukemia models involving the functional depletion
of a subpopulation of hematopoietic stem cells. This early
event by itself appears to be sufficient to cause tymphoma/
leukemia in the mouse with other processes such as cytoge-
netic damage, mutational events, or retroviral activation
being secondary events that influence strain-specific inci-
dence of tumor development. Currentefforts arefocused on
a comparative analysis of the effects of butadiene and its
metabolites on human bone marrow cells.

Other experiments have examined the in vitro metabolism
of 1,3-butadiene and its major metabolites in mouse bone
marrow. Additional studies are underway to examine the
metabolism ofbutadiene in specific subpopulations of mouse
bone marrow cells and to compare mouse and human bone
marrow metabolism of 1,3-butadiene. -

V«lﬂ_dn,\



2arch Program

Comparative armacokinetics

i ; land Metaboliem (rodent/primate/human)
; '

In Vivo Studies 1o Determine Blood and Urinary Metabolites of 1%C Butadiene
I_..‘_—a———— Rodent .___i——>- gl —————————— ll-"rimate

-

Comparative Pharmacokinetics |

IEffects of Fo
x q
s~ and Metabolism (redent/primate/human} = Butadiene on Rodents
b - ' - Metabolism of Butadiene in_Rodent -

and Human Bone Marrow Cells
: Mutational. Spectra of Butadiene . - Ouantitation_of DMNA -
,ﬂ__ and Mgtabo[ites - and Hemoglobin Adducts
; Development of PB/PK 3
[ ] Model

Ongo ing Exposure-based Cohaoirt

® .
¢ Study of Styrene Butadiene Rubber Manufacwuring Workers : .

University of North Carolina
This research examines the ability of butadiene and its
: metabolites to form DNA adducts and induce alterations in
| DNA sequence (mutations). A new method, developed in
.~ partunder the auspices of the CMA, is being used to study
. the specific DNA sequences changes induced by butadiene
and its metabolites in the mouse. Also, highly specific and
sensitive tests are being developed for measuring the type,
amount, and persistence of butadiene-DNA adducts in
target and non-target tissues of mice and rats. These will be
compared to hemoglobin adducts. The goal of the research
! is to quantitate the effective dose delivered to different
; tissues following butadiene exposure and to understand the
‘, cause-and-effect relationship between butadiene-induced
DNA adducts and mutation. Collaborative studies with the
i inhalation Toxicology Research Institute are investigating
mutations induced following in vivo exposures of mice.

(f.”””ﬁ,.
R

Second Year Findings: DNA sequence information has
! revealed that butadiene and its metabolites produce a
| pattern of mutations similar to that produced by ethylene
oxide and suggest that a depurination mechanism may be
operating in the mouse. Furthermore, mutations were
observed at both CG and AT bases, implying the involve-
ment of DNA modification at both the guanine and adenine
bases. In fact, prefiminary data indicate the production of
guanine and adenine adducts following treatment with 1,3-
epoxybutene,

- throughout the research period. —

Chemical Industry Institute of Toxicology

_ This program will help in relating data on animalsto human

risks. A physiologically-based pharmacokinetic model of
butadiene is being developed to improve the estimation of
dose atthe targetsite. This information will be necessary for
improved estimates of the risk from butadiene exposure in
humans. The model will incorporate much of the databeing
generated at all Panel-sponsored research centers.

* University of Alabama

This program consists of a cohort study of approximately
18,000 workers at 10 styrene butadiene rubber plants. The
study period begins at industry start-up in 1943 and contin-
ues through 1992. Detailed quantitative estimates of expo-
sure to butadiene, styrene, and benzene {a potential con-
founding factor at some of the plants) will be made for each
worker in the study. Both mortality and cancer incidence
rates for workers will be evaluated. This study is sponsored
by the International Institute of Synthetic Ru bber Producers
andjointly funded by butadiene monomer producersworld-
wide.

Quality Assurance and Peer Review

An independent quality assurance review of research is
ongoing through quality assurance consultants and staff.
Publications of the research results are in peer reviewed
journals. Four scientists have been selected to form an
internal peer review advisory group. Each scientist has
expertise in one or more of the research areas. This year's
peer reviewers are: Dr. Richard Albertini (University of
Vermont}, Dr.Linda Birnbaum (EPA), Dr. F. Peter Guengerich
{Vanderbiit University) and Dr. Dan Wierda (Eli Lilly). In
addition, comments on the research program are continu-_
ally being sought from government, academia and industry



Chemical Manufacturers Association

~ Butadiene Panel
- Research Program

~ Sponsoring Organizations
* American Petroleurn Institute
~ Amoco Chemical Company
_ The BFGoodrich Company
" BP Chemicals, Inc.
Chevron Chemical Company_
Dow Chemical USA.
~ DuPont |
Fastman Chemical Company
" Exxon Chemical Company
ICl Americas, Inc.
‘Lyondell Petrochemical Company
Mobil Chemical Company
Oxy Petrochemicals Inc.
Shell Oif Company
Texaco Chemical Company

" Union Carbide Chemicals and Plastics Company inc.

For further information, please contact:
Dr. Hizabeth ). Moran
Manager, Butadiene Panel

202/887-1182
FAX: 202/887-1237
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CANCER POTENCY FACTOR FOR 1,3 BUTADIENE
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Dr. Michael G. Bird, DABT, FRIC
Exxon Biomedical Sciences, Inc.



INTRODUCTION -

| My name is Dr. Michael Bird'of Exxon Biomedical Sciences located in Eé_st Millstone, NJ, |
USA. l'have 25 years of industrial toxicology experience combining my previous employment
1with British Petroleum and 18 years with Exxon. - - : : '

| am a Board certified toxicologist, a member of the Society of Toxicology and Fellow of
the Royal Society of Chemistry. | have been closely associated with health issues relating to
1,3-butadiene for the last 10 years. | was co-organizer of an international symposium on the
toxicology, carcinogenesis and human health aspects of 1,3-Butadiene in 1988, and | am
Chairman of the Program Committee for a symposium to be held in 1995 on butadiene and
isoprene. For the last 4 years, | have chaired the Butadiene Toxicology Research Task Group
of the Chemical Manufacturers Association. The attached presentation describes new data
showing species differences in response to butadiene and indicating that the existing cancer
potency based on the mouse bioassay data is inappropriate for human risk assessment.



SYNOPSIS

LUNG TUMOR RESPONSE IN MOUSE BASIS FOR CARB CANCER
POTENCY FOR BUTADIENE '

DEVELOPING DATA SHOW THAT THIS AND SOME OTHER |
CANCER RESPONSE MAY BE SPECIFIC TO THE MOUSE AND NOT
REFLECT THE HUMAN SITUATION

CANCER POTENCY DEVELOPED FROM THE RAT, WITH
ADJUSTMENT, IS MORE APPROPRIATE AND SHOULD BE USED
FOR HUMAN RISK ASSESSMENT

DATA FROM EXTENSIVE MECHANISTIC AND POPULATION
STUDIES AVAILABLE IN EARLY 1995 - |



HEALTH EFFECTS RESEARCH CHRONOLOGY

" PRE 1980: INITIAL TOXICITY TESTING IN MULTIPLE SPECIES

!

. LOW ACUTE TOXICITY
1980s: CANCER FINDINGS REPORTED BY INDUSTRY AND GOVERNMENT
. STRONG RESPONSE IN MOUSE; LEUKEMIA AND SO_LI'DTUMOR.S
. WEAK RESPONSE IN RAT; SOLID TUMORS
- HUMAN EPIDEMIOLOGY LIMITED; NO OVERALL EVIDENCE OF
CANCER; CONTROVERSIAL ELEVATION IN SOME SUBGROUPS
1990s: INDUSTRY SPONSORED RESEARCH PROGRAMS

. FOCUS ON INTER-SPECIES DIFFERENCES =
. HUMAN EPIDEMIOLOGY UPDATE |



INDUSTRY SPONSORED RESEARCH PROGRAMS

OBJECTIVE PROPER APPLICATION OF ANIMAL AND HUMAN DATA FOR BUTADIENE
HAZARD AND RISK ASSESSMENT :

ACTIVITY . 'SPONSOR

e HUMAN EPIDEMIOLOGY HHSRP

e ANIMAL MECHANISTIC STUDIES | CMA/API

e RISK ASSESSMENT | cMA/API/CEFIC

APL: AMERICAN PETROLEUM INSTITUTE |

CEFIC: EUROPEAN CHEMICAL MANUFACTURERS FEDERATION

CMA: CHEMICAL MANUFACTURERS ASSOCIATION |

IHSRP: INTERNATIONAL INSTITUTE OF SYNTHETIC RUBBER PRODUCERS



ANIMAL MECHANISTIC STUDIES

OBJECTIVE:  UNDERSTAND HOW INTER-SPECIES DIFFERENCES IN BUTADIENE
METABOLISM AND TISSUE SENSITIVITY ACCOUNT FOR DIFFERENT

HEALTH EFFECTS

'HEALTH EFFECTS | mETABOLISM | TISSUE SENSITIVITY
S FORMATION OF B | |
SOLID TUMORS | CARCINOGENIC BONE MARROW

LEUKEMIA

- DIEPOXIDE STEM CELL DAMAGE

OTHER
TUMORS | METABO_LITE

MOUSE F o
RAT - - + 1 o -
HUMAN ? 0 0 : - -

KEY:

+ OBSERVED IN EXPERIMENTAL STUDIES
- NOT OBSERVED IN EXPERIMENTAL STUDIES
0 NOT OBSERVED IN EPIDEMIOLOGIC STUDIES '

o



METABOLISM OF BUTADIENE

S METABOLIC PATHWAYS ' | CANCER
SPECIE . : ' : : POTENTIAL
HooHooH
I G G— G —C-H
QO 8]
H H H 1295 H H H _ .
L | _ | STRONG
MOUSE —(— Gi== __> H-C— C——C===C _
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il-i fl‘i }!{ 0 H H_ ¥ 9.5 H. '_OIH W : :

M
L S el
H H H H H “H L w o §)
] I I 230 ] 1 i -’ . NONE
HUMAN GG Gonnf oy WG GOt |
i b O o h _ H oH  n .
C - 32 I |
OH H H- H

The numerical values indicated are determined from liver cell suspensions and are rates expressed as L..n
molef(mins. mg protein m mole} at non saturating concentrations of butadiene
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LEVELS OF BUTADIENE EPOXIDES ARE HIGHER IN BLOOD OF
MICE, COMPARED TO RATS, EXPOSED TO BUTADIENE

STEADY-STATE BLOOD CONCENTRATIONS (uM)’
BUTADIENE BUTADIENE | BUTADIENE
BUTADIENE MONOXIDE " DIEPOXIDE
(PPM) MICE RATS MICE _ RATS MICE | RATS
62.5 2.4 1.3 0.56 | ~ 0.07 0.65| ND
625 37 | 18 | 37 | o094 | 19 | ND
1250 58 37 8.6 13 | 25 | ND

ND = NOT DETECTED; DETECTION LIMIT FOR EPOXIDES WAS 0.03 1M

1  HIMMELSTEIN, MW ET AL. CARCINOGENESIS (IN PRESS), COMPARISON OF BLOOD
CONCENTRATIONS OF 1,3-BUTADIENE AND BUTADIENE EPOXIDES IN MICE AND RATS

EXPOSED TO 1,3-BUTADIENE BY INHALATION
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BLOOD FORMING PROCESS
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ADJUSTMENT TO CANCER POTENCY FOR 1,3 BUTADIENE

CANCER POTENCY (PPM)™

'MOUSE (N

ALL SIGNIFICANT TUMORS

0.32
EXCLUDE LYMPHOMA/LEUKEMIA 0.23
ADJUST FOR EPOXIDE METABOLITE' 7.8X10%
R o
ALL SIGNIFICANT TUMORS 35X 10°
EXCLUDE MAMMARY CARCINOMAS 1.8 X 109
ADJUST FOR EPOXIDE METABOLITE! 9.0 X 10°

Further supporting data available 1994/95




SUMMARY

MOUSE IS NOT AN APPROPRIATE MODEL DUE TO SUBSTANTIAL SPECIES
DIFFERENCES IN METABOLISM AND TISSUE SENSITIVITY -

RAT DATA USEFUL WITH APPROPRIATE MECHANISTIC ADJUSTMENTS TO
IMPROVE RELEVANCE TO HUMANS

IMPORTANT QUANTITATIVE DOSIMETRY, MECHANISTIC AND EPIDEMI-
OLOGY DATA AVAILABLE EARLY 1995 WITH ADDlTIONAL RESEARCH

ONGOING

INTERNATIONAL SYMPOSIUM PLANNED FOR 1995, JOINTLY SPONSORED
BY INDUSTRY, EU SCIENTIFIC COMMITTEE U.S. EPA, AND WORLD
HEALTH ORGANIZATION

CARB CANCER POTENCY ESTIMATE SHOULD BE ADJUSTED TO INCLUDE
INTERSPECIES DIFFERENCES IN METABOLISM AND MECHANISM OF

ACTION



Duane B. Bordvick Tosco Refining Company
« Vice President A Division of -
Environmental and External Affairs Tesco Corporation
’ 2300 Clayton Road
Suite 1100
Concord. CA 94520-2100
{510) 602-4050

June 9, 19954

Mr. James D. Boyd

Executive Cfficer

California Air Resources Board
2020 L Street

Sacramenteo, California 95814

RE: CARB PHASE 2 GASOLINE REGULATION AMENDMENTS ;
ADOPTION OF PREDICTIVE MODEL '

Dear Mr. Boyd:

Tosco Refining Company (Tosco) is pleased to provide comments
to the California Air Resources Board on proposed amendments to the
Phase 2 gasoline regulations adopting a predictive model for -
alternative gascline formulations. -

Tosco, an independent petroleum refiner, owns and operates a
145,000 barrel-per-day refinery in the San Francisco Bay Area. We
produce approximately 10 percent of the motor fuels -- gasoline and
diesel fuel -- gold in California. Our principal customers are
over 300 independent retail gasoline marketers located in every
region of the state.

We acknowledge the tremendous amcunt of work which CARB staff
has put into enhancing the flexibility of the Phase 2 gascline
program through the proposed rule changes and the predictive mcdel.
As an example of the important changes proposed, we support the
modificatiocn in the electlion of compliance methods from an annual
selection to a procedure which allows for frequent switching
between flat and averaging compliance metheds. We generally concur
with the overall comments of the Western States Petroleum
Association (WSPA), and specifically we support WSPA’s suggesticon
that this frequent shifting to alternative compliance methods apply
toc the predictive model as well as tc changing to-and-from the flat
and averaging methecds.

We have the following additional comments:

1) Importance of flexibility.
The amendments being considered by CARB are essential steps to

improve Phase 2 gasoline flexibility. We cannot understate
the importance of providing flexibility £for compliance
alternatives, timing, equivalency, and enforcement procedures.
Even with these proposed added flexibilities, Phase 2 gascline



remaing a major and costly challenge for not only an
independent refiner such as Tosco, but we believe the entire
industry. We further believe the ultimate success of the
Phase 2 program will rely on 9xtracting every drop of
flexibility we can while preserv1ng the important overall -
objectlves of the regulatlon

Flexibility usually comes at some cost and both industry and
the Air Resources Board need to be willing to accept increased
burdens which ultimately will provide a return to the public.

For example, increasing flexibility may result-in more record

keeping, increased enforcement complexity, or additicnal

product analysis. We believe that .on balance we will find

that such increased burdens are bargains as compared to the
overall cost of the program as long as there is no sacrifice

of air quality and compliance assurance.

“The comments that £follow suggest approaches which, while
‘placing further burdens on both- 1ndustry and the Air Rescurces
Board, will enhance flexibility without sacrificing program.

objectives.

'2) . Greater flexibility in rule phase-in may be needed.

Tosco concurs with the proposal to phase-in the implementation
of. the ©Phase 2 gasoline requirements, applying the
requirements to peints along the distribution system starting
April 15, 1996, and to retail locations on June 1, 1996.
While this transition period will be beneficial in helping to
avoid supply and distribution problems, it should be noted
that this proposgsal does not apply directly to refiners or
importers, who must still comply by March 1, 1996.

Many of the problems that emerged during the transition to
CARE diesel 1last vyear ctemmed from supply or production
disruptiong upstream of terminals. One of the lessons from
the introduction of CARB diesel i1s that it is impossible to
anticipate all the impacts and unforeseen problems that may
result from the intrcduction of a new fuel. The transition to
Phase 2 gasoline, with the complexity of the production
process, the variety of fuel specificaticns that are reguired
to be met, and the shear volume of demand for gasoline in the
state, create the possgibility of greater disruptions than were
experlenced when CARB diesel was 1ntroduced

Cur comment and concern is that the enhancement of compliance
flexibility for terminals and retailers through adopticn of a
transition pericd, while beneficial, will not eliminate the
posgibility of significant supply disruptions. Ensuring an
adegquate supply of gasoline to California consumers will
undoubtedly also require that a viable variance process be
maintained to accommodate refiners and importers in the event
of unforeseen disruptiocns.



3

3) Proposed predictive model could provide greater
flexibility. : _ _ . ' '
while the proposed. model provides some flexibility in the.
production of Phase 2 gasoline, it comes short of providing
the maximum amount of flexibility that it could have provided.
" Specifically, we believe that CARB should consider making RVP
a variable within the predictive model. We believe the
~ability to adjust RVP down from the 7.0 psi standard would
produce more flexibility in terms of adjusting other critical -
gasoline specifications. ' _ _ o '

Engine exhaust 1s significantly impacted by RVP. Also,
reduction in RVP has been acknowledged as perhaps the single
" most effective way of reducing evaporative hydrocarbon-
emissions. While trading-off RVP for other fuel parameters in
a2 predictive model would result in a neutral emissions effect, .
it would provide greater flexibility for refiners, and would
‘have the added benefit of reducing hydrocarbon emissions from
 fuel evaporation. Hence, inclusicn of RVP as a variable will
undoubtedly result in lower total hydrocarbon emissions in

comparison to the existing Phase 2 gascline. .

4) Flexibility can be enhanced by allowing separate flat
limits and/or averaging for gasoline grades. :
There are other aspects of the existing regulations: which
suppress flexibility.  Specifically, the rules do not allow
the use of separate flat limits and/or averaging for different
grades of gasoline produced at the same refinery. If separate
specifications are used, according to the rule, these must be
averaged, so the producer is subject to the more gstringent
averaging limits. :

Typically, premium grade gasolines have higher aromatics and
greater T-50’'s and T-90's than do regular grade gasolines.
Thig is because higher cctane blendstocks used in premium have
more aromatics and higher-boiling points.

To enhance flexibility, a refiner should be able to apply
different compliance methods to each grade of gasoline. For
example, a refiner should be able to average regular and apply
another form of compliance, be it flat Ilimits or the
predictive model, to premium grade. If a refiner is forced to
average both grades, flexibility is lost.

5) Testina for compliance at refinery gate reduces
flexibility.
While ‘“complying + complying = complylng" gascline at

terminals, in the pipelines, and at retail locations, it is
not clear that this principle would apply within the fence of
a refinery. Not allowing refineries to commingle complying
gasoline would place refiners at a disadvantage in terms of
gasoline logistics as production of Phase 2 gasoline may be by
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.more than one compliance method. The inability to commingle

reduces flexibility of production methods, making a refinery’s

storage capacity the determining factor in what methods are

used to produce gasoline. . _

An alternative testing protocol should be alilowed -to be .
submitted by individual refiners so that CARB field tests can.

. be performed before the gasoline reaches the final point of

distribution from the refinery. This would allow testing of

separate batches of gasoline to assure compliance, and those

batches could then be stored in a single gasoline tank
elsewhere within the refinery. . ' '

6) . CARR  should seek flexibility in interpreting and

- ‘enforcing CARB and EPA rules. - - o .
.. California refiners will be subject to the provisions of both

the CARB Phase 2 regulations and the EPA RFG regulations.

- Where these regulations conflict or cause confusion or are -

ambiguous, a refiner’s flexibility will be limited. For.‘

 example, the proposed predictive model provides flexibility in "

oxygen content for gasoline sold in Northern Califoxrnia, while

. the requirements of the federal RFG program do not permit such
 flexibility ~in gasoline for  use in most of  Southern
California. = The federal requirement of a minimum of 2.0

percent oxygen content from 1855 through 1997, and of 1.5
percent in 1998 and thereafter when the complex model keccmes
mandatory, amounts to a rigid oxygen specification which
cannot be a variable factor when using the CARB predictive

model. :

Because of this conflict between the CARB predictive model and
the RFG requirements, the predictive model bacomes less a
means of providing flexibility when used to procduce gasoline

. for sale in Southern California. CARB should approach the

U.S. EPA about accepting the CARB predictive model as a means
of complying with the federal RFG requirements.

WSPA has brought a number of other examples of conflicts or
compatibility concerns between the federal and state rules to
the attention of CARB staff. CARR’s active involvement with
the EPA and industry is needed to resolve these issues.

Once again, Tosco acknowledges and appreciates the effort

which CARB staff has made to increase the flexibility of complying
with the Phase 2 gasoline requirements. However, we believe that
more can be done to promote flexibility in compliance, as we have
outlined, and urge the Board to pursue these avenues.

Very truly vours,
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+ Board Members :
Ccalifornia Air Resources Board
c/©0 Board Secretary

P. 0. Box 2815 '
Sacranento, CA 95814

Dear Board Members:

Mobil 0il Corporation is pleased to submit the following written
comments to the california Air Resources Beoard (CARB) on its

- proposed amendments to-the Phase 2 reformulated gasoline (RFG)
regulations. Since the CARB Phase 2 Gasoline rule will have a
large impact on our business, we have a significant interest in-
this proposal. ‘ '

" Mobil is the second largest fully integrated petroleunm company in
the U. §. In the U. S., Mobil operates five refineries, more than .
50 petroleum distribution terminals and supplies quality petroleum
product to over 8500 branded retail outlets in 29 states. In
California, Mobil has exploration, producing, refining, and
marketing operations. Mobil’s Torrance, <California refinery
employs approximately 1,000 and has an annual payroll of more than
$50 million. The refinery processes significant gquantities of
California heavy San Joaquin Valley (SJV) crude produced by Mobil’s -
E&P division and transported via a recently upgraded, secure
pipeline system. In 1993, Mobil supplied approximately 1.5 billion
gallons of petroleum products in the state of California.

First, I would also like to express our appreciation to the staff
for their cooperation in dealing with both Mobil and WSPA in
working through the myriad of complex details involved in the
predictive model and averaging protocol. We trust that this same
spirit will carry forward 1in dealing with the remaining
implementation issues for Phase 2 gasoline.

Mobil supports the predictive model and associated implementation
rules being proposed by CARB. This proposal will provide us with
a workable flexibility option to meeting CARB Phase 2 requirements.
.This model should enable Mobil and the industry to assure more
rateable and reliable supply without any degradation of the air
quality benefits of Phase 2 gasoline. While the model may not be
perfect in every regard, we believe that the model is a reasonable
reflection of the test data and contains many of the elements that
we believe to be important. Therefore, we would urge its adoption.
Furthermore, we recommend that use of the adopted model be held
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fixed without the threat of a continuous stream of model changes.
The prospect of potential future changes would increase the

uncertainty of complying with Phase 2 requirements and the risk of
" compliance delays. In terms of implementation, Mobil is concerned
about the potential.lack of RVP operating flexibkility and would
support further work to help resolve this issue including RVP
averaging. ~We would, however, oppose the use of the predictive
model to generate RVP credits as we question the RVP emission
effects predicted by the model.

‘Mobil'also is pleased with the proposed changes to the averaging
protocol.  These changes combined with a reasonable enforcement

approach should also make this a workable flexibility option. We

again trust that the compliance division will be responsive to our
concerns about enforcement and will cooperate with industry to
develop an approach that will avoid limiting flexibility while
. maintaining adequate enforceability. :

'In regard to any vehicle and fuel compatibility concerns, we urge:-

" CARB to take a leadership role in investigating any potential
compatibility problems in advance of the introduction of Phase 2
RFG. If we are asked to assist, Mobil would lke pleased to
contribute its expertise as appropriate.

while we support CARB in helping to assure a smooth transition to
- Phase 2, we are concerned that the proposed amendments regarding
inmported gasoline that originates in California will not be
sufficient to deter cheating. We recommend that CARB adopt
appropriate reporting and enforcement requirements for Phase 2
gasoline delivered from cut-of-state terminals to prevent the
importation of non-complying gasoline.

Finally, and most importantly, we urge CARB to clarify as soon as
possible the variance protocol to assure that facilities do not use
CARB’s delay on the predictive model and/or changes in the
averaging rules as justification for missing the deadline. Liberal
granting of variances will create business uncertainty and disrupt
compliance. Therefore, variances should be limited to unexpected
events beyond the control of the applicant and should include a
mitigation fee large enough to discourage non-compliance.

Tn conclusion, Mobil is committed to meet the requirements of Phase
2 gasoline and appreciates the flexibility afforded by the
predictive model and averaging protocol to help assure a smooth
introduction to Phase 2 gasoline. We urge the Board to adopt the
model and averaging proposals and to assure that an appropriate
mitigation fee will be assessed for non-complying gasoline.
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During vrule development in 1991, Wwe challenged the cost-
effectiveness of +the Phase 2 specification package. Since
adoption, we have committed substantial resources toward complying
with the Phase 2 regulation and now support CARB’s objective of an
orderly and smooth transition to Phase 2 gasoline.

. Very truly youfs,
- C L Mo

C. R. Morgany Manager
Environmental Affairs-West Coast

crm085-1



Comments of the ‘
American Automobile Manufacturers Association
at the California Air Resources Board
public Hearing to Consider Amendments to the
California Phase 2 Reformulated Gasoline
~ Regulations, Including Amendments Providing for the
o Use of a Predictive Model
June 9, 1994

Hello, my n’_éme is Nancy Homeister. | am here on behalf of the American Automobile

Manufacturers Association which represents Chrysler, Ford and General Motors. We -

would like to thank the California Air Resources Board for this opportunity to comment
on the California Phase 2 gasoline predictive model.

~ We have analyzed the pred'ictive model and compared the model’s predictions to
Auto/Oil results. Our conclusion from this analysis is that the model adequately
represents the effects of changes in fuel parameters on vehicle emissions. As the

attached chart shows, for the 29 fuels tested, the majority of the model predictions -

~are within 3 percent of the actual Auto/OiI data, and nearly all are within 10 percent.

“We do, however, have two observations. First, the model predictions for NOx and
VOC emissions are better than those for toxics. This may be largely attributable to
the wide variability in the toxics emissions data that were used in the development
of the model. Second, our tests of the model used the same fuel and emissions data
that were used in the construction of the model and thus our analysis does not
provide an independent check of the model. As the Air Resources Board Staff have
noted, independent, robust data sets do not, at this time, exist.

We appreciate the efforts the Air Resources Board Staff has put into the development
of this model. They have waorked closely with both the oil and automotive industries,
and from our viewpoint, have been receptive to the comments made by both. The
comments we made regarding an earlier version of the model during the February
workshop appear to have been largely resolved in this more recent version. The
model itself appears to be superior to EPA’s complex model.

It is critical, with a mode! as complex as the California Phase 2 Gasoline predictive
" model, that the Air Resources Board provide a means 10 update this model as
additional, robust test data becomes available or as our understanding of the
relationship between fuel parameters and vehicle emissions improves. The Staff has
indicated their intention to incorporate future test results into the model, and we
would ask the Air-Resources Board to direct Staff to develop a mechanism to update

the model as needed, to ensure the best possible predictions of real world behavior.

This conclud_es our statement.
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for Reformulated Gasoline

June 9, 1994

Thank you for the opportunity to comment on the development of reformulated
gasoline and its impact on the various segments of the industry and public. The
California Independent Oil Marketers Association (CIOMA) strongly supports the
proposed phase-in of reformulated gasoline throughout the market. o

As the recent experience with reformulated diesel illustrated, a single compliance .

date, industry-wide does not allow product to be transferred from producers to end-
uses without disruptions in regional supplies. The current phase-in proposal follows

the method used for the introduction of oxygenated gasoline into the distribution
streamn — a system that has generally worked well. CIOMA urges the Board to adopt

this practical means of ensuring supplies of RFG are available before compliance will
be enforced. : '

CIOMA members do have several substantial concerns we hope to see addressed
soon. As we have recommended previously, we believe a task force with
representatives from all segments of the petroleum industry and other groups
affected by introduction of the new fuels, as well as the agencies who monitor air
quality, transportation, the security of fuel supplies, should be established in the very
near future. - Several issues that can affect the success with which reformulated
gasoline is introduced into the market must be resolved before the deadlines are here.

Specifically, CIOMA members are concerned about the capacity for pipeline systems,
terminal storage facilities, and their own bulk plants to handle RFG. If the predictive
model proposed results in the development of several different types of RFG that
cannot be blended or mixed without affecting compliance, then shipping and storage
capacity will be adversely affected, possibly affecting supply and distribution of the
fuel. Such disruptions would not be of the short-term nature experienced with
reformulated diesel. Instead, problems would be recurrent and somewhat
unpredictable. This issue should be discussed and resolved to the degree possible
through a task force such as the one previously proposed.

Other issues of concern that should be resolved prior to introduction of the new fuels
are testing for specification compliance and for engine wear and fuel economy effects.
CIOMA members are especially concerned, from two perspectives, about the point at
which compliance with the specifications will be determined. First, if compliance will
be tested throughout the distribution chain, CIOMA members and their service
station customers, must know what kinds of testing they will be required to conduct
to prove compliance and what the estimated costs of those tests will be. Our members
must know if each load has to be tested and what kinds of tests will adequately
demonstrate compliance as soon as possible to prepare for conducting these tests.

- (ffice Address: 1450 Halyard Drive, Suite 11 M Waest Sacramento, CA 95631-3478 R Tel (916)373-0294 M Fax (916} 373-¢163 B Jim Gigoux, Executive Vice President



The second concern involves competitive advantages that non-complying retailers
may gain from selling out-of-spec product. Limiting compliance determinations to
the producer and terminal levels may not adequately prevent non-complying gasoline
from being sold illegally in California. Again, the most reasonable way to resolve
these types of issues ~ concerns over the costs and extent of testing as opposed to the
need for some compliance measures to be taken at the wholesaler and retailer levels -
is through a problem-solving task force that can outline adequate, but not overly
onerous, comphance measures.

Similarly, CIOMA adamanﬂy states its belief that no reformulated gasoliné_ formula
should be approved for use unless it is tested for its affect on engine wear and fuel
economy in actual vehicles. It seems apparent that public health and air quality is not -

~ benefited by new fuels that result in damage to engines or in the need to use greater
. quantities to cover the same number of miles. CIOMA urges the Air Resources Board

to consult with other state agencies and standards-setting organizations to establish

~ minimum useability and fuel economy standards for these new fuels, making

compliance with these standards a prerequisite for CARB certification.

. CIOMA commends the Air Resources Board for its efforts to make the_reformulated

gasoline regulation work without disrupting the market. 1 am sure CIOMA does not
need to remind you that disruptions of gasoline supplies will not affect the limited

- number of vehicle owners who were affected with introduction low-aromatic diesel,

but will instead affect most of the general public.

We urge the California Air Resources Board to act NOW to resolve potential problems
with roundtable discussions among all those who will be affected by the reformulated
gasoline regulation. We believe a task force convened within the next two months is
critical to successfully introducing these new fuel specifications.



June 8, 1994

Miss Jacqueline Schaefer
Chairwoman
California Air Resources Board
2020 L Street
- Sacramento, CA 95814

Dear Miss Schaefer

| _' ' Toyota strongly supports thc CARB Phase I gasoline regulanon mcludmg the cap, averagmg,
| and flat limit provisions. This regulation will effectwely prov1dc gasolme Wthh is of consistent
quality and will effecnvely improve a air quality.” -

Toyota supports the recent predlctwe model Eroposal WhICh is an alternative to the CARB Phase
o II specifications. The prechctlve model will be effective in. rctalmng cxhaust emission system’
! _ _pcrformance : _ ,

;:' P ~The model corrcsponds to Toyota s wcw and the proposal mcludes an cfﬁecnvc cap standard

e

Were the capAto be excluded, Toyota would have the following concerns:
1. Effects on fuel specification change by fuel blending

« Without a cap, predictive model gasolines may not assure exhaust emission performance -
after blending.

2. Effects on exhaust emission performance durability

« Without a cap, predictive model gasolines may decradc emission system long-term
durability.

Accordingly, Toyota supports CARB's recent predictive model proposal accompanied by the cap.
In other words; a predictive model regulation without the cap cannot be acceptable for Toyota.

If you have any quesrz'ons; please contact John Shipinski of my staff at (313) 995-3754.

Sincerely,

o ) | Ed Brune
General Manager
Powertrain Department AA1

- 1588 Woodridge, RR #7, Ann Arbor, Michigan 48105 Telephone: (313) 995-2600





