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Abstract

The California Air Resources Board (ARB) has initiated several neighborhood assessments in an effort to learn more about the public health risks due to air pollution.  As part of these efforts and because of community concerns, ARB conducted a special study to monitor hexavalent chromium in December 2001, in Barrio Logan, a community in San Diego.  Barrio Logan is located in a mixed land use area, consisting of single family residences, apartment complexes, and businesses.  Business activities in the area include chrome plating, machine fabricating, marine repairs, welding, and furniture refinishing.  ARB staff worked in partnership with the San Diego County Air Pollution Control District (SDAPCD), community members, community groups, local businesses, and officials to conduct this neighborhood monitoring project.

The primary objective of the initial two-week project was to understand exposure of neighborhood residents to air pollution in a mixed land use community.  However, the study uncovered unexpectedly high levels of hexavalent chromium, about 175 times higher than the statewide average, in the vicinity of two controlled chrome plating facilities and other potential sources of hexavalent chromium.  Consequently, ARB staff resumed ambient hexavalent chromium monitoring in February 2002, which continued through May 2002.  The objectives included a continuation of monitoring to understand neighborhood exposure but added diagnostic monitoring to answer questions about the facility or facilities responsible for the high exposure.  The sampler configuration evolved during this phase of the monitoring project.  The network was expanded to include indoor and outdoor monitoring and source tests of the two chrome platers in the area.  Dispersion modeling was used to confirm areas of maximum impact of the two chrome facilities and help site additional monitors.  The monitoring results showed a strong relationship between the emissions at one of the facilities and the high outdoor concentrations at one of the residences.  The high levels of hexavalent chromium were traced to one plater and continued until a restraining order was issued against the facility.  That facility has now been closed permanently.

INTRODUCTION

Barrio Logan is a community of about 5,000 people within the San Diego area that is bounded by freeways, the Coronado Bridge, and the San Diego Bay.  The community is primarily Hispanic, with income levels below the county average.1  The neighborhoods in Barrio Logan are typical of many areas with mixed-use land practices where homes are in close proximity to a variety of commercial and industrial uses.  Community leaders and environmental groups in Barrio Logan have voiced concerns for several years that the people in that community are experiencing a higher exposure to airborne toxic air contaminants due to their close proximity to freeways, nearby ship repair facilities, and a variety of other commercial and industrial sources.  

In 1999, the ARB began a 17-month study of air toxics to better understand the impacts of air pollution sources on this low-income, minority community.  Air quality measurements were collected at Memorial Academy Charter School in Barrio Logan for this study.   As that study neared conclusion, the monitoring results showed that, in general, the air in Barrio Logan measured at Memorial Academy Charter School was comparable to other monitoring data in the greater San Diego area.2  However, the ARB realized that the monitoring that had been conducted may not adequately represent exposure to air toxics emitted from near-by sources in the mixed land–use area at a closer neighborhood level.  A special short-term neighborhood scale monitoring study was planned for December 2001 to focus on hexavalent chromium, a toxic air contaminant of special concern to the community.  Six monitoring sites were selected that were close to two chrome plating facilities, a large hard chrome plating facility and a smaller decorative plater.  Between and adjacent to these two chrome plating facilities are private residences, with a large apartment complex within a few hundred feet.  Figure 1 is a photo that shows the private residence between the two plating facilities where several of the ambient monitors were placed.

Figure 1:  Photo of the Private Residence between Platers
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Photo of private residence between decorative chrome plater (on the right) and hard chrome plater (on left) in Barrio Logan.

During the two weeks in December, unexpectedly high 24-hour concentrations of hexavalent chromium, up to 22 nanograms per cubic meter (ng/m3), about 175 times the statewide average, were detected on several days at the residences adjacent to and across the street from the two chrome plating facilities.  Only once in the past ten years was a concentration that high recorded anywhere in the State.  

Within this Barrio Logan neighborhood are several potential sources of hexavalent chromium, including the metal plating facilities, welding, and painting operations that may use chrome-based paints.  The ARB quickly formed an action plan for continued monitoring, in consultation with the SDAPCD, community leaders, and local government officials, to determine the source of the emissions of this public health threat.  This paper describes how the spatial configuration of the monitoring network and sampling durations were changed over the course of the study as the objectives of the monitoring changed from determining ambient exposures to pinpointing the source of the hexavalent chromium emissions.  The special study, originally planned as a two-week endeavor that began in December 2001, lasted almost a half-year.  The network design went through several configurations as the story unfolded and a definite source of emissions was identified.  The sampling protocol, complete discussion of sampling configurations, and the raw data are all included in the Air Resources Board report entitled Ambient Air Monitoring for Hexavalent Chromium and Metals in Barrio Logan.  The air monitoring data presented below are all from that report.3
A CHANGING NETWORK 

The December Study

At the beginning of this study, the objective was to determine the ambient concentrations of hexavalent chromium to which the residents of this Barrio Logan neighborhood were being exposed.  During the initial monitoring in December, the outdoor air was sampled at six locations (including a duplicate sampler at one location for quality assurance purposes) for 24-hour periods near the two chrome plating facilities.  The hard chrome plater is a large, well-controlled operation that utilizes a combination of controls to remove hexavalent chromium emissions, including fume suppressants, separate ventilation systems, and high efficiency filters.  The decorative plater is a much smaller facility that uses fume suppressants as their only control technique.  Both facilities met the air quality regulation requirements for hexavalent chromium emissions using appropriate emission controls.  Shown below in Figure 2 is a map of the sampler locations in relation to the two plating facilities.

Figure 2.  Map of December Sampler Configuration
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Sampling was conducted in December for 13 days, during which measurable amounts of hexavalent chromium were found on one third of the samples collected.  At one of the sampling locations in the alley between the two facilities, an extremely high concentration of 22 ng/m3 was detected.  Exposure to the average hexavalent chromium level (0.98 ng/m3) from all the samples measured in December could result in about 150 additional chances of cancer per million people exposed continuously over a 70-year lifetime.  To put this into perspective, the statewide average for hexavalent chromium in 2001 was 0.13 ng/m3 with a corresponding potential cancer risk of about 20 in a million.  Table 1 contains a summary of the data for this December sampling period.

Table 1.  Summary of December Ambient Air Monitoring Results (24-hour samples)

Sampling Location
December  3 - 17, 2001


No. of samples
Hexavalent Chromium (ng/m3) 1
Average2     Highest

Location 1 (house between platers)
13
1.44
9.3

Location 2 ( vacant lot across street)
13
0.37
3.6

Location 2c (duplicate at vacant lot)
11
0.38
3.2

Location 3 (across street from plater)
12
0.84
7.9

Location 4 (down street from platers)
13
0.62
4.8

Location 5 (alley between platers)
13
2.78
22.0

Location 6 (apartment parking lot)
12
0.24
1.0




Average of all samples2
0.98

Average cancer risk for all samples
147

Average statewide concentration  (2001)
0.13

Average statewide risk 
19

1 Nanograms per cubic meter 

2 In calculating the average concentrations, all samples below the level of detection (0.2 ng/m3) are assumed to be 0.1 ng/m3.

3 Estimated cancer risk represents the chances of developing cancer assuming a person is continuously exposed to the average concentrations for a 70-year lifetime.

Conclusions regarding the source of emissions from the analysis of this initial data were difficult due to the small number of samples and multiple sources in the area.  While the two chrome plating facilities seemed to be an obvious source, both had the required air pollution controls, and other sources nearby could not be ruled out at the time.  Unannounced inspections at both chrome plating companies were performed to determine whether either business was violating current air pollution laws.  No violations of the control equipment were found.  Both platers were in compliance with the current control measure for chrome platers, which has tiered requirements for different sizes and types of chrome plating operations.  A search of the neighborhood to identify any other potential activities, in addition to the chrome platers, that might release hexavalent chromium into the air was also conducted.  No other sources were identified, with the exception of a few small welding operations using non-stainless steel rods that were not expected to emit significant quantities of hexavalent chromium.  

One of the most puzzling aspects of this first set of data was the inconsistent nature of the readings.  No apparent emission patterns could be identified.  One day could have very high readings, while the next day resulted in a non-detectable level at the same sampling site.  Little operational information about the two facilities was known.  Plans were established for additional air monitoring and for gathering data on the chrome plating operations.  

Special Monitoring Necessary to Meet Objectives

Expanding the Monitoring 

It was clear after the results from the December sampling were known that additional sampling was needed.  The monitoring objectives now included determining the ambient concentrations that the public was exposed to, determining if the levels detected in December would continue, and determining the source of the emissions.  Activity data from the platers were gathered and the number of samplers was expanded.  Sampling durations were changed to match plant operations and now included indoor and total metals monitoring.  Four additional ambient monitors were added to the original six site 24-hour sampling network to add more diagnostic monitoring to help determine the specific source of the emissions.   

The 24-hour samples were appropriate to establish exposure information.  However, additional monitors were added for diagnostic purposes.  The 12-hour sampling was begun in an attempt to determine at what time of the day, or night, the emissions were occurring to help identify the source.  The 12-hour monitoring occurred at two locations; Location 1, at the private residence between the plating facilities, and Location 4, down the street.  

Two 24-hour samplers for total metals were also added at Locations 1 and 5 to determine a unique “fingerprint” of the emissions from a source.    For example, nickel is used in the process of decorative plating.  If elevated nickel levels were detected, the decorative plater would be the likely source.  In addition, the ratio of total chrome to hexavalent chromium taken indoors would uniquely depict a facility, and if that ratio were found in nearby outside samples would implicate that facility as the source.

Indoor sampling also began for hexavalent chromium inside both plating facilities.  Total metals data were also acquired from the samples collected inside the decorative plater.  These samples were collected for 8-hours initially, during normal business hours.  The new configuration of the sampling network is shown in Figure 3 below.

Figure 3:  Expanded Network Configuration
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In addition to the monitoring, the ARB and SDAPCD staff collected operational data regarding the work at the two facilities.  This included the number of ampere-hours (amp-hrs) generated by the platers to relate plant operations to monitored air data.  The large hard chrome facility plated daily, including overnight.  The decorative plater, being a much smaller operation, typically plated towards the end of the week, usually Wednesday through Friday.  Residents in the area were asked to keep notes about unusual activities, including activity in the buildings or plating occurring at night or on weekends.  

The data collected during this time showed lower overall concentrations of hexavalent chromium from the 24-hour samplers, but still at levels of concern.  However, some patterns began to emerge.  The highest frequency of samples over the level of detection for hexavalent chromium occurred at Locations 1 and 5, the sites located between the two platers.  These locations also had the highest outdoor concentrations.  Typically, the higher concentrations were recorded on days towards the end of the week.  However, elevated concentrations were sometimes noted on Sundays or Mondays.  When the meteorological conditions were taken into consideration, elevated concentrations were also more noticeable on west wind days. 

The data collected in February and early March and the series of patterns and relationships that were emerging indicated that the decorative plater was the most likely source of emissions.  Figure 4 shows a plot of the 12-hour ambient hexavalent chromium concentrations at Location 1 and Location 4, compared to the indoor concentrations and amp-hour readings from the plating tanks at the smaller decorative plater.  Twelve-hour concentrations were used because the sampling times more closely correspond to the sampling time of the 8-hour samples taken inside that facility.  Also shown are the reported wind directions.  This figure shows that during times of active plating at the decorative plater, as confirmed by amp-hour readings, there were elevated indoor concentrations and corresponding elevated outdoor concentrations of hexavalent chromium detected downwind at Location 1.  Conversely, on several days when plating occurred when winds were southerly, the monitors indicated more typical background levels.  This further confirmed the upwind source from the severely impacted site was the decorative plater.

Figure 4:  Indoor Results at the Decorative Plater versus Ambient 12-Hour 

    Hexavalent Chromium 
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Average levels of hexavalent chromium inside the decorative plater were about 300 ng/m3 during the study period, about ten times higher than that measured inside of the hard chrome plater.  These measurements were taken inside the decorative plater near the exhaust fan in the front of the building.  The emissions of hexavalent chromium in the decorative plater were directly emitted outdoors through open doors and the exhaust fan.  In comparison, the indoor air at the hard chrome plating facility was under negative pressure and emissions were directed through the control system before being exhausted into the outside air.

On the same days that indoor measurements were taken at the hard chrome plater, the outlet stacks of the air pollution control equipment of that facility were also tested.  The results of the test showed that all samples were below detectable levels of hexavalent chromium.  These results verified that the control equipment was operating effectively and was in compliance with air pollution control laws during the time of the testing.  Standard “source tests” were not conducted at the decorative plater because it does not have outlet stacks, thus the indoor monitoring was done at the exhaust fan.  The decorative plater was not required to have the same type of control equipment as the hard chrome plater under current California air pollution regulations due to the nature and size of its operations.
To further test the premise that the smaller plater was the primary contributor to emissions, near source modeling was conducted by ARB staff using the ISCST3 Model.  The goal was to determine where the expected maximum impacts would occur from a chrome plating facility treated as a volume source that had no stack emissions.  ARB staff recognizes the limitations of the model for this type of near source analyses.  However, it was another diagnostic tool that was used in this study to supplement the data being collected at the monitors.  The results of the model are shown in Figure 5 below and assume daytime release of emissions with a prevailing west wind.  

Figure 5:  Near Source Modeling at Barrio Logan

The model confirmed that the concentrations of hexavalent chromium would impact Location 1 the greatest and drop off quickly from the point of release.  This was consistent with the ambient data gathered through the six ambient monitors which showed the highest and most frequent concentrations at the monitor closest to the plating facilities. 

Several analyses of the data collected during this timeframe were performed to provide additional verification that the smaller decorative plater was the predominant source of hexavalent chromium.  One analysis looked at the ratios of hexavalent chromium to total chromium collected inside the decorative plater as compared to the samples collected at Location 1.  Typical ambient ratios of hexavalent chromium to total chromium are on the order of five to 10 percent.  Inside the decorative chrome plater the ratio of hexavalent chromium to total chromium was between 80 to 90 percent.  At Location 1, the ratio of hexavalent chromium to total chromium was between 50 and 60 percent, indicating that a strong source of hexavalent chromium was near.  The occurrence of high hexavalent chromium to total chrome ratios coinciding with the indoor samples from the decorative plater and at Location 1 further confirmed the emissions were from the decorative plater.  Shown in Figure 6 is a plot of this ratio. 
Figure 6:  Ratio of Hexavalent Chromium (Cr6) to Total Chromium versus Ampere-hours (Amp hours)


The ARB also compared nickel concentrations from the total metal samples collected at Location 1 and inside of the decorative plater to those collected in an earlier study at Logan Memorial Academy in Barrio Logan2.  Nickel was considered to be a general marker for emissions from the decorative plater as nickel is part of their plating process.  The ambient concentration of nickel from the samples collected at Location 1 were three to five times higher than the average of those collected at Memorial Academy Charter School. 

Further review indicated that there significant concentrations on some days, especially Mondays, when the smaller plater was not actively plating.  To further test our hypothesis that the decorative plating shop was the predominant source of emissions, the network was once again reconfigured and data analyses were conducted to look at the relationships.  

Focusing the Monitors

As the study proceeded, the two sampling locations between the chrome platers, Locations 1 and 5, continued to record the highest and most frequent outdoor concentrations of hexavalent chromium.  These sites were east of the decorative plater, placing them directly downwind during prevailing wind conditions.  The objective of the monitoring was once again changing.  The elevated concentrations were continuing and the impacts of the emissions were close to the platers.  The new objective became to confirm that the small decorative plater was the source.  

In early March, 24-hour sampling at sites with consistently low concentrations was discontinued.  This allowed resources to be shifted to the high concentration site locations and configured to confirm the specific source responsible for the high readings.  These two locations were considered to be sufficient to continue our exposure assessment.  Twelve hour samples were added to the alley, Location 5, for continued diagnostic analyses.  Inside monitoring was also expanded at the decorative plater to include the weekends, when the business was closed, to investigate the Monday morning observations of elevated concentrations when no plating was presumed to be done.  Sampling frequency was also changed inside the decorative plating facility from 8-hour to 12-hour and 24-hour samples to coincide with the outdoor samples.  Indoor monitoring at the hard chrome plater was also discontinued during this time.  Figure 7 depicts the consolidated spatial configuration of the monitoring.

Figure 7:  Consolidating the Monitoring






The highest and most frequent concentrations were seen at Location 1 on west wind days.  Because of this, the staff compared the indoor data from the decorative plater to the outdoor data collected on the west wind days. The decorative plater is just to the west of Location 1.  The relationship that we had begun to see in February (see Figure 4) between indoor concentrations and outdoor levels, especially on west wind days, grew even stronger.  This relationship is shown below in Figure 8.  The correlation coefficient for this analysis is 0.86.

Figure 8:  Cr6 Comparison of Concentrations from Location 1 and Indoors at the Decorative Chrome Plater on West Wind Days 


On March 18th, San Diego County (the County) filed a petition with the San Diego Superior Court for a preliminary and permanent injunction against the decorative plater.  The County had filed several hazardous waste violations against that facility in the past.  On March 25th, the San Diego Superior Court issued a temporary restraining order for the plating facility to discontinue chrome plating until further legal notice, but allowed the facility to remain open for other business.  This created a unique opportunity to continue monitoring both indoors and outside before and after the shutdown of the chrome plating operation. 

Figure 9 shows the correlation of indoor hexavalent chromium emissions to outdoor concentrations at Location 1 after the court ordered halt of chrome plating at the decorative shop.  After the closure of the decorative plater, it was expected that little or no hexavalent chromium would be detected by the indoor or outdoor monitors.  However, there were days when concentrations above the level of detection were found.  Most notable, on April 6th, an extremely high concentration was detected both inside the decorative plating facility (2315 ng/m3) and correspondingly at Location 1 (22 ng/m3).  This event can be seen on Figure 9 below. 

Figure 9:  Cr6 Concentrations after Decorative Plating Stops Plating


The relationship between indoor concentrations at the decorative plater and outdoor concentrations measured at Location 1 on west wind days also became more evident after the halt of plating at the facility.  While there was a strong correlation of indoor to outdoor concentrations while plating was occurring on west wind days (correlation coefficient 0.86) as seen in Figure 8, after the temporary restraining order was issued and plating stopped, the correlation became even stronger as seen in Figure 9 (correlation coefficient 0.96 once outlying data of April 6 is excluded to remove bias).

The non-plating source of emissions was suspected to be housekeeping activities, such as painting and sweeping, and construction inside the facility unrelated to chrome plating.  The confirmation appeared in dust samples collected by the ARB and SDAPCD in the area around and inside the chrome plating facility.  Some of the dust samples taken inside the decorative plating shop showed very high concentrations of hexavalent chromium.  One sample collected near the chrome plating tank measured over 8000 milligrams per kilogram.  Interviews with the shop personnel confirmed that housekeeping and construction activities were occurring on the days when some of the elevated ambient concentrations were measured.  We had not expected hexavalent chromium to come from anything other than the plating itself.  That fugitive dust was a secondary source of hexavalent chromium in the ambient air was surprising.  However, it made sense and also explained some of the unusual elevated readings that were occurring on days when plating was not being conducted at the decorative shop, such as Monday mornings.     

A Final Configuration 

While the answer was now apparent that the predominant source of emissions was the smaller decorative plating facility, questions were still raised about the impact of emissions from the larger hard chrome plating operation.  The final objective of the study was to determine the magnitude of impact from this facility and to confirm whether the larger hard chrome facility had a role in the neighborhood hexavalent chromium levels.  

ARB staff modeled emissions based on the source test data from the hard chrome plater and used the stack parameters associated with their control equipment.  Both nighttime and daytime releases were modeled because of the 24-hour operations of that facility and the diurnal nature of the wind flow.  The results are shown in Figures 10 and 11 below.  The modeling showed that the emissions from the hard chrome plater would most likely impact areas further away from the facility and in areas not previously monitored.  

Figure 10:  Near Source Modeling of the Hard Chrome Plater of Daytime Release


Figure 11: Near Source Modeling of the Hard Chrome Plater of Nighttime Release


The final monitoring configuration in this study added four additional monitors at locations most likely to be impacted by the hard chrome plating facility emissions.  Two monitors were added in the area impacted during a daytime release (darkest shaded area in Figure 10) and two were added in the area of highest impact for nighttime release (darkest shaded area in Figure 11).  Operating records from the hard chrome plater confirmed they maintained plating at comparable levels to the earlier period of high concentrations.  The monitors collected data over a two-month period.  Few of the samples had concentrations over the level of detection.  

CONCLUSION

The intensity of the monitoring effort was substantial.  Ambient sampling occurred on almost a daily basis beginning in early February 2002, and about 600 outdoor air samples were taken over the next three months, more than what is normally collected from the entire statewide air monitoring network that the ARB operates for hexavalent chromium annually.  The monitoring configuration evolved as our objectives changed over the course of the study.  To answer the questions, many adjustments were made to sampling durations and spatial distribution for the monitoring.  Some monitors were used for exposure assessment, while others were necessary as a diagnostic tool to answer questions about the source.  Other tools such as modeling were utilized to maximize the efficiency of our efforts.  As information unfolded and new questions were asked, the network had to remain responsive.  

While the Barrio Logan study is now complete, our work is not done.  ARB surveys show that there are many chrome plating operations situated close to residents and schools across the State.  Therefore, the ARB is revisiting the State’s current airborne toxic control measure for chrome plating to determine if fume suppressants are as effective as once believed and if more stringent requirements are needed.  In particular, the need for improved housekeeping practices are being evaluated as means to reduce the potential for hexavalent chromium emissions in fugitive dust.  The knowledge gathered will potentially reduce health risks in many communities across the State.  

Note:  The decorative plater monitored in this study was permanently shut down in October 2002 pursuant to a settlement agreement with the San Diego Superior Court.
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