
Appendix B 

Methyl Bromide Exposure and Risk Evaluations 

The exposure and risk evaluations for ARB’s methyl bromide monitoring in Kern County 
are not completed. 
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SUBJECT: EXPOSURES TO METHYL BROMIDE IN MONTEREY AND SANTA CRUZ 
COUNTIES BASED ON THE FALL 2001 MONlTORlNG BY THE CALIFORNIA 
AIR RESOURCES BOARD 

This memorandum gives inhalation exposures as average concentrations of methyl bromide in air for 24 
hour, l-week and g-week averaging periods, based on monitoring done by the California Air Resources 
Board in Monterey and Santa Cmz Counties in Fall 2001 (ARB, 2002). 

Methods 

Following the practice of the Worker Health and Safety (WXS) Branch, this memorandum reports 
arithmetic mean concentrations and tolerance limits estimated using lognormal methods Lognormality 
is assumed for environmental contaminan ts in most cases. DPR’s experience with many large 
enviromnental datasets has shown that they are usually well described by the lognormal distribution In 
addition, WHS prefers to avoid the inconsistency of using different exposure statistics based on sample 
characteristics. WHS uses the arithmetic mean concentration because the concentration of interest for 
exposure assessment is the overall concentration in all of the air that a person could breathe during the 
averaging period. The arithmetic mean concentration is the best estimate of the average mass of residue 
per unit of environmental medium; it is equivalent to compositing all of the samples and measuring the 
concentration of the mixture (Parkhurst, 1998). This is true regardless of the shape of the underlying 
distribution. 

No samples below the detection limit of 0.002 ppbv (7.2 ng/m3) were reported. Twenty samples with 
flow-rate deviations greater than 25% were not used in the analysis. There were ten cases where a site 
had usable samples for only two days in a week. The data were not adjusted for background levels 
(average 0.45 ppbv or 1737 ns/m) in 4 samples at a background site) or recovery (range 122% to 156% in 
laboratory, trip and field spikes). 

For each monitoring site separately, the maximum observed and the 95% tolerance limit for 24-br 
concentrations are given. The 95% tolerance limit is the concentration that, with given probability, will 
be exceeded in 5% of future samples (Hahn and Meeker, 1991). It is calculated using lognormal 
distribution methods: 

95% tolerance limit = exp{arithmetic mean of log concentrations + gt..,;,,:.,*(sd of logs)]. 

The multiplier g for 90% probability is tabled in Hahn and Meeker (1991). 

1001 I Street l P.O. Box 4015 l Sacramento. California 958124015 l w.w.cdpr.ca.gov 
A Deprtmment of the Callfomia Envimnmental Pmtection Agency 



Joseph Frank 
April 2,2002 
Page 2 

l-week exposure 

For each monitoring site separately, the maximum and the 95% tolerance limit for weekly mean 
concentrations are given. Each weekly mean is calculated as the arithmetic mean of the 24-hr samples 
taken at a site during the week (i.e., nomnonitoring days are ignored). The 95% tolerance limit for 
weekly mean concentrations is calculated using normal distribution methods: 

95% tolerance limit = arithmetic mean of week means + gc.w;.as: .,*(sd of week means). 

Normal methods are used in this case because sample means t?om any distribution tend to be normally 
distributed. 

B-week exposure 

For each monitoring site separately, average exposure over the 8-week monitoring period is calculated as 
the arithmetic mean of the weekly means (calculated as above for l-week exposure). 

Twenty-four-hour, l-week and 8-week concentrations are presented in Table 1. Daily concentrations and 
intermediate calculations are shown in Tables 2 and 2a. 

Table 1. Methyl bromide concentrations (ppbv) in Monterey and Santa Gnu Counties, 
8 September - 7 November 2001, based on monitoring by the California Air Resources Board 

Daily l-week S-week 
95% 95% MkSlll 

N Maximum tolerance Maximum tolerance of 
Site a &YS 24&r limit weeklyb mean limit weekly means 

_____________..__ ___-__-__- ______ ppbv --_-_-_-__-_____ 
CHU 29 1.84 2.08 1.16 1.40 0.56 
LIE 32 14.49 21.72 8.99 11.29 2.82 
MES 26 36.64 59.28 13.43 18.76 5.51 
PMS 30 21.08 21.10 10.47 12.50 2.99 
SAL 31 9.25 1.61 6.16 6.91 1.38 
SES 30 5.31 7.53 2.54 3.32 1.22 
a Monitoring sites described ia ARB (2002). 
b Each weekly mean is the arithmetic mean of the 24-br samples (n ranged 2 - 4) in a calendar week 

Exposure appraisal 

The average concentrations presented here are based on limited monitoring data and must be considered 
as having some degree of uncertainty. The representativeness of the six monitoring sites is unknown. 
Each site was monitored only 2 - 4 days per week for a relatively short (g-week) period. Weekend days 
were not monitored. It is unknown whether weekdays and weekends differ systematically in numbers of 
methyl bromide fumigations. 
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SUBJECT: REVISED EXPOSURES TO METHYL BROMIDE BASED ON THE FINAL 
REPORT ON THE 2001 MONITORING IN OXNARD/CAMARILLO AND 

r SANTA MARIA BY THE ALLIANCE OF THE METHYL BROMIDE 
INDUSTRY 

Exposures to methyl bromide in OxnardKamarillo and Santa Maria, based on the drafi report by 
the Alliance of the Methyl Bromide Industry (AMBI, 2002a), were reported previously (Powell, 
2002). In the ihl AMBI report (AMBI, 2002b), minor corrections to three data points from 
Oxnard! Camarillo have been made. There were no changes to the Santa Maria data This 
memo gives revised exposures based on the corrected data. All exposure calculations were as 
described in Powell (2002). Exposures are expressed as concentrations of methyl bromide in air 
for 24-hour, l-week and g-week averaging periods (Table 1). Daily concentrations and 
intermediate calculations are shown in Tables 2 and 3. 

Table 1. Methyl bromide concentrations (ppbv) in OxnardKamarillo and Sinta Maria, 
2001, based on monitoring by the Alliance of the Methyl Bromide Industry. 

Daily 1 -week a-week 
95% Maximurn 95% Mean of 

Site” da& 
Maximum tolerance weekly b tolerance weekly 

24.hr limit mean lihnit means 
Omard/Catmrillo (15 Aug- 10 Ott, 2001) 

PVW 31’ 
UWC 19 
SHA 29 
ABD 21 

~-l? ______________ 256; ___________ ppbv _________________ _ _________ - __________ 

4:35 8177 
2.01 2.59 0.56 
2.08 3.48 0.82 

2.94 c 2.43f 2.30* 2.55 It 0.50’ 
0.44’ 0.44 0.44’ 0.58 0.18 

BLO 31 
AGCCRS 28 
EDW 30 
PNT 24 

Santa Maria (23 Aug- 9 Ott, 2001) 
--..-_-------___---------------------- ppbv ___________________________________ __ 
4.55 4.85 1.89 2.25 0.73 
1.16 1.28 0.85 1.00 0.28 

11.15 10.57 6.49 7.10 1.32 
2.69 4.62 1.75 2.26 0.93 
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a Monitoring sites described in AMBI (2002b). 
b Each weekly mean is the arithmetic mean of the 24-br samples (n ranged 1 - 5) in a calendar we& 
c Changed from 30 days in draft version. 
d Changed Tom 2.68 ppbv in draft version. 
e Changed from 3.38 ppbv in draft version. 
f Changed corn 2.41 ppbv in draft version. 
g Changed corn 2.47 ppbv in draft version. 
h Changed t?om 2.73 ppbv in draft version. 
i Changed Tom 0.5 1 ppbv in draft version. 
j Measured in a week with only one 24-hr sample. 
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Table 2. Daily concentrations and intermediate calculations for Oaoard/CamariUo. 

Wed 
Thur 
Fli 

continued 
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Table 2. Continued. 

9 Average 0.07 0.06 0.08 0.08 

Mean of week means 0564 OS17 0.808 
SD of week mm 0.736 0.862 0.743 
Mar of week means 2.014 2.077 2.297 
n weeks 8 6 8 
95th %ite of week meem 196 255 191 
90% to1 hit on 95th %ile 2.59 3.48 255 
Mar of days 3.17 43.5 2.94 

DATE 1 Week Pmv uwc SEA AJlD 
?d.Cdl I 1 I I I 1 

7-o&01 9 -2.80 -2.73 -2.34 -3.17 
80ct.01 9 -3.04 -2.91 -3.02 -2.75 
9-act-01 9 -2.44 -2.73 -2.73 -2.2, 
Ioo.sll 9 -2.29 -2.70 -2.24 -2.20 

0.179 oveldl mm of day3 -1.43 
0.131 Owrall SD of days 1.14 
0.436 nhys 31 

6 
0.44 
0.53 
Od4 95th ?me or days 1.65 

90% to1 limit on 95th 2s 

-0.98 -1.69 -2.12 
1.41 123 0.64 

19 29 21 

437 151 034 
8.77 2.43 Od4 
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Table 3. Daily concentrations and intermediate. calculations for Santa Maria. 

Thw 
Fli 
sat 
SUn 

Mm 
TW 
Wed 
Thlr 

T”e 
Wed 
mlr 
Fri 

TUO 
Wed 
T!Jw 

16.S+ll ( 5 1 0.78 I I I 
5 Average I 0.79 1 0.19 1 0.91 1 1.06 

17-SeQbl I 6 I 0.31 I 0.14 I 0.54 I 0.57 MO” 

continued 
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Table 3. Continued. 

t I 7 Average I 1.89 0.45 1 6.49 1.33 

Wpek 

7 
7 

7 

I-od-ol 8 1 0.24 1 030 1 0.38 1 1.98 Mm I-Dct-01 8 -1.44 -0.11 
2-DotJl I 8 1 0.52 1 I.16 I 1 0.68 1 

1 1 1 
1 

1 6.98 
1 

1 0.68 
1.85 TW 2-ocl-01 8 6.65 1 0.15 1 -0.39 ( 0.62 

3ac*a, 8 I 0.24 
I 
I 0.48 

I 
I 0.72 1 1.43 1 Wed -1.45 j 1 ~Ml,’ 1 8 I I -0.74 I -152 I 0.36 I 4oct-o1 8 

s I I I I I 

-1.03 I 6.20 

_ .-.-. ” “.__ “.“_ 

6-act-01 9 0.58 0.08 1 0.36 ( 0.82 Sat 6-octOl 
1 I 

I 9 1 -%5i Txid- 
7-chw31 9 0.52 0.21 0.93 sun 
8-0&01 9 0.21 0.17 
9.ocMl 9 1.04 0.39 

9 Avenge 0.59 0.21 “A8 I.“6 

Mean of week mef,ts 0.73 028 1.32 093 ovcdl mean of days -0.86 -1.80 -0.37 -0.24 
SD of week means 0.55 026 2.10 0.48 Ovd SD of days 1.17 0.98 131 0.82 
Mar of week means 1.89 0.85 649 1.75 nbys 31 28 30 24 
n weeks 8 8 8 8 
95th%Ueofweekmems 1.77 0.77 539 1.95 
90% to1 limit on 95th %ile 2.25 1.00 7.10 2.26 95th %ue Of day* 3.10 01)7 6.42 3.24 
Mar of days 4.55 1.16 11.15 2.69 90% toi Limit on 95th 4.85 138 IO.67 4.62 
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Risk of methyl bromide exposure in Monterey and Santa Cruz counties based on 
California Air Resources Board monitoring in Fall 2001 

This memorandum coniains the estimation~of risk associated with the air concentration of methyl 
bromide detected in Monterey and Santa Cruz counties by the California Air Resources Board 
(ARB) during the Fall (September 8 - November 7) of 2001 (ARB, 2002). In addition, a 
comparison is made between~the risk estimates of year 2000 and 2001. 

The risk is expressed as the margin of exposure (MOE), the ratio of the toxicity threshold No- 
Observed-Effect Level (NOEL);o the exposure: 

MOE= ‘NoEL 
Exposure 

(Equation 1) 

The current assessment uses the same critical NOELs from animal toxicity studies as used in 
previous assessments (Lim, 2001). These NOELs were converted into human equivalence 
through accounting for the differences in breathing rates and exposure durations between 
laboratory animals and humans. The human equivalent NOELs are: 21 ppm and 25 ppm, 
respectively, for adult and children acute exposures; 12 ppm and 7 ppm, respectively, for adult 
and children l-week exposures; and 0.2 ppm and 0.1 ppm, respectively, for adult and children 6- 
week exposures (Lim, 2001). 

Year 2001 monitoring 

The air concentrations for three exposure scenarios are calculated by the Worker Health and 
Safety Branch (Powell, 2002) based on the ARB sampling taken in the Fall of 2001 (AR8, 
2002). Three sets of ambient air concentrations are available for the six monitoring sites: the 24 
hour daily maximum and 95% tolerance limit, the maximum weekly average and 95% tolerance 
limit, and the X-week average (Powell, 2002). The corresponding MOEs are presented in Table 
1 for children and Table 2 for adults. A MOE of 100 is generally considered adequate for the 
protection of human health. This loo-fold factor takes into account the potential lo-fold higher 
sensitivity of humans than animals on a dose per body weight basis, and a lo-fold inter- 
individual variation in sensitivity among humans. 
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Conclusion: The MOEs for both the 24-hour and the l-week exceed the benchmark of 100. 
Based on the highest daily and the 95% tolerance limit of concentrations, the MOEs for a 24- 
hour exposure ranged 422 - 13,587 for children and 354 - 11,413 for adults. Based on the : 
highest weekly average and the 95% tolerance limit of concentrations, the MOEs for a l-week 
exposure ranged 373 - 6,034 for children and 640 - 10,345 for adults. The children’s S-week 
MOEs are below 100 (ranged 18 - 82) for 5 of the 6 sites, with the exception of MOE of 179 for 
the CHU (Chualar school) site. The adults’ S-week MOEs are below 100 (ranged 36 - 71) for 3 
sites (LJE, La Joya Elementary School; MES, MacQuiddy Elementary School; PMS, Pajaro 
Middle School), and above 100 (ranged 145 357) for the remaining 3 sites (CHU; SAL, 
MBUAPCD Ambient Monitoring Station; SES, Salsepuedes Elementary School). The 
uncertainties in the calculated exposure concentrations are discussed in Powell (2002) regarding 
the limited and unknown representativeness of the monitoring data. The uncertainties in the 
toxicity data are discussed in Lim (2001) regarding the necessity of extrapolating from animal 
data and from the Lowest-Observed-Effect Level (LOEL) to the NOEL. 

Table 1. Children IMOES for methyl bromide exposure in Monterey and Santa Cruz Counties in 
2001” 

1/ Based on,the air concentrations calculated from the ARB monitoring during September 8 - 
November 7, 2001 (Powell, 2002). The monitoring sites were described in the ARB report 
(ARB, 2002). The MOE was the ratio of the NOEL to the exposure. The human-equivalent 
NOELs of 25 ppm, 7 ppm, and 0.1 ppm were used for calculating the 24-hour, 1 week, and 
&week IMOES (Lim, 2001). 
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Table 2. Adults MOEs for methyl bromide exposure in Monterey and Santa Cruz Counties in 
2001” 

SAL 1 31 2,270 1 2,760 1,737 145 

SES / 

1,948 / 

50 3,955 2,789 4,724 3,614 164 
a/ Based on the air concentrations calculated from the ARB monitoring during September 8 - 

November 7, 2001 (Powell, 2002). The monitoring sites were described in the ARB report 
(ARB, 2002). The MOE was the ratio of the NOEL to the exposure. The human equivalent 
NOELs of 2 1 ppm, 12 ppm, and 0.2 ppm were used for calculating the 24-hour, 1 week, and 
R-week MOEs (Lim, 2001). 

Yenr 2000 and 2001 cornpriSon 

Air concentrations for 5 of the 6 sites were also monitored in year 2000 (ARB, 2001). The 
corresponding MOEs were calculated (Lim, 2001) based on the exposure concentrations 
similarly estimated by Powell (2001). The year to year comparison of risk is expressed as the 
“2001/2000” ratio of MOEs. A less than one ratio (i.e., “2001/2000” < 1) indicates lower MOE 
for the year 200 1, corresponding to a higher air concentration. The comparison reflects the 
difference in air concentrations for the two year’s monitoring, regardless whether the ratio is 
derived from the corresponding sets of children’s or adults’ MOEs. The “2001/2000” ratio from 
children’s MOEs are presented for the 24-hour exposure (Table 3), l-week exposure (Table 4), 
and 7 - 8 -week exposure (Table 5). 

Conclusion: The “2001/2000” ratio varies from site to site, ranging from 0.8 to 3.1 for a 24-hour 
exposure, indicating a generally similar or lower air concentration at most sites during year 2001 
monitoring. The “2001/2000” ratio varies from 0.5 to 3.3 for a l-week exposure, with 2-fold 
higher l-week exposure at the SAL site (MBUAPCD Ambient Monitoring Station) and 2.2- to 
33fold lower exposure at the SES site (Salsepuedes Elementary School). Overall, these 24- 
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hour and l-week MOEs for both years exceed the benchmark of 100 for all monitoring sites 
(Table 3,4). The “2001/2000” ratios for a 7- to &week period are above cme (ranged from 1.2 to 
2.5) for 4 of the 5 sites in the comparison (except SAL site), also reflecting lower air 
concentrations in year 2001 as monitored. The ratio of 0.9 at SAL reflects a 10% higher year 
2001 air concentrations for the 7- to S- week period. Except CHU (Chualar school) and OAS 
(Oak Avenue school) sites, the children MOEs for both years for all other sites are below the 
benchmark of 100 considered as adequate for the protection of health. 

Table 3. Comparison of the 24.hour MOEs for year 2000 and 2001a 

Sites 
Maximum 24 hours 95% upper limit 

2001 2000 I 2001/2000 I/ 2001 2000 I 200112000 

The MOEs for year 2001 is taken from Table 1. The MO& for year 2000 are taken from the 
risk calculation by Lim (2001). Values represent the MOEs for children. 
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Table 4. Comparison of the l-week IMOES for year 2000 and 2001” 

SES 2,756 1 843 1 3.3 / j 2,108 940 2.2 

OAS / - 6,931 ii 7,625 - 
3/ The MOEs for year 200 1 is taken from Table 1. The MOEs for year 2000 are taken from the 

risk calculation by Lim (2001). Values represent the MOEs for children 

Table 5. Comparison ofthe 7- to X-week MOEs for year 2000 and 2001” 

Sites 
Mean of weekly means 

2001 2000 2001/2000 

PMS 33 13 2.5 

SAL 72 78 0.9 

SES 82 38 2.2 

OAS 258 
“i The MOEs for year 2001 is taken from Table 1. The MOEs for 

year 2000 are taken from the risk calculation by Lim (2001). 
Values represent the MOEs for children. 
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SUBJECT: Risk of methyl bromide exposure in OxnardKamarillo and Santa Maria based on 
the Alliance of the Methyl Bromide Industry monitoring in Fall 2001 

This memorandum contains the estimation of risk associated with methyl bromide air 
concentrations detected in OxnardKamarillo and Santa Maria areas by the Alliance of the 
Methyl Bromide Industry (AMBI) (AMBI, 2002a and b). Monitoring was performed from 
August 15 to October 10,200l in the OxnardKamarillo sites, and from August 23 to October 9, 
2001 in Santa Maria sites. 

The risk is expressed as the margin of exposure (MOE), the ratio of the toxicity threshold No- 
Observed-Effect Level (NOEL) to the exposure: 

(Equation 1) 

The current assessment uses the same critical NOELs from animal toxicity studies as used in 
previous assessments (Lim, 2001). These NOELs were converted into human equivalence 
through accounting for the differences in breathing rates and exposure durations between 
laboratory animals and humans. The human equivalent NOELs are: 21 ppm and 25 ppm, 
respectively, for adult and children acute exposures; 12 ppm and 7 ppm, respectively, for adult 
and children l-week exposures; and 0.2 ppm and 0.1 ppm, respectively, for adult and children 6- 
week exposures (Lim, 2001). 

Year 2001 monitoring 

The air concentrations were calculated by the Worker Health and Safety Branch (Powell, 2002a 
and b) based on the AMBI sampling taken in the Fall of 200 1. The MOEs were calculated based 
on the revised ambient air concentrations in the final AMBI report (AMBI, 2002b) for the eight 
monitoring sites: the 24.hour daily maximum and 95% tolerance limit, the maximum weekly 
average and 95% tolerance limit, and the &week average (Powell, 2002b). The corresponding 
MOEs are presented in Table 1 for children and Table 2 for adults. A MOE of 100 is generally 
considered adequate for the protection of human health. This loo-fold factor takes into account 
the potential lo-fold higher sensitivity of humans than animals on a dose per body weight basis, 
and a lo-fold inter-individual variation in sensitivity among humans. 
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Conclusion: The MOEs for both the 24.hour and the l-week methyl bromide air concentrations 
from all sites exceeded the benchmark of 100. Based on the highest daily and the 95% tolerance 
limit of concentrations, the MOEs for a 24.hour exposure ranged 2,242 to 56,s 18 for children 
and 1,883 to 47,727 for adults. Based on the highest weekly average and the 95% tolerance limit 
of concentrations, the MOEs for a l-week exposure ranged 986 to 15,909 for children and 1,690 
to 27,273 for adults. For the &week mean methyl bromide air concentrations, the children 8- 
week MOEs exceeded 100 (ranged 108 to 556) for 7 of the 8 sites, with the exception of MOE of 
76 for the EDW (United Water Cons. District #2) site. The adults’8-week MOEs exceeded the 
benchmark and ranged from 152 to 1,111. The uncertainties in the calculated exposure 
concentrations were discussed in Powell (2002a) regarding the limited and unknown 
representativeness of the monitoring data. In addition, Powell (2002a) noted that the timing and 
location of nearby methyl bromide applications were not yet known for the monitoring period. 
Monitoring at the Oxnard UWC site was intentionally skipped during two weeks when 
fumigation were occurring nearby. The uncertainties in the toxicity data are discussed in Lim 
(2001) regarding the necessity of extrapolating from animal data and from the Lowest-Observed- 
Effect Level (LOEL) to the NOEL. 

Table 1. Children MOEs for methyl bromide exposure in OxnardKamarillo and Santa Maria 
areas in 2001” 

Site “ 

Daily l-Week 8-Week 
Monitored 
days OV Maximum 95% Maximum 95% Mean of 

24-hr tolerance weekly tolerance weekly 
limit mean limit means 

I / I I I 

OxnardKamarillo sites (August 15 to October 10, 2001) 
PVW 31 7,886 9,766 3,483 2,703 179 
uwc 19 5,747 2,85 1 3,365 2,011 122 

SHA / 29 8,503 / 10,288 1 3,043 1 2,745 / 200 
ABC 21 56,818 56,818 

Santa Maria sites (August 23 to October 9, 2001) 

BLO 31 5,495 5,155 

15,909 12,069 556 

3,704 3,111 137 

AGCCRS 28 21,552 19,531 8,235 7,000 357 

EDW 30 2,242 2,365 1,079 986 76 

PNT 24 9,294 5,411 4,000 3,097 108 
a/ Based on the air concentrations calculated from the AMBI monitoring during: the Fall of 2001 (Powell, 2002h) 

The monitoring situ were described in the final AMBI report (AMB< 2002;). The MOE was the ratio of the 
NOEL to the exposure. The human-equivalent NOELs of 25 ppm, I ppm, and 0.1 ppm were used fa 
calculating the 24.hour, I week, and X-week MOEs (Lim, 2001). 
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Table 2. Adults MOEs for methyl bromide exposure in OxnardICamarillo and Santa Maria areas 

c 
t 

ti L 

L 

i 

Site ’ 

2001” 

Monitored 
days 0) 

Daily I l-Week 1 8-Week 

Maximum 
24-hr 

95% 
tolerance 

limit 

Maximum 95% 
weekly tolerance 
mean limit 

Mean of 
weekly 
means 

3xnardKamarillo sites (August 15 to October 10, 2001) 
PVW 31 6,625 8,203 5,970 4,633 357 

uwc 19 4,828 2,395 5,769 3,448 244 

SHA 29 7,143 8,642 5,217 4,706 400 

ABC 21 47,727 47,727 27,273 20,690 1,111 

Santa Maria sites (August 23 to October 9, 2001) 
BLO 31 4,615 4,330 6,349 5,333 274 

AGCCRS 28 18,103 16,406 14,118 12,000 714 

EDW 30 1,883 1,987 1,849 1,690 152 

PNT 24 7,807 4,545 6,857 5,310 215 
r/ Based on the air concentrations calculated from the AMBI monitoring during the Fall of 2001 (Powell, 2002b 

The monitoring sites were described in the final AMBI report (AMBI, 2002b). The MOE was the ratio of the 
NOEL to the exposure. The human equivalent NOELS of 21 ppm, 12 ppm, and 0.2 ppm were used for 
calculating the 24.hour, 1 week, and 8.week MOEs (Lim, 2001). 
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