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This memorandum gives inhalation exposures as average concentrations of 1,3-dichloropropene
(1,3-D) in air for 24-hour, 1-week and 9-week averaging periods, based on monitoring done by
the California Air Resources Board in Kern County in Summer 2001 (ARB, 2002). This
memorandum replaces HSM-02020, which reported concentrations calculated substituting one-
half the limit of quantitation (LOQ) for measurements above the limit of detection (LOD) and
below the LOQ. The more standard practice of substituting the mid-point between the LOD and
LOQ has been used in the present memorandum, resulting in small changes in the weekly means
and the 95 percent tolerance limits for days and weeks.

Methods

Following the practice of the Worker Health and Safety (WHS) Branch, this memorandum
reports arithmetic mean concentrations and tolerance limits estimated using lognormal methods.
Lognormality is assumed for environmental contaminants in most cases. DPR’s experience with
many large environmental 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.

Of 240 samples, 47 were below the limits of detection for both cis-1,3-D (LOD = 0.002 ppbv)
and trans-1,3-D (LOD = 0.003 ppbv); 119 samples contained quantifiable amounts of both cis-
and trans-1,3-D (the limits of quantitation (LOQ) were 0.010 and 0.014 ppbv, respectively).
Before cis- and trans- concentrations were summed to get total 1,3-D for each sample, one-half
the LOD was substituted for an isomer below the LOD, and the mid-point between the LOD and
LOQ was substituted for an isomer below the LOQ.

Forty-six samples with flow-rate deviations greater than 25% were excluded from the analysis.
When there were two samples taken at a site on the same day, the arithmetic mean of the two
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values was used. In three instances, a site had a usable sample for only one day in the week.
One site had no data for the first week of monitoring. The data were not adjusted for recovery
(average 80% in 8 laboratory spikes, 86% in 8 trip spikes and 77% in 8 field spikes).

24-hr exposure

For each monitoring-site separately, the maximum observed and the 95% tolerance limit for 24-
hr 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 + g 90. 95, n)*(sd of logs)}.

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

1-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., nonmonitoring 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 + g (90,95, n)*(sd of week means).

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

9-week exposure

For each monitoring site separately, average exposure over the 9-week monitoring period is
calculated as the arithmetic mean of the weekly means (calculated as above for 1-week
exposure).

Results

Twenty-four-hour, 1-week and 9-week concentrations are presented in Table 1. Daily
concentrations and intermediate calculations are shown in Table 2.
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Table 1. 1,3-dichloropropene concentrations (ppbv) in Kern County,
30 June — 30 August 2001, based on monitoring by the California Air Resources Board.

Daily 1-week 9-week
95% Maximum 95% Mean of
N Maximum tolerance weekly b tolerance weekly
Site “ days 24-hr limit mean limit means
ppbv
ARB 32 0.15 0.28 0.07 0.09 0.04
ARV 25 21.11 4.29 8.33 8.29 0.99
CRS 32 0.60 0.25 0.17 0.18 0.04
MET 29 3.00 1.07 1.26 1.26 0.18
MVS 26 1.64 1.90 0.55 0.71 0.19
VSD 27 7.95 3.11 2.36 2.62 0.44

a Monitoring sites described in ARB (2002).
b Each weekly mean is the arithmetic mean of the 24-hr samples (n ranged 1-4) 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 1 - 4 days per week for a relatively short (9-week)
period. Weekend days were not monitored. It is unknown whether weekdays and weekends
differ systematically in numbers of 1,3-D fumigations.
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Table 2. Daily concentrations and intermediate calculations for Kern County sites.

Date

30-Jun-01
1-Jul-01
2-Jul-01

6-Jul-01
7-Jul-01
8-Jul-01

13-Jul-01
14-Jul-01
15-Jul-01
16-Jul-01

21-Jul-01
22-Jul-01
23-Jul-01
24-Jul-01

29-Jul-01
30-Jul-01
31-Jul-01
1-Aug-01

6-Aug-01
7-Aug-01
8-Aug-01
9-Aug-01

continued

Week

_ A

1 Average
2
2
2
2 Average
3
3
3
3
3 Average|
4
4
4
4
4 Average
5
5
5
5
5 Average|
6
6
6
6

6 Average|

ARB ARV CRS MET MVS VSD ARB ARV CRS MET MVS VSD
ppbv In(ppbv)

0.0024 0.0024 0.0024 604  -6.04 -6.04

0.0024 0.0024 0.0024 0.0024 -6.04 604 604 -6.04

0.0024 0.0024 0.0024 -6.04 -6.04 -6.04

0.0024 0.0024 0.0024 0.0024 0.0024

0.0143  0.0197 0.0143 0.0143 425  -393  -425 -4.25

0.0072 21.1112 0.0024 0.0207 0.3104 -4.93 305 -6.04 -3.88 -1.17

0.0083 3.8691 0.0024 0.0143 0.4199 0.3427, -4.79 135 -6.04 -425 -087  -1.07

0.0099 8.3333 0.0063 0.0164 0.4199 0.3265

0.0401 0.0729 0.0306 0.1321 0.0246 322 262 349 -2.02 -3.70

0.0314 0.0143 0.1578 -3.46 -4.25 -1.85

0.0143  0.3170 0.0083 0.0143 0.0763 0.0457, 425 115 -479 -425 -257  -3.08

0.0024  0.4554 0.0143 0.1329 0.1043 6.04  -0.79 425 =202  -2.26

0.0220 0.2817 0.0177 0.0536 0.1046 0.0831

0.0406 0.1611 0.0143 0.0143 0.4647 1.3563 320 183  -425 -425  -0.77 0.30

0.0904 0.0622 0.0316 0.0143 0.0885 0.1164 240 278 345 425 243 215

0.0143 0.0143 0.0143  0.0296 -4.25 -4.25 425  -352

0.0143  0.0902 0.0024 0.0143 1.6440 7.9460 425 241  -6.04 -425 050 2.07

0.0399 0.1045 0.0156 0.0143 0.5529 2.3621

0.0143 0.0674 0.0143 0.0143 0.1955 0.2885 425 270 -425 -425 163  -1.24

0.0024 0.0946 0.0024 0.2619 0.0143 0.0143 604  -236 -6.04 -134 425  -425

0.0715 0.1108 0.0024 0.3387 0.7107 1.5431 264  -220 -6.04 -1.08 -0.34 0.43

0.1510  0.0533 0.0024 0.0391 0.1845 0.0696 189  -293 604 -324 169  -267

0.0598 0.0815 0.0054 0.1635 0.2763 0.4789

0.0143  0.0812 0.0024 0.0024 0.0357 0.0143 425 251  -6.04 -604 -333  -4.25

0.0143 0.0024 0.1641 0.0212 -4.25 604 -181 -3.85

0.0315 0.0978 0.6043 1.8843 0.1723 346 232 -050 0.63 -1.76

0.1119  0.0505 0.0896 2.9962 0.0793 0.0916 219  -299 241 110 -253  -2.39

0.0430 0.0765 0.1747 1.2618 0.0454 0.0927,
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Table 2. Continued.

Date

14-Aug-01
15-Aug-01
16-Aug-01
17-Aug-01

22-Aug-01
23-Aug-01
24-Aug-01
25-Aug-01

28-Aug-01
29-Aug-01
30-Aug-01

Week ARB ARV CRS MET MVS VSD ARB ARV CRS MET MVS VSD
ppbv In(ppbv)
7 0.0024 0.0083 0.0024 0.0713 0.0143 0.0143 -6.04 -4.79 -6.04 -2.64 -425 -4.25
7 0.1052 0.0409 0.0633 0.5177 0.2422 -2.25 -3.20 -2.76 -0.66 -1.42
7 0.1026 0.0525 0.0143 0.2013 0.3661 -2.28 -2.95 -4.25 -1.60 -1.00
7 0.0143 0.0143 0.0256 0.2107 0.0143 -4.25 -4.25 -3.66 -1.56 -4.25
7 Average, 0.0701 0.0113 0.0275 0.0436 0.2360 0.1592
8 0.0564 0.0143 0.0024 0.0143 0.0306 0.0143 -2.87 -4.25 -6.04 -4.25 -3.49  -4.25
8 0.0294 0.0024 0.0024 0.0143 0.0143 0.0143 -3.53 -6.04 -6.04 -4.25 -425 -4.25
8 0.0418 0.0285 0.0476 0.0204 0.0205 0.0183 -3.17 -3.56 -3.04 -3.89 -3.89  -4.00
8 0.0492 0.0201 0.0622 0.0191 0.0143 0.0143 -3.01 -3.91 -2.78 -3.96 -425 -4.25
8 Average 0.0442 0.0163 0.0287 0.0170 0.0199 0.0153
9 0.0430 0.0196 0.0143 -3.15 -3.93 -4.25
9 0.0324 0.0211 0.1244 0.0143 0.0350 0.0516 -3.43 -3.86 -2.08 -4.25 -3.35 -2.96
9 0.0143 0.0143 0.0300 0.0143 0.0780 0.0143 -4.25 -4.25 -3.51 -4.25 -2.55 -4.25
9 Average 0.0299 0.0177 0.0580 0.0143 0.0424 0.0329
Grand Average 0.0366 1.0736 0.0394 0.2148 0.2014 0.4960
Mean of week means| 0.036 0.992 0.037 0.176 0.189 0.444 -3.94 -2.80 -4.57 -3.51 -2.70 -2.50
SD of week means|  0.022 2.754 0.054 0.410 0.196 0.791 1.28 2.00 1.53 1.71 1.58 1.72
Max of week means, 0.070 8.333 0.175 1.262 0.553 2.362 32 25 32 29 26 27
n weeks| 9 9 9 9 9 8
95th %ile of week means|  0.08 6.11 0.14 0.94 0.55 1.94 ppb
90% tol limit on 95th%| 0.094 8.291 0.181 1.263 0.709 2.623 95th %ileof days
0.171 1.852 0.138 0.550 0.993 1.554
Max of days| 0.151 21.111 0.604 | 2.996 1.644 7.946 0.280 4.294 0.249 1.070 1.900 3.113
90% tol

limit on95th%ile of days
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