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L0 EXECUTIVE SUMMARY

1.1 Project Description

Los Alamos National Laboratory (LANL) contracted Radian Corporation
(Radian) to conduct a short-term, intensive air monitoring program whose goal was to
estimate the impact of chemical emissions from LANL on the ambient air environment.
Radian designed and implemented an innovative and high sensitivity strategy for
sampling and analysis of selected indicator chemicals expected to be present at very low

concentrations in the ambient air around LANL.

A comprehensive emission inventory had identified more than 600 potential
air contaminants in LANL's emissions. A subset of specific target chemicals was selected
for monitoring: 20 organic vapors, 6 metals and 5 inorganic acid vapors. These were
measured at 5 ground level sampling sites around LANL over seven consecutive days in

January 1991.

The sampling and analytical strategy used a combination of EPA and
NIOSH methods modified foi ambient air applicaticns. Sampling media included:
quartz fiber filters, low-background silica gel sorbent, and evacuated stainless stecl

canisters. The sample limits of detection achieved were:

organic vapors 021t 1§ ppb v/v
metals 0.01 to 0.10 ug/m?
acid vapors 0.03 to (.50 ug/m’

These LODs were sufficient to detect low levels of the target chemicals in the ambient
air around LANL.



1.2 Project Objectives, Scope and Methods

The overall goal of this project was to estimate the impact of airborne
chemical emissions from LANL on the ambient air quality. Specific objectives to address

this goal were as follows:

1. identify a comprehensive target list of chemicals that are
characteristic of LANL's airborne emissions but that also contain
indicators of common urban and rural ambient air contaminants;

2. identify methods that are capable of measuring the target chemicals
in ambient air at the low concentrations (< 1 ppb v or < 1 ug/m%)
expected in the air around LANL;

3. measure the ambient air concentrations of the target chemicals at
multiple sites upwind and downwind of several LANL technical areas
over seven consecutive days during periods of maximum and
minimum laboratory emissions, i.e., when LANL was operating (7 am
- 4 pm, Monday through Friday) and when LANL was not in
operation (Saturday and Sunday);

4, usc the pattern of detection and the magnitude of the measured
ambient air concentration, the observed wind direction and the
periods of LANL operating/not operating to estimate the impact of
LANL'’s chemical emissions on the ambient air quality.

The target chemicals for the LANL ambient air monitoring project are

listed in Table 1-1. They fall into three chemical closses:

20 volatile organic compounds (VOCs)
6 metals in particulate matter
5 inorganic acid vapors

An overview of the sampling and analvtical methods is given in Table 1-2. The approach
was based on methods published by EPA and NIOSH, but moditied by Radian either for

higher sensitivity or for measurement of a broader scope of target chemicals.



Table 1-1

Target Chemicals for LANL Ambient Air Monitoring Project

Name (CAS No.)

Organics I Metals

Name (CAS No.)

R e H

Acids
Name (CAS No.)

l Acclone Beryilium Hydrochloric Acid
(67-64-1) (7440-41-7) (7647-01-0)
2. Methyi alcohol Cadmium Hydrofluoric Acid
(67-56-1) (7440 <3-9) (7664-39-3)
k) Methyl ~thyl ketone Chromium Nitric Acwd
(78-93-3) (744047-3) (7697-37-2) i
|
' 1. Methyl acetate Lead Phosphoric Acid
(79-20-9) (7439-92-1) (7664-38-2)
S. Xylene Silver Sulfune Aad
(1330-20-7) (7440-22-9) (7664-93-9)
6. Trichloroethylene Lranium
(79-01-6) (7440-61-1)
7. Methylene chlonde
(7509-2)
8. Chioroform
(67-66-3)

9. Hexane
(110-54-3)

I 10. Toluene

hydrocarbons (I'XH)

(108-88-3)
Il Ethylene dichlonde
(107-06-2)
12. Carbon tetrachlonde
(56-23-5)
13. Benzene
(7143-2)
14 Isooctane
(540-54-1)
1S. a -Pinene
(80-56-8)
16. 1,1,1-Trichloroethane
1 (71-55-6)
17. Ethyl benzene
(100-41-4)
18. Chilorobenzene |
{108-90-7)
19. Total halogenated

). Total nonmethane
hydrocarbons (ITNMHC)




Table 1-2
Overview of the Sampling and Analytical Methods for LANL Air Monitoring

p-1

NOTES: LOD
QFF
SGS
CAN
IC

AES

HRGC-MD

Limit of detection
quartz fiber filter
silica ge! sorbent

SGS

80 m’

Summa™-passivated, stainless steel canister

ion chromatography

atomic emission spectroscopy
high resolution gas chromatography - multiple detectors MD = flame ionization detector
{FID) + photoionization detector (PID) + halogen-specific cetection (HSD)

Target Sampling/Analytical Sampling Air Sample Volume Analytical Target LOD
Chemicals Method Source Medium (9-hours) Method Range
Radian modification of
ﬁolatile Organic Vapors EPA TO-14 CAN ISL HRGC-MD 0.1t !l ppb
Radian modification of
Metal Particles NIOSH 7300 QFF 86 m* AES 0.02100.10 pg/m’
Radian modification of
Acid Salts NIOSH 7903 QFF 80 m’ IC 0.10 - 0.50 pg/m’
Acid VYapor NIOSH 7903 IC 0.10 - 0.50 pg/m*




Five sampling sites were selected for monitoring: four generally downwind
of technical areas in I.ANL that were identified as potential emission sources and one
remote, upwind background site. These sites are identified in the map of Figure 1-1 as:
TA-3 site A (to west), TA-3 site B (to east), TA-55, TA-59 and Background (BG) (off

the scale of the map to the south).

LANL operates on a nominal 8 hours day shift, 40 hours per week
(Monday-Friday) schedule. Air samples were collected for 9 hours per day (7 am - 4
pm) for seven consecutive days: Tuesday-Monday. 22-28 January 1991. Samples
collected on Saturday and Sunday were control or background samples that represented
a LAB OFF condition. Nominal air volumes of 80 m® were collected over the 9 hour
sampling period in a General Metals Model PS-1 PUF sampler for the metais and acid
vapors. The VOCs were collected in evacuated stainless steel canisters. The analyses

were all conducted in Radian’s laboratories in Austin, Texas.

1.3 ummary of Results and Conclusions

Review of the sampling and analysis data indicates that the target LODs in
Table 1-2 were achieved. Table 1-3 lists the estimated LOD achieved for each target
chemical in this study. Thus, the objective of using high sensitivity measurement

methods was accomplished.

An overview of all of the measured ambient air concentrations is given in
Table 1-4 through 1-6. The minimum and maximum measured air concentrations for
each chemical at all sampling sites are given and can be compared with the occupational
exposure standard, the TLV-PEL.

Table 1-4 gives the range of measurement results for the target organic
chemicals for all three VOC sampling sites. Eight of the organics were not detected and

are not listed in Table 1-4.
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Figure 1-1. Map of LANL Area Showing Five Sampling Sites

[ -6



Table 1-3

Estimated Sample Limits of Detection Achieved for

LANL Target Chemicals

LOD
Organics (ug/m’)
Acetone 0.7
Methyl alcohol 1.5
2-Butanone (MEK) 1.5
Methyl acetate 1.5
Xylene 0.4
Trichloroethylene 0.2
Methylene chloride 0.2
Chloroform 0.2
Hexane 1.0
Toluene 0.4
Ethylene dichloride 0.2
Carton tetrachloride 0.2
Benzene 0.4
Isooctane 1.0
a-Pinene 1.0
1,1,1-Trichloroethane 0.2
Ethyl benzene 04
Chlorobenzene 0.4
Total halogenated
hyrdocarbons (TXH) 0.5
Total nonmethane
hydrocarbons (TNMHC) 1.0
LOD
Metals ggf/m’)
Beryllium 0.01
Cadmium 0.02
Chromium 0.03
Lead 0.01
Silver 0.05
Uranium 0.10
LOD
Acid Vapors (ug/m")

S S

Hydrochloric acid
Hydrofluoric acid
Nitric acid
Phosphoric acid
Sulfuric acid

0.10
0.07
0.03
(.50
0.15




Table 1-4

Summary of Target Organic Air Concentrations for Seven Day

Sampling Period at LANL: Range of Measured

Concentrations for All Sampling Sites

—

Target Minimum Maximum TLV-PEL? “

Chemical' (ug/m’) (ug/m’) (ug/m*)
Acetone ND (<0.7) 433 1.780.000"
Benzene ND (<04) 6.3 32,00(ﬂ|
2-Butanone ND (<1.5) 10.7 590,000“
Cyclohexane ND (< 1.0) 139 1.030,00()“
Ethylbenzene ND (<0.4) 3.1 434.()()()"
n-Hexane ND (~ 1.0) 4.0 176,0(ﬂ|
Methanol ND (< 1.5) 92.0 262.000"
Methylene chloride ND (<0.2) 6.1 174,0@“
Toluene 1.7 19.1 377.000"
1,1,1-Trichloroethane 0.5 16.4 1,910.00(ﬂl
o,m,p-Xylenes ND (<0.4) 10.8 434.0()()“
TNMHC 67.2 967.0 NAP-‘"
THX 36 86.0 NAP "

' Only 13 of the 20 target organic chemicals were detected in the ambient air.

2 This concentration is the occupational exposure standard,

'NAP = not applicable.



carbon tetrachloride iso-octane

chloroform methyl acetate
chlorobenzene a-pinene
ethylene dichloride trichioroethylene

Cyclohexane was ot on the original target chemical list but was identified with high
frequency in the ambient air so it was added tc the list in Table 1-4. Toluene was the
hydrocarbon detected with the highest frequency and concentration. However, the
maximum concentration for toluene was a factor of almost 20,000 lower than its TLV-
PEL. The maximum air concentrations for all other organic chemicals listed in Table 1-
4 are at least a factor of 1000 lower than their TLV-PEL. The occupational exposure
levels (OELs) referenced in the New Mexico Environmental Improvement Board Air
Quality Control Regulation 702 are based on the OSHA Permissat » Exposure Limit
(PEL) or the ACGIH Threshold Limit Value (TLV).

Table 1-5 gives the minimum and maximum air concentrations for the target
metals. Only lead was detected and its maximum 1aeasured concentration (0.04 yg/m’)
was a factor of 1250 lower than its TLV-PEL. For the metals that were not detected in
this study, the limit of detection (LOD) was a factc. of 200 or more below the TLV-
PEL.

Table 1-6 gives the minimum and maximum air concentrations for the target
inorganic acid vapors. Nitric acid was dewected with 100% frequency at all sites, and
sulfuric acid with 100% frequency at all sites except the Background site (07).
Hydrofluoric and phosphoric acid were not detected at all; hydrochloric acid was
detected with a 17% frequency. The maximum measured sulfuric acid concentration was

a factor of 300 lower than the T1 V-PEL,; for nitric acid the ractor was S6(0).

Thercfore, all of tae measured ambient air concentrations for the target
chemicals in this study were well below their occupational exposure limits (TLV-PEL),

usually by a factor of 1000 or more.



Table 1-5

Summary of Target Metal Air Concen‘rations for Seven Day

Sampling Period at LANL: Rang= of Measured
Concentrations for All Sampling Sites

T Minimum Maximum TLV-PEL!

Metal (ug/m*) (xg/m) (ug/m’)
Beryllium ND (<0.01) ND (<0.01) 2
Cadmium ND (<0.02) ND (<0.02) 10
Chromium ND (<0.03) ND (<0.03) 500
Lead 0.01? 0.04 50
Silver ND (<0.05) ND {<0.05) 10
Uranium ND (<0.1) ND (<(.1) 50

S __ R

' This concentration is the occupational exposure standard.

* Limit of detection (LOD) for lead = 0.01 ug/m>.

[-10



Day Sampling Period at LANL for all Five Sites

mm
TLV-PEL!

Table 1-6
Summary of Target Inorganic Acid Vapor Concentration for Seven

ND (<0.5)

Phosphoric Acid ND (<0.5)
Sulfuric Acid ND (<0.19) 33 1000
S TR

' This concentration is the occupational exposure standard.

* This is a ceiling value, a concentation never to be exceeded.

Y HNO, Limit of Detection (LOD) = (.03 ug/m”.

Minimum Maximum
Acid (ug/m’) (ug/m’) (ug/m*)
Hydrochloric Acid ND (<0.10) 0.6 7500°
Hydrofluoric Acid ND (<0.07) ND (<0.07) 2600°
Nitric Acid 0.29° 0.92 5200

1000




Evaluation of the pattern of these measured air concentrations using
sampling site, wind direction and the status of LANL's operations (operating/not
operating) allowed an estimation of the possible impact due to LANL's chemical

emissions.

Conclusions

The following conclusions can be drawn regarding this study:

L. The objectives of this study were achieved: the sampling and analysis
strategy was effective in measuring very low ambient air
concentrations of three classes of target chemicals (acid vapors,
metals, VOCs) and in estimating the impact of LANL's chemical
emissions on ambient air quality.

2. There was no indication that chemical emissions from LANL were
having a signi/ficant negative impact on the ambient air quality
downwind of LANL.

3. A number of target chemicals were identified whose ambient air
concentrations, although very low, were apparently correlated with
LANL laboratory operations: lead, toluene, benzene, and particulate
matter containing salts of chloride, nitrate and sulfate. The pattern
of detection of these chemicals was consistent with the hypothesis
that all of these chemicals could be associated with the vehicular
traffic on the public roads around LANL. Since most of the
vehicular traffic on the roads around LLANL is associated with LANL
staff (commuting to/frem work, etc.), the level of vehicular traffic
and therefore vehicular emissions would also be correlated to
laboratory operations, i.e., lower on the weekend than on week days.

4, The number of sampling sites was not sufficient to allow the study to
distinguish between cmission sources within the LLANL technical
arcas and from th- public roads.

S, There was no indication that any of the target chemicals were present
in the ambient air around LANL (from whatever source) at a
concentration to be of concern from the point of view of chronic
human inhalation exposure in the community.



2.0 MEASUREMENT METHODS

The monitoring methcds are discussed below under seven topics: 1)

selection of target chemicals for air monitoring, 2) sampling and analytical methods, 3)

selection of sampling sites, 4) strategy for the sampling schedule, §) quality control

procedures, 6) meteorological measurements, and 7) data reduction and presentation.

2.1 Selection of Target Chemicals

The target chemicals for LANL air monitoring were selected on the basis of

the following criteria:

estimated annual emissions from LANL operations (see Table 2-1);

potential for human chronic health effects (see the New Mexico
Environmental Improvement Board Air Quality Control Regulation
702),

selectioin of chemical species that are characteristic of or unique to
LANL operations, or that are characteristic of or a surrogate for an
interfering process or source expected in the LANL area:

availability of an ambient air sampling and analytical method capable
of measuring the airborne chemical at concentrations of 1 ug/m> or
lower: and

a chemical found with high frequency in EPA’s Urban Air Toxics
Monitoring Program (UATMP), i.e., an urban air pollutant.

Using these criteria three groups or classes of chemicals were identified as targets:

Group 1:
Group 2:

Group 3

five inorganic acids as vapors, listed in Table 2-2,
six metals in particulate matter, listed in Table 2-3, and

18 voltile organic compounds (VOCs) plus total
nonmethane hydrocarbons (FINMHC) and total
halogenated hydrocarbons (TXH), listed in Table 2-4.

t
.
—



Table 2-1
Estimates of Annual Airborne Emission; *
Total for all Technical Areas at LANL

Chemical or Substance Emission (pounds/year)
Kerosene 15,256
Acelone 10,872
Gasoline 7,269

Methyl alcohol 4,437
Ammonia 3816
2-Butanone (MEK) 3,180
VM&P naphtha 2,162
Hydrogen chloride 1,832
Nitric acid 1,764
Methyl acerate 1,500
Xylene 1,347
Trichloroethvlene 1,229
Nitric oxide 1.049
Nitrogen oxide 1.049

2 -Butoxyethanol 1.014
Stoddard soivent 941
Isopropyl alcohol 829
Methylene chlornide 702
Turpentine 519
Soft wood 525
Nitrous oxide 450
Chloroform 443
Hexanc 435
Toluenc 268
Welding fumcs (cadmium. chromium. siiver) 53
Acetonitrile 23
Tetrahvdrofuran 194
Sulfuric acid 121
Dioxane 119
Sec-butvl alcohol 1w
N-buyl acetate 100
Fuorides, as F Y
Acetic acid 96
Fluorine 82
Ethyl acetatc ‘ Rl
Ethylene dichloridc 00
Pyridine 65
Dimethylformamide 53
Ethylene glycol vapor 50
N-amyl acetatc - Kt
Trichloroacetic raud »
Hydrogen peroxide 29
propl alcohol AR
Phenol n
Lithium hydridce 21
Styrznc 19
Phosphoric acid 19
Ethvl cther IN
Methyl chloride 1

‘ Carbon tetrachlondy 1

L - - T S

]
[ )

* 1988 Fmission inventory Lstimates



These chemical groups were alsc the basis for the sampling and analytical methods used.

2.2 Sampling and Analytical Methods®

Group | acids and Group 2 metals were sampled using a unified method
that combined three technologies for optimized sersitivity and selectivity: the high
volume model PS-1 Particulate/Vapor Collection System (shown in Figure 2-1), NIOSH
Method 7903 for inorganic acids (see Appendiz A-1) and NIOSH Method 7300 for
metals (see Appendix A-2). A low-blank quartz fiber filter (QFF) collected acid mist
particles and metal-containing dust partici2s. A silica gel snhrbent (SGS) cartridge
downstream of the QFF collected acid vapors. The QFF were cut in half for analysis:
half for acid anion analysis (NIOSH 7903) and hali for metals analysis (NIOSH 7300).

An overview of the sampling and analytical raethod specifications, including

the target or expected limits of detection (LOD), is given in Table 2-5.

Group 3 organic vapor were sampled into pre-cleaned evacuated stainless
steel canister as shown in Figure 2-2, The analytical method was developed by Radian
and is included as Appendix A-3. The methad is equivalent to EPA’s Toxic Organic
Method TO-14. This method achieves a high level of sensitivity and specificity by using
high resolution gas chromatography (HRGC) and three detectors: flame ionization
(FID), photoionization (PID) and halogen specific (HSD) detection.

2.} Selection_of Sampling Sites

Five ground level sampling sites were chosen to monitor the major LANL
emissions areas. The location and rationale of these sites i« given in Table 2-60. The
target chemical groups to be monitored at each sampling site are given in Table 2-7.
Four are downwind sites and one is an upwind site. The sites are also shown on maps in

Figures 2-3 through 2-5,



MODEL GPS1 PUF SAMPLER

——} —— rar

Pestlclde Partlculate and Vapor Collectlon System

® Samples semivolatile nrganic compounds

® Especially designed for sampling airborne particulates and
vapor contamination from pesticide compotunds

® Successfully demonstrated to efficiently coliect a number
of organochlorine and organophosphate pesucides

® By-pass biower motor design permits continuous sampting
for extended penods at rates to 280 liters per minute

® Proven sampler compounds housed in aluminum shelter
anodized for outdoor service.

® Samples in accordance with U.S. EPA Method TO4,

“Method for the Determination ot Organochlorine Pesti-

cides and Polychlorinated Biphenyis in ".mbient Air."”

General Metal Works PUF (PolyUrethane Foam)
Sampler s a complete air samping system aesigned
o simultanennsly cotlect suspended airborne par-
heuiates as well as ttap anhorne pesticide vapors
A How rites up to 280 Iers per minute The Model
GRS features the batest i technological aavances
Tor accuratedy measunng anborme particulates and
vapoey

The GMW PUF Sampier is equipped with a by
pass blower motor arranged with an independenm
cooling fan This feature pernuts the motor to oper.
dte at low sampling flow rites for penods ot long
duration without motor falure from ovetheating

Figure 2-1. Photograph of Mod.1 PS-1 Particulate /Vapor Sampler



1. CANISTER SAMPLE PORT VALVES
2. FLOW CONTROLLER

3. FLOW CALIBRATION CONTROL

4. 7-MICRON FILTER

Figure 2.2, Typical Canister With Flow Regulator,
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Table 2-2
Target Inorganic Acids in Group 1 for LANL Air Monitoring

Name LANL Emissions PEL-TLV*
(CAS No.) (Ibs/yr) (ug/m’)

1.  Hydrochloric Acid 1832 7500°
(7647-01-0)

2.  Nitric Acid 1674 5200
(7697-37-2)

l 3.  Sulfuric Acid 121 1000
(7664-93-9)

4.  Hydrofluoric Acid 99 2600"
(7664-33-3)

5. Phosphoric Acid 19 1000
(7664-38-2)

* This concentration is the occupational exposure standard: either the OSHA-PEL or
ACGIH-TLYV (whichever is lower) for an 8-hour occupational exposure; it is the same as
the Occupational Exposure Level (OEL) cited in New Mexico AQCR 702.

® This PEL is a ceiling value, a « .ncentration never to be exceeded.

<

1988 Emissions Inves ory [stimates



Target Metals in Group 2 for LANL Air Monitoring

Table 2-3

—'ﬂ
Name PEL-TLV*
(CAS No.) (ug/m?)
1. Beryllium 2, 582
(7440-41-7)
2. Cadmium 10, A2
(7440-43-9)
3. Chromium 500
i (744047-3)
4. Lead 50
(7439-92-1)
5. Silver 10
I (7440-22-4)
6. Uranium S0
(7440-61-1)

* This concentration is the occupational exposure standard: either the OSHA-PEL or
the ACGIH-TLV,; OEL concentrations in New Mexico AQCR 702 are the same or
higher, reflecting outdated values of the PEL/TLV.

® A2 = suspected human carcinogen.



Table 2-4

Target Organic Vapors for LANL Air Monitoring *

m—l

Best
LANL TLV-PEL Other LANL
Name Emission TWA Sources Indic.
(CAS No)) (Ibs/yr) (ppm) (nH (2) Rationale

1. Acetone 10,872 750 LN g Highest
(67-64-1) emissions

2. Methyl alcokiol 4,437 200 LNV High emissions
(67-56-1)

3. 2-Butnone (MEK} 3,180 200 LN . High emissions
(78-93-3)

4. Methyl acetate 1.500 200 LN
(79-20-9)

5. Xylene 1,347 100 LNV . High cmissions
(1330-20-7)

6. Trichiorocthylene 1,229 50 I . High emissions
(79-01-6) good indicator

7. Methylene chloride 702 50 (A2) I . Good indicator
(75-09-2)

8. Chloroform 43 10 (A2) LN * Good indicator
(67-66-3)

9. Hexanc 435 50 LNV
(110-54-3)

10. Toluene 208 100 LN.V Vehicle
(108-88-3) cxhause

indicator

11. Ethylence dichloride 66 10 * Good indicator
(107-06-2)

12. Carbon tetrachloride 12 5 (A2) I.N ‘ Good indicator
(56-23-5)

13. Benzene NL 1 (A2) IN,V UATMP {3)
(71-43-2) indicator

14. Isooctanc NL NL v Gasoline
(540-84-1) indicator

15. a-Pinene NL NL N Vegetation
180-56-8) indicator

16. 1.1,1-Trichloroethane NL 350 ILN UATMP
171-55-0) indicator

* 1988 Emission Inventory Estimates
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Table 2-4

1. Other sources: [ = industrial, N = natural, V = vehicular.

2. These eight organic compounds are expected to provide the best indication of LANL opcrations impact on

ambicnt air quality.

3. UATMP = Urban Air Toxics Monitoring Program, a current US EPA project being conducted by Radian.

(Continued)
LANL TLV-PEL Other LANL
Name Emission TWA Sources Indic.
(CAS No.) (Ibs/yr) (ppm) (1 (2) Rationale
[17. Ethyl benzene NL 100 LN,V UATMP
. (100-41-4) indicator
i 18. Chlorobenzene NL 10 I UATMP
; (108-90-7) indicator
| 19. Total halogenated NL NL Screening
hydrocarbons (TXH)
20. Total nonmethane NL NL Screening
hydrocarbons (TNMHC)
NOTES:




01-¢

Overview of the Sampling and Analytical Methods for LANL Air Monitoring

Table 2-5

) ]
Air Sample Target LOD
Target Sampling/Analytical Sampling Volume Analytical Range
Chemicals Method Source Medium (8-hours) Method (ng/m’)
GROUP !
Acid Salts NIOSH 7903 QFF 80 m’ IC 0.1 10 0.5
Acid Vapor NIOSH 7903 SGS 80 m’ IC 0.1 1005
GROUP 2
Meial Particles NIOSH 7300 QFF 80 in’ AES 002 100.1
GRCUP)
|
b’olalile Organic Vapors EPA TO-14 l CAN 151 HRCG-MD 05105 n

SOTES: LOD
GFF
SGS
CAaN
IC
SES
HRGC-MD

limnt of detection
glass Mber (ilter
silica gel sorbent

Summa™-passisated, stainless steel canister

ton chromatography

alomic emission speciroscopy
high resolution gas chromatography - multiple detectors; MD = flame ionization
detector (FID) + photoionization detector (PID) + halogen-specific detection (HSD)



Table 2-6

Locations and Rationale for Sampling Sites for LANL Air Monitoring

Site

W

Rationale

TA-3 Site A

This sampling site is S of West Jemez Road and on the patio of
the cafeteria. This site is downwind of TA-3 when the wind
direction is from the S and is between TA-3 and the Los Alamos
community. This is approximately a "fenceline" sampling site on
N-NW side of TA-3. The ground level ambient air concentrations
of any chemical emissions from TA-3 migrating toward the
community would be higher at this sampling than in the
community across the canyon. All three target chemical groups
will be sampled here.

TA-3 Site B

This sampling site is E of Diamond Drive and adjacent to the
parking lot. This site is downwind of TA-3 when the wind is from
the SW. Otherwise the rationale is the same as for TA-3 and all
three chemical groups will be sampled.

TA-S5

This sampling site is chosen to sample the air downwind of TA-SS,
an area with the highest emissions of inorganic acid vapors. The
site is N-NE and across a canyon from TA-55. However, because
of the topography it is the closest (~": mile) site on the same
elevation as TA-55 has no obstructions to air flow. It will he
downwind of TA-5§ for wind from the S-SW. Only Group 1 acids
sampled here.

TA-59

This sampling site is directly across the road from TA-59 and will
be downwind of TA-59 for winds from S-SW. This site is only 2004
300 feet from TA-59 and represents & point of maximum ground
level impact for acid vapor emitted from TA-59. Only Group 2
acids sampled here.

Background (BG)

A site S of the LANI. complex (near Bandalier National
Monument) to be characteristic of the air upwind of all LLANL.

emission sources. All three target chemical groups sampled here.,
o1 -



Table 2.7
Overview of the Air Monitoring Scope and Strategy: Target
Chemical Group to be Monitored at Each Sampling Site

Sample Site Site Group 1 _(E_N)? Group 3
Rationale Acids Metals Organics
TA-3 Site A Downwind X X X
TA-3 Site B Downwind X X X
TA-SS Downwind X
. TA-59 Downwind X
l] 5. Background Upwind X X X

ts
.
rs
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Figure 2-3. Map of TA-3 Arca Showing Three Sampling Sites,
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These sites were selected based on several criteria: proximity to the LANL
potential emission areas, historical wind direction patterns compiled by LANL
meteorologists that place these sites upwind or dov'nwind of potential emission areas,
utility in estimating the impact of LANL emissions on the Los Alamos community, and

proximity (in some cases) to electrical power.

24 rategy for a Sampling Schedul

In discussions during an initial site visit it was decided that a one working
week sampling period would be sufficient to vield a representative short term estimate of
LANL's emissions on the ambient air. Almost all emissions occur during the single day
shift, 40 hour work week. Although some sources may be periodic (with unspecified
periodicity) or episodic, 5 consecutive work days of air sampling during 9 working
hours/day would provide a reasonable estimates of mean ambient air concentrations as
well as estimates of day-to-day variability. The sampling period chosen was 7:00 a.m. to

4:00 p.m. to include all daytime operations that could generate emissions.

Air samples were also collected on Saturday and Sunday when LLANL
operations were expected to be minimal and vehicular tratfic in the technical areas
would also be lower. These samples were collected at all § sampling sites according to
the strategy in Table 2-7. These samples served as “laboratory off" controls to help
evaluate the results from ambient air measurements for “laboratory on” conditions
(Monday-Friday). An overview of the air sompling scope and strategy is shown in Table
2-8. A total of 172 air samples and field QC samples were collected, including 45 acid
valt samples that were nod directed to any of the selected target chemicals. Acid salt
particulaie was collecred on the QFF so that the salt would not interfere with the
collection of the acid vapor on the SGS. "The daily placement of the 7 PUF samplers

and the 4 CAN samplers is shown in Table 2-9.
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Table 2-8

Overview of the Air Sampling Scope and Strategy:
Number of Samples by Group and Day

Total
Sampling Day Number
Target Sample[ " Tye Wed | Thu Fri Sat Sun Mon of
Chemical Mcdium 1 2 3 4 5 6 7 Samplcs
GROUP 1 Number or air samples + QC
Acid salt sample QFF 5 5 5 S 5 S 5 k)
Field duplicate QFF 1 1 1 3
Ficld blank QFF 1 1 1 ! 1 1 1 7
Acid vapor sample |  SGS h] S 5 Nl 5 N 5 35
Ficld duplicatc SGS 1 1 i ! | 1 6
Field spike 5GS 1 1 1 l 1 1 6
Ficld blank SGS 1 1 1 1 1 | 1 7
99
GROUP 2 Number of air samples + QC
Melal particulate QFF 3 3 3 k| R} 3 3 21
Ficld duplicate QFF 1 1 1 1 1 1 6
Ficld spike QFF 1 | ! 1 1 1 6
Ficld blank QFF 1 1 1 1 1 1 1 7
)
GROUP )} Number of air samples + QC
Organic vapors CAN L} R} R} l R R} 3 21
Ficld duplizate CAN 1 1 1 1 1 S
Field blank CAN 1 1 1 1 ! | | 7
W]
l Tutal Air Samples + Field QU 172
R

QFF - quantz fiber filicr

h{¢A I

CAN - canister

silica gel sorbent




LANL Sampler Placement

Table 2-9

Sampler TU WE TH FR SA SuU MO
No. Type 1 2 3 4 5 6 7

PUF-1 AA A A A A A A A
PUF-2 AA B B B B B B B
PUF-3 AA C C C C C C C
PUF-4 AA D D D D D D D
PUF-§ AA E E E E E E E
PUF-6 FD A B C D E A
PUF-7 FS - A B C D E A
CAN-1 AA A A A A A A
CAN-2 AA B B B B B B B
CAN-3 AA E E E E E E E
CAN-+4 FD - A B E A E
SITES:

A = TA-3

B = TA.3

C = TA-5S

D = TA-59

E = BG = Background
TYPE:

AA = ambient air

FD = ficld duplicate

FS = ficld spike



2.5 ality Control Procedures

The identity and number of QC field samples is shown in Table 2-8. Three
types of field QC samples were used:

Field duplicates were two samples located at the same site and sampled for
the same time: field duplicates are used to estimate total method precision,

i.e., including both sampling and analysis precision.

Field spikes were samples that were spiked or fortified in the field with
known quantities of the target chemicals; the quantitative recovery of spiked

samples is use to estimate total method accuracy.

Field blanks were samples of the sampling media that have no air drawn
through then but are coded, handled and shipped from the field just like the
air samples: field blanks are used to determine the presence of interferences

in the sampling and analytical method.

All field QC samples were coded like air samples and were submitted blind to the

analytical laboratory.

Field QC also requires the use of a Chain of Custody (COC) record form
for all samples collected. An example COC record form is shown in Figure 2-7. All air
sampling data was recorded on a PS-1 Sample Information Form. An example PS-1
form is shown in Figure 2-8. Sampling flow rates were set at the beginning of each 9-

hour sampling period and checked every two hours during sampling.

2-19
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PS-1 Sample Information Fom

Sample Number: Collector:

Sample Location:

Init1al Elapsed Timer Reading:

Fina) Elapsed Timer Reading:

Total Elapsed Time: min

Initial Final
Magnehelic Gauge Reading: ——
Flowrate: tcfm teta
Average Flowrate Ouring Sampling: l"):“.
Date and Time Cartridge Installed: P:N: / /
Gate and Time Sampling Started: I,
Date and Time Sampling Stopped: N,
Date and Time Cartridge Removed: AP: / /

PS-1 Sampler IEPA Number:__

Sample Cartridge Number: 8lank Cartridge Number:

Cooments :

For Laboratory Use

Figure 2-7. Example PS-1 Sample Intormaticn Form.
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2.6 Meteorological Measurements

The existing meteorological system of LANL was used to measure wind
speed, wind direction, relative humidity and temperature during the 7-day sampling
period: January 22-28, 1991. Met data was taken from the TA-6 tower. Wind speed
and direction were taken from the lowest (12 meter) level of sensors; relative humidity

and air temperature were taken from the ground level (1.2 meter) sensors.
2.7 R ion and P i f Air Monitorin It

All air concentrations were calculated at ug/m’. Individual target chemical
air concentrations were tabulated to facilitate comparisons on a day-to-day, site-to-site
and upwind vs. downwind basis. Meteorological data collected by LANL meteorologist
during the sampling period were used to help interpret the significance of the measured
ambient air concentraticns. QA/QC results for the sampling and analysis were
evaluated. Graphical presentations of measured ambient air concentrations versus
sampling site and day were used to show the pattern of target chemical detection. This
helped to determine if emissions from LANL were having a measurable impact on

ambient zir quality.



3.0 AIR MEASUREMENT AND QUALITY CONTROL RESULTS

The monitoring and QC results will be discussed below under four headings:
1) inorganic acids, 2) metals, 3) volatile organic compounds, and 4) meteorological data.

il Inorganic Acids

The frequency of detection and the limits of detection achieved for the
target inorganic acid vapors are shown in Table 3-1. No hydrofluoric or phosphoric acid
vapor was detected at any site on any day. The detection of hydrochloric, nitric and
sulfuric acid vapor by sampling site and day is shown in Tables 3-2, 3-3 and 3-4,
respectively. These tables also show the six sets of field duplicate results.

The pooled coefficient of variation (CV) based on the field duplicate results
for hydrochloric, nitric and sulfuric acid vapor is shown in Table 3-5. The CV is seen to
be in the range of 0 to 14%.

Recovery

The recovery of the six field spiked QC samples for inorganic acid vapors is
given in Table 3-6. Four inorganic acids were spiked on the quariz fiber filters (QFF) in
aqueous solution; hydrofluoric (HF) acid was not in the spiking solution. Ambient air
was drawn through the spiked QFF at the sume flow rate as the air samples (80 m® in 9
hours). The more volatile acids (HCI, HNO,, H,SO,) were completely or partially
vaporized and were collected on the SGS. Their recoveries were measured from the
SGS.

Hydrochloric and nitric acid vapors were quantitatively captured in the silica
gel sorhent (SGS). The phosphoric acid spike was tound to remain on the QFF,
probably because of its low volatility. The sulfuric acid spike was found to partition
between the QFF and the SGS with soine variability on a day to day basis. For § out of
the 6 ficld spiked QC samples more than half of the H,50), spike was recovered from
the SGS.
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Table 3-1
Frequency of Detection and Limits of Detection
for Inorganic Acid Vapors

Inorganic Frequency Limit of

Acid of Detection Detection

Vapor (%) (ug/m?)
Hydrochloric (HCI) 17 0.10
Hydrofluoric (HF) 0 0.07
Nitric (HNO,) 100 0.03
Phosphoric (H,PO,) 0 0.50

Sulfuric (H,S0,) 94 0.15 "




Lty

Table 3-2
Los Alamos HCI (vapor) Results

Concentration as ug/m3

1/22/91 1/23/91 1724/9] 1/25/91 1/26/91 1/271/91 1/28/91
Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday
ITA-3¢A) ND ND ND ND _ND ND __ND
feddwo. | | s | T | | ND
TA-3(B) ND ND ND ND ND 0.2 i ND
Teidaue || ] T~ | {TTTTTYUTTT T
TAS j..N> 1 N | ND N N> {0l | __ND
field dup ND
A ] | No } N | ND 06 O ND ) O | ND .
field dup ND
Background | 1 N . ND ND N> {82 1 92 | _NO
field dup. 0.2

I ND - Not Detected
2 Th2 detection lim:t for Hydrochleric Acid (HCI) is 0.1 ug.'m3
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Table 3-3.
Los Alamos HNO, (vapor) Results

Concentration as ug/m3
i,/22/91 1:23/91 1/24/91 1/25/91 1/26/91 1/27/91 1/28/91
Tuesday Wednesday Thursday Friday Saturday Sunday Monday
93 | 0% | oM I 0»w | 03 | 047 | ...¢ 03 .
0.38 0.41
T f 0M | o671 | 08 f 03 | | 036 1. ... 034 L. 037 ..
00 | ] 1
| o o oem 1 e [ 03 | o4 o omn [ o4
033 W
| 05 . om | 0¥ | 939 | o4 | 04 0.1
0.4}
03 ) 038 | 0 1 o6 | 064 | 0% | 03
field dup 0.87

I The detection limit for Nitric Acid (HNO3) is 0.03 ug/m3



§ot

Table 34
Los Alzmos H,SO, (vapor) Results

F
Concentration as ug/m3
1:22/91 1/23:91 1/24/9% 1/25/91 1/26/91 1/21/91 1/28/91
Site Tu.sday Wednesday Thersday Fricay Saturday Sunday Monday
TAa-3(A) 06 03 1.0 | 1.0 1.2 1.9
............ WD b W I WV IOV PRSI WUV SRR S,
a 1 .
field dup. 02 1.7
TAa-3(B) | 04 03 0.9 | 1.k ! 1.0 | 1.2 1.8
field dup 10
TA-55 0.6 02 1.0 1.2 1.3 i3 26
F ———————————— »—-————-——-——-47-—-—-—-——-————-1» ————————————— -Jr——--———-—--——-b ————————————— -r —————————————— - —— -
field dup 1.1
TA-59 69 0.5 1.7 22 16 2.1 2.1
e - e - - — e e - —— e = - ——-———————-—-1-———--—--—————-w—-—--——----— e - ———— e
field wup. 1.5
| Background ND ND 0.4 04 ! 04 0.6 ] 02
————————————— b e e e e e e e e e i e v e o S e s e e S 5 A -
neld dup 0.7

i ND - Not Derected
> The detection limit for Sulfuric Acid (H2S04) 15 0.15 ug, m*



Table 3-§
Total Method Precision for Inorganic Acid Vapors:
Pooled CoefTicient of Variation (CV) for Field Duplicate Samples

Inorganic Acid Vapor CV (%)
Hydrochloric (HCI) 0
Nitric (HNO,) 12.5
Sulfuric (H,SO,) 14.0

Yo



Table 3-6
Recovery of Inorganic Acid Field Spiked QC Samples'

Sampling Day Recovery (£2)°
and Site HCl HNO, H,SO, H,PO,’

Day 2, 23 Jan 80 111 >19 94
Site TA-3 (A)
Day 3, 24 Jan 127 104 >51 83
Site TA-3 (B)
Dayv 4, 25§ Jan 100 131 >68 90
Site TA-S5
Day 3. 26 Jan 166 137 >62 94
Site TA-59
Day 6, 27 Jan 140 184 >62 90
BG Site
Day 7, 28 Jan 113 130 >96 56
Site TA-3 (A)
Mean Recovery 121 133 >60 84
m—

' Field spikes for inorganic acids were accomplished by dosing the QFF with 1.0 mL of
an aqueous spiking solution containing:

150 gg/mL hydrochloric acid (HCI
150 ug/ml. nitric acid (HNO,)

144 ug/ml. phosphoric acid (H,PO,)
177 ug/mL. sulfuric acid {H,30,)

Ambient air was drawn through the field spiked filter at the same flow rate as the air
samples, i.c., vielding a sampled air volume of nominally 80 m' over 9 hours.

Y All of the spiked HCl and HNO, was tound in the SGS medium; ali of the H PO, was
found still on the QFF, The H,80, was found to partition between the QFF and the
SGS. The recovery of H,S0, in this table was based on the quantity of H,50, vapor
found in the SGS; this vielded the lower limit to the actual recovery. The spiked amount
remaining on the QFF could not be quantitated because of interference from aumbient
sulfate particulate matter.

\ g , . . , . .
Ihere was no interference for phosphoric acid because no ambient phosphate
particulate was detected. Phosphoric acid recovery was measured from the QFF,

)7



Overall the recoveries are acceptable with mean recoveries found in the
range 60 - 133%. There was no evidence of any breakthrough of the spiked acid vapors
to the rear or backup section of the SGS cartridge. Therefore, no recovery corrections
were made to the ambient air results.

Blank Levels

The SGS used to capture the inorganic acid vapor contained low residual
levels of the target acids (as the anion) that caused a detectable concentration in the
field blank samples. The mean and standard deviation of the blank anion (CI', F, NOy,
PO, ", SO,”) level in the SGS medium was measured and are listed in Table 3-7. Only
phosphate (PO, ™) was not detected. The equivalent mean ambient air concentrations
due to the SGS mean blank levels are also given in Table 3-7. These equivalent air
concentrations are low: 2 -4 x LOD. The LODs in Table 3-1 could be achieved

because the standard deviations of the SGS blank concentration were low.

All sample and QC results for the SGS medium were corrected by

subtracting the mean blank concentrations (sg/sample) from the raw result.

Inorganic Salts in the Particulate Matter

Although not a target chemical, the salts of the target inorganic acids in the
dust collected on the QFF were analyzed as a QC measure. Those results are given
here. Table 3-8 through 3-11 give the air concentrations of the chloride, fluoride, nitrate

and sulfate salts, respectively, by sampling site and day.

Very low levels of fluoride salts were detected but only sporadically and
mostly at the TA-S9 site. The chloride salts were detected with 10077 frequency but
were also highest at the TA-S9 site. The nitrate and sulfate were also found with 100%
frequency but at lower concentrations,  Again their concentrations were somewhat higher

at the TASY ate.



Tsble 3-7
Blank Levels of Target Anions in the Silica Gel Sorbent (SGS)
Medium: Mean and Standard Deviation of the Mean

Blank Concentration

Target . , 3

Anion Mean’ (up) SD (ug) Mean® (ug/m’)
Chloride (CI') 31 S 0.39
Fluoride (F) 19 5 0.24
Nitrate (NOy') 4 2 0.05

Phosphate (PO,™) ND (<40) NA ND («<0.50)

Sulfate (SO,7) k[ 7 (.38

! This is the mean blank concentration in the front section of the field blank silica gel
sorbent sample in ug/sample. The silica gel sorbent cartridge consisted of a 50 g front
section separated from a 15 g backup section. This blank concentration was subtracted
from the raw result (ug/sample) for all air and fietd QC samples involving the front

silica gel sorbent section.

* This is the equivalent blank air cencentration (ug/m?) derived by dividing the mean
blank level in ug by the nominai air samiple vol:me of 80 m*,
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Table 3-8

Chloride Salt Air Concentrations

Concentration (pg/m°)

Site

f

Day )

Day 4

TA-53 A 09 7.1 4.2 1.3
- - - - - Jr—-— --------------------- Jr--—--——---—-Jr-——---——--——-k ------------ - - - ——
TA-3 A field dupiicate 7.2
I;".:_}.?._--_-__-_------_-_-----.L_--..-9'_8_---WL-----_;'_3.---7L ...... g;'_----L------E'.b_---.L--___-L3.---.L ...... 9_5.---.
TA-3 B field duphicate 39

0.7 0.5

TA-55

TA-535 freld duplicate

F-— ——————— - -

24

e o — - —— -

44

Rl

LTA-S‘)
TA-34 freld duplicate
Background

e s o e e e B . o e e

rBa.:lv:gmund fieid duplicate

— — ——— ¢ — —————  _——— ————

04

0.4

03

e e —- -

]
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Table 3-9
Fluoride Salt Air Concentrations

TA-3 A ND ND ND L ND i ND I ND I ND
A N IS S SNl RPN Lo S SO dvlvo NS S v Wty S
TA-3 A field duplicate i " ND ]

TA-3B i ND ND ND ND I ND ND ND
[TA-3 B field duplicate | 007 ]

TA-55 ND i ND i ND i ND ! ND _ ND _ NP L
[Ta-55 field duplicats - 1T "~o ]

TA-59 0.97 0.18 ND 0.19 ND ND ND

- — o m—————— = e LT b e e e TL ------------ -1—— -TL--- —-IL—- ------
TA-59 field duplicate ND

Backgroul:d 1. ND _ _ND__ _ _ ND i __Nl?

Backgreund field duplicate [ W [
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Table 3-10
Nitrate Salt Air Concentrations

Concentration (pg/m?)

Site Day | Day 2 Day 3 D2y 4 Day § Day 6 Day 7

TA-3 A 0.7 06 1.3 % 1.1 0.8 1.6 % 0.8
----------------------------- - e e o e e e e e e e e R e e e e e e e e e -
TA-3 A field duplicate f 1.3 [ 0.8
TA-3B 08 I 1.8 1.2 I 1.0 09 1.4 08
TA-3 B field duplicate r 13
TA-55 14 1.5 1.4 09 J 1.1 1.8 1.6
------------- - ——--------------------—----r------—-----Jr----------——- r—---—--------—-r------------T-——-——----—-
TA-535 ield duplicate 09
TA-59 34 49 49 3.1 0.7 4.1 25

- —— = '"TL""""""TL ------------- L""‘“'“"TL“"""’”“TL ------------ T
TA-59 field duplicate 04
Background f 08 0.7 % 08 }_ 0.9 08 4} 0.5 ] 0.6
e R ittt DL LR P Y R P L L e B e Ll e T N R e L . e T ]
Background field duplicate " i 1.1 i
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Table 3-11

Sulifate Salt Air Concetrations

Concentration (pg/m>) N

Sile Day 1 Day 2 Day 3 Day 4 Day § Day 6 Day 7
TA-3A S N 0% 1. (A L W A 0% J.__.3__ .t
TA-3 A field duplicate 1.9 I.1
TA 3 1] _---__;;'_---ﬁ._----_l;(i__- .------1'.9---4. ...... 9;8..._-4.---___1'_(3--_4, ...... bl
TA-3 B field duplicate 2.1 jl
TS .-----.3'.‘.’---1 ...... 3;‘1_--.1.__----1;?_--+ ______ 08 -_1.-____-5'.4___-.-------1'_7.---. _______ 2l
TA-55 field duplicate 1.0
TA-59 }.------2-.5.-_--L------é-_-,.---.L ...... ‘1'.9._--.L ...... Eﬁ"'WL ...... 9'.8_--- L------E'.z_---.L ...... 2 _'9_-_-
TA-59 field duplicate 1.0 ]
[Background . Y NSNS SO NN oo S SERRILCC S S €9 _f.._. 08 | 0% _
Background field duplicate _ 1.3




32 Metals in Particulate Matter

The frequency of detection and the limit of detection achieved for the target
metals are given in Table 3-12. Only lead was detected in the ambient air around
LANL. The pattern of detection of lead by sampling site and day is shown in Table 3-
13. The lead concentrations are all low and are in a small range: 0.01 to 0.04 ug/m’,

i.e,, | - 4 x LOD. The field duplicate results for lead are also given in Table 3-13.
Precision
The coefficient of variation for the five field duplicate samples is 9.0%.
Recovery
The recovery of the four target metals used for the field spiked QC samples
is shown in Table 3-14. It can be seen that the recoveries are all quantitative: in the

range 96-102%. This represents recovery of a spike of each metal at a level of 150
ug/filter.

Blank Levels

The QFF medium had no detectable backgrouad concentratiua of the six
target metals at the LODs listed in Table 3-12.



Table 3-12

Frequency of Detection and Limits of Detection for the Metals

Frequency of Limit of H

RN b

Metals Detection (%) Detection (ug/m’)
Beryllium (Be) 0 0.01
Cadmium (Cd) 0 0.02
Chromium (Cr) 0 0.03

Lead (Pb) 63 0.01
Silver (Ag) 0 0.05
Uranium (U) 0 0.10
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Table 3-13
Los Alamos Lead Results

Concentration as pg/m’

1/22/91 1/23/91 1/24/91 1/25/91 1/26/91 1/27/91 1/28/91

Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday
TA-3(A) 6.01 003 0.04 0.03 0.01 0.01 003
Field quplicate cos | T I 1T
TA3B) 002 | 003 | .00 | 002 Lo, 00 { .. 003
Fieid duplicate 0.03
TA- |______ND N J O ND )00t ND ND )] ND .
Field duplicate ] | iy
TA-SS ND - ND_ . ND ND ] 80 NO ] ND
Field duplicate 003
Background | ~ ND - o6y y oo | o . oor | 00 oor | . 001 __
Field dupiaie [ [ 001

ND = Not der=:ied
“The detectior limit for iead (Pb) 1s 0.01 pg m~.



Table 3-14
Mean Recovery of Metal Field Spiked QC Samples

FM'I

Metal' Mean Recovery (%)
Beryllium (Be) 96
Cadmium (Cd) 96
Chromium (Cr) 99

Lead (Pb) 102

" All four of these metals were spiked at a level of 150 ug/filter from an acidified
aqueous standard solution prepared by dilution of commercial atomic absorption
standards. Uranium was not available as a standard and the silver was lost as a
precipitate because of the high chloride content of the commercial standards.
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33 Volatile Organic Compounds

The frequency of detection and the limits of detection for eleven volatile
organic compounds (VOCs) are given in Table 3-15. The frequency of detection range
for the VOCs in Table 3-15 is 33-100%. Eight of the target VOCs were not detected
and their LODs were given in Table 1-3:

carbon tetrachloride isooctane
chlorobenzene methyl acetate
chloroform a -pinene
ethylene dichloride trichloroethylene

The pattern of occurance for the 11 detected VOCs is given by sampling site
and day in Tables 3-16 through 3-26. All ambient air concentrations are expressed as
ug/m’. Air concentrations for Total Non-Methane Hydrocarbon (TNMHC) and
Halogenated Hydrocarbon (THX) are shown by sampling site and day in Tables 3-27
and 3-28, respectively, These tables also contiain the results of the field duplicate QC

samples.
Precision

The pooled coefficient of variation (CV) based on the field duplicate results
for the VOC is given in Table 3-29. The CV is seen to vary over the range 10-73%.
This range is consistent with Radian’s experience with this monitoring method and the

very low ambient air concentrations encountered in this study.
Recovery

No ficld spiked QC samples were used tor the VOC analvsis in this study.
Recoveries of VOO by this method have been determined by Radian in other projects,

At low ambient air concentrations, accuracies in the range SO-150% (i.e., 100« S0C%)
would be expected.
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Frequency of Deiection and Limits of Detection for the Organic

Table 3-15

Compounds Detected in the LANL Ambient Air

Frequency of Limit of

Target Detection Detection

voc (%) (ug/m’)
Acetone 86 0.7
Benzene 81 0.4
2-Butanone 43 1.5
Cyclohexane 71 1.0
Ethylbenzene 33 0.4
| n-Hexane 90 1.0
Methanol 81 1.5
Methylene chloride ) 0.2
Toluene 100 0.4
111.-Trichloroethane 100 0.2
Xylenes 76 0.4
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Table 3-16
Los Alamos Acetone Results

Concentration as pg/m’

1;22.91 1:23.91 1/24/91 1/25/91 1/26/91 1/21/91 1/28/91

Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday
TA M L et AL . 2 N L LA - 40 ND 07 .
Field Jduplicate 31 26 1.8
Ta58) 56| o Lo s 1w ] es S T
Fizid Jduplicale 1.7 24
Bachground D N e 6t 1.8 1. LS . 26
Field duplicate _ 43 ==J

SND o= Not derected
"The Jdetection himut for acetone 1s 0.7 pg-m .
CL = Canister ieahed
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Table 3-17
Los Alamos Benzene Results

Concentration as pg/m’

1,22.8) 1:23/91 1/24/91 1/25/91 1/26/91 1727/91 1/28/91

Site T ¥ Wednesday Thursday Friday Saturday Sunday Monday
TA-3:A} 2.8 CL { 38 { 2.9 1.1 09 ] 29
Field dupiicate 58 0.4 ’ 27
TA-31B) je | 10 3.2 24 1.1 CL | 59
P v o ——— - - ——_r ............... e o m - - ——— - - = - - - e - -
Field dupiicate r 30 F ND
PBackgrc.u.nd 8 D 10 L 9;8 _ L ED _______ 1\_1 I 0._7__ L ___NR___ )
Field duplicate 04

ND = Nort detected
“The detecuen l:mit for tenzene 1s 0.4 pg 10
CL = Czaister leaked
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Table 3-18
Los Alames 2-Butanone Results

= ——
Concentration as pg/m’
1:22:91 1:23/91 1/24/91 1/25/91 1/2€/91 1/27/91 1/28/91
Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday
{Ta-3:0 53 CL J 25 J 42 J 20 ND J ND
.............. -— +-— SRS SIS S - b memmmmmm—mm e
Field duphcate ~ND ( 39 ND
TAa-3:8) ND 1 ND I ND it % 2.1 CL ND
—————————————— ey w—— - e ——— T — i o —— T . - b-———----——————-ﬂh---——————-——-—
Field duplicate ND ] 26
achground ND ND 1 ND 1.8 2.5 ND L ND
Fieid duplicate 30 ]

ND = Not detected
*Tha detection limit for 2-butanone 1s 1.3 pg m".
‘CL = Canister icahed
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Table 3-19
Los Alamos Cyclohexane Results

i Concentrziion as pg/m’

Field duplkate

1722:9] 1/23/91 1/24/91 1/25/91 1/26/91 1/27/91 1/28/91

Sute Tuesdas Wednesday Thursday Friday Saturday Sunday Monday
Ta-3.8) ND CL 13 33 ND 2.3 J 1.5
Fieid Juplxcate 139 T T ND 1.7
TA-3:8) 138 134 35 ND ND CL L 1.s
P - P e i e e e et o e e . e i e ——— i - i R R e - el e e e e e
fField duplcate 1.5 1.4
Background 810 70 28 ND ND 1.5 ND
.............. N (S AN RSt P U IV s

1.6 I

ND = Mot detected
‘The detection hmit Tor cyclohexane 15 | 0 ug m*
‘CL = Canister ieaied
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Table 3-20
Los Alamos Ethylbenzene Resuits

Concentration as pg/m’

1/22,91 172391 1/24/91 1/25/91 1/26/91 1/27/91] 1/28/91
S:te Tuesday Wednesday Thursday Friday Saturday Sunday Monday
Tan ND SLSLS R = U S S ND L ND b 035 _
PFie.Izi dup-Iicale- 24 T T N0 | [ -N.D -
TA-38) 13 1.7 ND 1.1 ND CL ND
Freld duplicate T 7o T 1T N |
Background D N j..N 1 NP ] ND ND L] ND .
!Ficld dupliate ND

'ND = No! detected

-The de2tection himut for ethyvibenzene 1s 0.4 pg m-.

CL = Canster leaked
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Table 3-21
Los Alamos n-Hexane Results

Concentration as pg/m?

'ND = Not detected
“The detection limit for n-hexane is | .0 ug. m".
‘CL = Canister leahed

1/22/91 1/23/91 1/24/91 1/25/91 1/26/91 1/27/91 1/28/91
Sie Tuesday Wednesday Thursday Friday Saturday Sunday Monday
TA-3(A) ) 20 CL 2.1 2.6 1.3 1.0 1.7
Fieid duplicate 6 | | B 6
TA-31B) pad ek NN . SN DN ) AN, S SO, LY N 2
Field duplicate 25 ¢
Background ND 1.5 1.0 1.l 1.0 1.0 ND
Ficld duplicate T T T | T
L —_— —_— =S
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Table 3-22
Los Alamos Methanol Results

Concentration as pg/m’

§722/91 1/23/91 1/24/91 1/25/91 1/26/91 1/27/91 1/28/91
Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday

F:‘.:é.‘-}.'. ..... E SO T T O Y ND 62
Field duplicate 10 ] 6.8 1.5
F-.“.:%.‘-P.’ ______ 92 68 | o e2 | 51 | _ND T 47
Field duplicate 49 | 7.1
Fesss:zu_n.q_-_ E a2  |osa fo 3 | owp ] ND 166
Field duplicate 5.2

——— — —

‘ND = Not detected

*The detection limit for methanol 1s | 5 pg . m".
‘CL = Canister leahed
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Table 3-23
Los Alamos Methylene Chloride Resuits

Concentration as pg/m’

‘ND = Not detected
“The detection limit for methylene chloride is 0.2 pg, m°.
‘CL = Canister leaked

1/722/91 1/23/91 1/724/91 1725/91 1/26/91 1/27/91 1728791
Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday
TA-3 D 0.3 a %2 ] N 1 03 ND 04 _
Freld dupiicate 6.1 0.3 0.5
TA-3.B) 4.5 27 0.5 ND 0.3 CL 0.9
Field «upiicate | o
| R2:zaground ND
Field duplicate




Table 3-24
Los Alamos Toluene Results

Concentration as pg/m’®
1/22/91 1/23/91 1/24/91 1/25/91 1726/91 1/21/91 1/28/91

Site Tuesday Wednesdzy Thursday Friday Saturday Sunday Monday
TA A 32 cL S Lo B N 58 .38 25 S
Field duplicate 16 36
TA3B) I M1 --9;5._--.L-_--___-é;é-_-.r- - (LSRN R 88 ___
Field duplicate 8.0 3.6
Background 19 45 | 4.0 1.8 33 1.7 4.1
Field duplicate ] TS T T T

'ND = Not detected
“The detection limit for toulene i1s 0.4 pg;/m".
‘CL = Canister ieaked

Nt



Table 3-25
Los Alamos 1,1,1-Trichloroethane Results

e S ——

Concentration as pg/m’

1:22/91 1/23/91 1/24/91 1/25/91 1726/91 1/27/91 1/28/91
Site Tuesday Wednesday _ Thursday Friday Saturday Sunday Monday
TA-3 (M) 69 SRRSO UL . . S |07 09 | .. 2
Field duplicate 1 0.7 1.2
TaI® 16 33 4 er 408 97 36 | 09 ___
Field duplicate 28 0.7
F:::E.ground_" 74 e | 26 | 06 05 05
Field duplicate 08

ND = Not detected

“The detection limit for 1,1.1-Trichloroethane is 0.2 pg. m°*.
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Table 3-26
Lus Alamos o-, m-, p-Xylenes Results

Concentration as pg/m’

1,/22/91 1/23/91 1/24/91 1725/91 1/26/91 1727791 1728791
Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday
TA-3(A) 47 CL 8.0 48 1.0 0.8 36
Field duplicate T 1T o || s
Ta3@®e 6 LT S = ST N, 2. 2 oL __ (LSRN BN 15 __.
Field duplicare 4.6 ND
[Eess.s_re:-nd | __no 3 Lo er b 24 [ ND ND_ | ND
Field duplkaie 04
— —— ——

ND = Not detected

“The detection limit for o-. m-. p-Xylenes is 0.4 pg. m’.

*CL = Canister leahed
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Table 3-27
Los Alamos TNMHC Results

Concentration as pg/m’

1/22/91 1/23/91 1/24/91 1/25/9] 1/26/9] 1/21/91 1/28/91
Site Tuesday Wednesday Thursday Friday Saturday Sunday Monday
TA-3(A) _ 301 . _(_‘_l;_____ ) _!75 1 _!29 _ 84 70 . _8_7 _____
Field duplicate 33 | T | 134 17 e
TA-3(B) 482 349 i 148 185 94 CL 107
iﬁ&::’&?.}]};{e' B | 39 |
Iee-»;ks:e.ur:i_-_ 1060 L ST T 92 I
Field duplicate 66

"TNMHC = Tntal Non-Methane Hydrocarbons

‘CL = Canis'er leaked
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Table 3-28
Los Alamos Halogenated Hydrocarbon Results

Concentration as pg/m’

1/22.91 17/23/91 1/24/9¢ 1725/91 I 1/26/91 1/27/91 1/28/91

Site Tuesday Wednesday Thursday Friday | Saturday Sunday Monday
TA-3(A) 19 CL 40 54 53 37 39
|Field duplicate T T 49 | 37
[TA-3:B) 16 87 YooA2 2l 44 _CL j S 36 .
Field duplicate 80 33
 Background 86 SN, 2 S WU = SN SO, N N, ar 36 | ! 66 _.
Fi:2ld dupl:cate 44

"TNMHC = Total Non-Methane Hydrocarbons
‘CL = Canister leaked



Table 3-29
Total Method Precision for Organic Vapors: Pooled
CoefTicient of Variation (CV) for Field Duplicate Samples

Target Ccv

vOC (%)
Acetone 63
n_ Benzene 35
n 2-Butanone 41

| Cyclohexane 73 fl

Ethylbenzene 22
n-Hexane 14
methanol 45

Methylene chloride 10
Toluene 11
1,1,1-Trichloroethane 44

| Xylenes 70
TNMHC 22

! Halugenated TNMHC 22




lank

Field blank canister samples centained no detectable levels of target VOCs.
34 feteorological DD

Meteorological conditions during the week of air sampling were measured
and documented using the LANL met station near TA-6. A complete printout of the
met conditions encountered is included in this report in the Appendix.

The weather conditions encountered were typical for Los Alamos in the
winter: cold, clear, sunny days with daytime winds predominately from the SE direction.
This wind direction places the Background site upwind of LANL and all other sampling
sites, as planned. Each of the other sampling sites at TA-3, TA-55 and TA-59 are
downwind of their respective technical areas when the wind is from the SE quadrant,
again as planned.

The percentage of the sampling period (0700-1600 hrs) that the wind was
from the SE varied from 42% on Day 1 to 78 on Day 6. This percentage is shown in
Figure 3-1. Therefore, the meteorology observed during air sampling was tavorable to
the evaluation of the air monitoring results in terms of the impact of LANL's emissions
on ambient air quality, i.e. all sampling sites were approprictely placed.

Table 3-30 gives an overview of the met conditions encountered during the 7
days of air sampling. The range of met conditions for the 0700-1600 hours daily
sampling period is given: air temperature ("C), relative humidity (74), wind speed (mph)
and percentage of time that the wind was from ciich quadrant. The quadrants were: NE
(0-90"), SEE (917-180"), SW (I817-270") and NW (271°.360"). It can be seen that this was
a 7 day period of fairly stable meteorology. There was no significant precipitation during
this periad.

The wind roses for the 7 days of sampling are shown in Figures 3-2 to 3-8,

3.
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% WIND DIRECTION

100

0
1/22/92 1/23/92 1/24/92 1/25/92 1/26/92 1/27/92 1/28/92

DATE

LANL WD % (0700 - 1600) vs. Sampling Day

Southeast Northeast

Figure 3-1. Graph of Wind Direction (¢¢) tor the Seven Sampling Days.,



Table 3-30
Overview of Meteorological Conditions Encountered in the Seven
Day Sampling Period: Range of Met Parameter for 0700-1600 Hours

Wind Wind Direction by Quadraat
Sampling Temp | Humid Speed
Day €O (%) (mph) | NE (@)| SE@®) | SW (%) | NW (%) ﬂ
Day 1, 01/22/91 -13.7w0] 82to Llto 30 42 20 8
31 53 5.2
Day 2, 01/23/91 -125t] 85to 1L.l1to 39 50 11 0 II
-3 53 4.7
Day 3, 01/24/91 49 0] K21 09 1o 14 67 S 14
-1.7 E¥ ] 5.4
4. | Day 4, 01/25/91 93w o8 to 2010 N 7 6 14
+10 3 6.0
5. | Day S, 01/26/92 948 w0 54 to 0.2t0 6 15 11 8
+2.1 X 58
6. | Day 6, 01/27/91 -6.9 to 570 18 o N i) 1 3l
+1.7 2 8.1
7. | Day 7, 01/28/91 9.7 1o $3to 09 to 15 o 17 14
+2.7 14 130
__—n—*—

RERTTY
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Figure 3-2. Wind Rose, January 22, 1991, 0700- 1600
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Figure 3-3. Wind Rose, January 23, 1991, (700- 1000
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Figure 3-4. Wind Rose, Japuary 24, 1991, 0700- 16(K)
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Figure 3-S. Wind Rose, January 25, 1991, 0700- 1600
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Figure 3-0. Wina Rose, January 20, 1991, O7(0- 1600
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Figure -7 Wind Rose, January 27, 1991, 0700- 1600
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4.0 DISCUSSION AND CONCLUSIONS

In this section the air monitoring results will be evaluated to estimate the
impact that emissions from LANL have on ambient air quality. Two principal criteria

will be used to help distinguish the impact of emissions from LANL from other sources

in the area:

1. wind direction - if emissions from LANL are the source of a
measurable target chemical in the ambient air, then the concentration
of that chemical should be higher downwind of the LANL technical
area than at the upwind Background site; and

2. lab operation schedule (on/off) - if emissions from LANL are the

source of a measurable target chemical in the ambient air, then the
cencentration of that chemical should be higher on a weekday
(Monday-Friday) when LANL is in normal operation (i.e., LANL
ON) than on the weekend (Saturday-Suinday) when LLANL has
minimal operations being conducted (i.e., LANL OFF).

Neither criterion singularly is conclusive, but jointly they provide a good criteria by which

to evaluate LANL's impact on ambient air quality.
4.1 Inorganic Acid Vapors

Only nitric (HNO,) and sulfuric (H,80,) acid v pors were detected with a
high frequency in the ambient air around LANL. Figure 4-1 and 4-2 are plots of the
acid vapor air concentration (g/m’) versus sampling site and sampling day for HNO,

and H,S0, respectively.

Review of these graphs shows that the two criteria given above are not
simultancously sausfied for either HNO, or H,50), acid vipor at any oi the downwind
(TA-3, TA-SS, TA-S9) sampling sites. Therefore, there iy no incication that LANL is a

sighificant source of any of the target inorganic acid vapers in the ambient air aroond

4-1



LOS ALAMOS ACID RESULTS
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LOS ALAMOS ACID RESULTS
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LANL. In fact, since the HNO, vapor concentration was often highes: at the

Background site, its major source would seem to be regional, i.e., distant from LANL.

4.2 Inorganic Salt Particulate

Although not a target chemical group selected for measurement, inorganic
salts were measured as anions in the particulate matter collected on the QFF. These
inorganic salts are compounds containing the anions: chloride (CI'), fluoride (F), nitrate
(NOy), phosphate (PO, ™) and sulfate (SO,”). The analytical method is not able to
determine the identity of the metal or cation that would be combined with these anions
to torm a salt. The most common salts could be of mineral or other natural origin and

as a group are minimally toxic, e.g., sodium chloride.

However, the inorganic salts of chloride, and to some extent nitrate and
sulfate, do show indications of significant emission sources associated with LANL
operations, especially at the TA-59 site. Figure 4-3 is a graph of chloride particulate air
concentrations versus sampling site and sampling day. [t is apparent that the air
concentrations at TA-59 are higher on the weekdays than on the weekend and always

higher than the Background site.

It should be noted that the TA-59 sampling site is located within 100-150
o5 of the TA-59 laboratory that could be an emission source and was within 10-15
vers of heavily traveled Pajarito roud that provides the only access to 'TA-S9 and other
technical areas. It is possible that the effects seen in Figure 4-3 could be due primarily
to the effect of dust generated by the vehicular tratfic on Pajarito road. In any case, this

conclusion is an example of the successtul application of the criteria discussed above,
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4.3 Metals

Lead was the only target metal detected in the air around LANL. Figure 4-
4 is a graph of air concentrations of lead versus sampling day and site Again, there is an
indication that the emission source of lead is correlated with LANL operations. Air
concentrations for sites downwind of the technical areas ace generally greater than
Background and higher on weekdays. However, again we have a potential interference
from vehicular traffic. Lead would be emitted from vehicles still using leaded gasoline,
and traffic would be expected to be lower on thie weekends. In any case, the ambient air
concentrations of lead are very low and are well below any level of chronic exposure
concern. It is noteworthy that the magnitude of the impact seen in Figure 4-4 is on the

order of only 0.1-0.2 ug/m’, i.e., only 1 - 2 x LOD of lead.

4.4 Volatile Organic Compounds

Maost of the volatile organic compounds that were selected as being the best
indicators of LANL cmissions were detected only with (zero 10) low frequency, low
concentrations or with highly variable patterns of detection. Those VOCs detected with
the highest frequency and highest concentrations included: toluene, benzene, methylene
chloride, and 1,1, i-trichlorocthane. Graphs showing the ambient air concentrations
versus sarnpling site and sumpling day for these tour VOC cun be found as Figures 4-5 to
4-8, respectively, The summed air concentrations as TNMHC and THX are also plotted

and are given in Figures 4-9 and 4-10 respectively,

Review of these graphs shows that only toluene and benzene have any
indication of being associated with LANL laboratory operations. However. toluene and
benzene are common urban air pollutants whose primary source of emussion i non-
mdustriadized arcas is vehicle exhaust, Therefore, vehicular traffic around T AN could

be the major sourve of these target chemicals.
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4.5

Conclusions and Recommendations

The following conclusions can be drawn regarding this study:

)

The objectives of this study were achieved: the sampling and analysis
strategy was effective in measuring very low ambient air
concentrations of three classes of targei chemicals (acid vapors,
metals, VOCs) and in estimating the impact of LANL’s chemical
emissions on ambient air quality.

Taere was no indication that chemical emissions from LANL were
having a significant negative impact on the ambient air quality
downwind of LANL.

A number of target chem’ ‘s were identified whose ambient air
concentrations, although ve 'y low, were apparently correlated with
LANL laboratory operatior s: lead, toluene, benzene, and particulate
matter containing salts of ciloride, nitrate and sulfate. The pattern
of detection of these chemicals was consistent with the hypothesis
that all of these chemicals could be associated with the vehicular
traffic on the public roads around LANL.

The number of sampling sites was not sufficient to allow the study to
distinguish between emission sources within the L.ANL technical
areas and from the public roads.

There was ro indication that any of the target chemicals were present
in the amoient air around LANL (from whatever source) at a
concentration t¢ be of concern from the point of view of chronic
human irhalation exposure in the community.

The following recommendations are made:

to

LLANL may want to consider establishing a longer term air
monitoring program based on the results of this short term scudy. A
longer term program couid monitor on a periodic, scheduled basis for
a yedr or more to measure ambient air concentrations under a range
of meteorological and laboratory operating conditions.

If further monitoring is done, LANL. should consider & strategy that

would clearly distinguish actual laboratory emission from other
sources in the area, principally vehicular exhaust,

4.4
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ACIDS, INORGANIC

FORMULA: (1) WF (4) HBr
(2) HC (5) HNOq METHOD: 7903
(3) HyPOq (6) HoSO4 ISSUED: 2/15/84
OSHA/NIOSH/ACGIH: Table | PROPERTIES: Table !

SYNONYNS: (1) hydrofluoric acid; hydrogen fluoride; CAS #7664-39-3.
(2) hydrochloric acid; hydrogen chloride; CAS #76471-01-0.
(3) phosphoric acid; ortho-phosphoric acid; meta-phosphoric acid; CAS #766+-38-2.
(4) hydrobramic acid; hydrogen bramide; CAS #10035-10-6.
(5) nitric acid; aqua fortis; CAS £#7697-37-2.
(6) sulfuric acid; oil of vitriol; CAS #7664-93-9.

SAMPL ING MEASUREMENT
]
SAMPLER: SOLID SORBENT TUBE 'TEOINIQUE: 10N CHROMA TOGRAPHY
(wathed silica gel, 400 mg/200 mg !
with glass fiber filter pluy) 'ANALYTE: F~, C1=, POg"~, Br~, NOj, S042%"
FLOW RATE: 0.2 to 0.5 L/min 'DESORPTION: 10 ML 3 ™ NAHCD3/2.4 WA Naz00,
]
VOL-AIN: 3 'INJECTION LOOP VOLUME: 100 wlL

MAX: 100 '
'ELUENT: 3 mt NaHCD3/2.4 m Nay(05; 3 mu/min
SHIPHENT: routine H
'COLUMNS : anicn separator, fast run; anion
SAPLE STABILITY: stable ' precolumn, fast run; anion suppressor

BLANKS: 2 to 10 field blanks per set 'CONDUCTIVITY SETTING: 10 uS full scale
!
'RANGE : sese EVALUATION OF METHOO
ACCLIRACY !
'ESTIMATED LOD: see EVALUATION OF METHOOD
RAMGE STUDIED: see EVALUATION OF mETHOD !
'"PRECISION {sp): see EVALUATION OF METHOO

BIAS: not significant (2,3,6] !
OVERALL PRECISION (s,.): sae EVALUATION OF !

RE THOOD !

APPLICABILITY: The working range it ca. 0.0) to S mg/m® for & SO0-L air cample (vee

EVALUATION OF METHDD). This method mesasures the total concantration of six airborne anions.

The corresponding acids may be collected on 3 3ingle saepler and deterwingd vimyltaneously,
INTERFERENCES: Particulate salts of all the acids will give a poritive interference. Chlorine
or hypochlorite ion interfere with chloride determination and bromine interferes with bromide.
Collection efficiency of 8ry and C15 on silica ge) has not been investigated. Acatate,

formate and propionate have elution times similar to F~ and C1-. If these anions are

present, use 2 weak eluent (e.g., 1.5 sA MaHOD3) in the IC for greater resolution.

OTHER METHODS:. This is P&CAR 139 in a revised format (1]). Alternats methods are 7902 for
flyorige and PRCAR 208 for sylfate [S].

2/15/84 1903- |



ACIDS, TNORGANIC

METHOD: 1303

REAGENTS:

1.

. Eluent:

Silica gel, 20/40 mesh, grade 01,
thoroughly washed with deionized
witer (see APPENDIX).

Distilled, deionized water,
filtered through 0.45-um mambrane
filter. '
bicarbonate/carbonate
buffer solution (3 mA MaHNOy/

2.0 w Max(Dy). Distolve

1.008g NaHCOy and 1.018 g

NayCDy in 4 L filtered

de'onized water.

Calidration stock solutions,

1 mg/m (as the anion). Dissolve
salt in filtered deionized water.
Fluorida: 0.2210 g NaF/100 mi. .
Chloride: 0.2103 g XC1/100 mi .

Branide: 0.1288 ¢ MaBr/100 mi .
Nitrate: 0.1371 g MaNOy/ 100 mi .
Sulfato: 0.1814 g K3504/100 mL.

- ® a0 T m

*See Special Precautions.

Phosphate: 0.1433 g KHpPO,/100 mL.

EQUIPMENT :

1.

10.

1.

. Waterbath:
. Centrifuge tubes, 15-mL, graduated, plastic, with

Sampler: glass ‘ube, |1 cm x ] mm QD, containing
a2 400-mg front section and 200-mg backup section
of washed silica gel. Front section is retained
with a glass fiber filter plug. Urethane plugs
separate and retain the backup section. Tubes are
commarcially available (Supeico Orbo 53 or
equivalent) or may be prepared according to
APPENDIX .

. Personal sampling puawp, 0.2 to 0.5 L/min, with

flexible connecting tubing.

. lon chromatograph, fast-run anion separator and

precolumn, anion suppressor column, conductivity
detector, integrator and strip chart recorder.
hotplate with beaker of boiling water.

caps.*

. Syringes, 10-ai, polyethylene with luar tip.
. Filters, lusr tip, with msmbrane filtar, 13-mm,

0.8-um pore size.

. Mcropipettes, ditposable tips.

volumstric flasks, 50- and 100-mL.*
Laboratory timer.
Bottles, polyethylens, 100-ml.

oo Special Precavtions.

SPECIAL PRECNUTIONS: Acids, particularly HF, are extremely corrosive to skin, eyms, and mucous

mambranc:.. HF will attack glass. Plastic labware is recommended.

SAFPING :

V. C.librate each persona) sampling pump with a representative supier in line.

2. break endy of saxpler immsdiately before sawpling. Attach smapler to pertonal sampiing

]

pump with flexible tubing.

Sample at an accurately known flow rate between 0.2 and 0.5 L/min for a tota! sample sire

of 3to 100 L.

NOTE: DO not excewd 0.3 L/min when sawpling for WF.

SAMPLE PREPAMTION:
Score sampler with a file in front of primary sorbent section.

4.
S.

6.

Brzak sampler at score line.

Transfer glass fiber filter plug and primary sorbent section
to u 13- graduatod centrifuge tube.

Place backup mworbent sgction in separate centrifuge tupe.
. Mdd 6 to 8 mt eluant to edch centrifuge tuoe. Heat in boiling waterbath for 10 min.

Discard urethane plugs.

NOTE: Elvent usad for desorption :hould be from same batch at tw eluent used on the
chramtograph to avnid cartonate/dicarbonate pesks near F~ and C1-.

2/15/84

. Allow to cool, dilute to 10.0-ml volume with »luent.
. Cap the cantrifuge tube and shake vigorously.
. Pour sempie into 10-ml plastic syringe fitted with in<line filter.

19032



METHOD: 7908 ACIDS, INORGAMIC

CALIBRATION AND QUALITY CONTROL:
11. Calibrate daily with at least five working standards covering the range 0.001 to 0.3 mg of
each anion per sample.
a. Add known aliquots of calibration stock solution to eluent in SOl volumetric flasks
and dilute to the mark.
b. Store working standards in tightiy—capped polyethylene bottles. Prepare fresh working
Jtandards weekly.
c. Analyze working standards together with samples and blanks (steps 12 through 14).
d. Prepare a ca)ibration graph for each anion [peak height (mm or wS) vs. mg].

FEASURERENT :
12. Set ion chramatograph to conditions give on page 7903-1, according to manufacturer's
instructions.
13. Inject 100-yl sample aliquot. For manual operation, inject 2 to 3 ml of sample fram
filter/syringe to ensure complete rinse of sample loop.
NOTE: Al) samplas, eluents and water flowing through tha IC sust be filtered to avoid
plugging system valves or columns.
14. Measure peaak height.
NOTE: If sample peak height exceeds linear calibration range, dilute with eluent, reanalyre
and apply the appropriate dilution factor in calculations.

CALCULATIONS :

)S. Determine the mass, mg, of anion found in the sample front (We) and back (i) sorbeat
sections, and in the average media dlank front (8¢) and back (By) sorbant sections.

16. Calculate concentration, C, of acid in the air volume sampled, vV (L):

RS S . ST A
v
whers: + (conversion factor from anion to acid) = 1.053 for HF; 1.028 for HC1,;
1.032 for HaPO4; 1.012 for HBr;
1.016 for HNO3; and 1.02) for HySO4.

EVALUATION OF METHOD:
The method was evaluated for hydrochloric, hydrobramic, nitric, phosphoric and sulfuric acids
by laboratory generation of mixed acids (2]. Data for the individual analyies are:

Reasyresent Overali
Rarge Stydied Precision Precision gstimateg LOD
Acid (mg/m®) (vg/sample) (3y) (sp) {ug per sample)
W (6) 0.35 - 6 0.5 - 200 0.053 0.116 1
HCY (3] 0.14 - 14 0.5 - 200 0.02% 0.0%9 e
H3P°4 {1 0.5 -2 3 - 100 0.029 V.09 2
Har (2) 2 - 20 3 . 90 0.056 0.074 ]
HNDy (2] ) -0 3 - 500 0.018 0.08% 1
H?SO‘ (2] 0.9 -2 3 - 100 0.028 0.087 4

2/1%/84 1903-3



ACIOS, INOCZMNIC METHOD: 7903

The method was field—eva' “ted at two electroplating facilities using side-by-side silica gel
tubes and bubblers. The method was evaiuated for hydrofluoric acid in 1983 using the silica
ge) tubes and impingers (6]. FRecovery based on impinger collection was 1063 with s, of
0.176. The capacity of the silica gel sampler for HF was 820 ug. This is equivalent to an

8-hr samle at two to three times the OSHA PEL. Samples were stable for at least 2] days at 25
*c.

REFERENCES :

(1] NIOSH Manual of Analytical Methods, 2nd. «d., V. 7, PS&CAM 339, U.S. Dspartment of Health
and Human Services, Publ. (NIOSH) 82-100 (1982).

{2] Cassinelli, M. E. and D. G. Taylor. Airborne Inorganic Acids, ACS Sycposium Series 149,
137-152 (1981).

[3]) Cassinelli, M. E. and P. M. Eller. Ion Chramatographic Determination of Hydrogen Chloride,
Abstract No. 150, American Industrial Hygiens Conference, Chicago, IL (1979).

(4] NIOSH Manual of Analytical Mmethods, 2nd. ed., V. 5, PRCAR 310, U.S. Department of Health,
Education, and Welfare, Pub). (NIOSH) 79-141 (1979).

(5] Ibid, P&CAm 268.

[6) Cassinelly, M. €. Hydrogen Fluoride Report (in preparation).

METHOD WRITTEW BY: Mary Ellen Cassinelli, NIOSH/OPSE.
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METHOO: 7903 ACIDS, 1NORGANIC

APPENDIX .

SAMPLING TUBE PREPARATION

Silica gel cleaning procedurs: Add 500 to 600 mL deionized water, slowly and with stirring, to
ca. 200 m_ volume of silica ge} in 1-L beaker. when exothermil reaction has subsided, heat in
boiling waterbath for ca. 30 min with occasional stirring. ODecant and rinse four to five times
with deionized water. Repeat Cleaning procedure and dry overnight in 100 °C oven until free
flowing. If blank of silica gel shows impurities, repeat cleaning procedure.

Silica gel tubes: Pack glass tubes, ] mm 00, 4.8 mm ID, 11 om long, with 400 mg of 20/40 mesh
washed silica gel in front scction and 200 mg backup section. Use urethane fodm plugs between
sorbent sections and at back end. Hold front section in place with 6-mm diameter, )-mm thick
glass fiber filter plug (Gelman 66088) .

2/15/84 1903-5



va/si/2

906!

Table ).

Acid
and
AW

HF
(20.01)

HC]
(36 &)

H3PO4
(91.99)

Har
(80.92)

0
(63.01)

H2504
(98.08)

General information.

EXPOASE LIAITS (ppm) PROPERTIES
ag/a® = Physical "w er Sp. Gr. vP @ 20 °C
OSHA NIOSH AGIH 1 ppm @ NIP State (°c) (*c) (liq.) kPa (mm Hg)
3 3, 3; 0.Rr18 gas 83.1 1.5 0.987 >10) (>160)
6/15 min STEL 6
cS -- cS 1.891 Q9as -114.8 85.0 1.194 >10) (760)
1 my/m? - | my/m®; 4.01 liquid 21.0 260 1.1 0.0043 (0.03)
STEL 3 my/m®
3 -- 3 3.31 gas 08.5 -66.8 2.16 >101 (>760)
2 2 2; STEL 4 2.58 liquid 42.0 83 1.50 0.39 (2.9
| mg/m® 1 ay/m® 1 mg/m® -- liguid 3.0 290 1.84 <0.000) (<0.001)

JIWVOHDN] “SAIDv

T O0Mi 3
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APPENDIX A-2

NIOSH Method 7300: Elements by Atomic Emission Spectroscopy
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ELEMENTS (ICP)

METHOO: 7300
M.W.: Table ) ISSUED: 2/15/84
OSHA/NTOSH/ACGIH: Table 1 PROPERTIES: Table 1
ELEMENTS: aluainum cobalt manganese Silver tungsten
arsenic copper mo ) ybdenum sodium vanadium
beryllium ) ron nickel telluriue yttrium
cacmium lead phosphorus thallium zinc
calcium lithium platinum tin zirconium
chramium magnes i um selenium titanium
SYNONYMS: vary depending upon the campound.
SAMPLING MEASUREMENT

SAMPLER: FILTER
(0.8-um, cellylose cster mambrane)

FLOW RATE: | to 4 L/min

VOL-HIN: Table )
PAX: Table 1

SHIPMENT: routine
SAMPLE STABILITY: stable

BLANKS: 2 to 10 fleld blanks per set

ACCURACY

RANGE STUDIED: not studied
BIAS: none identified

OVERALL PRECISICM (s,.): not evaluated

'TECHNIQUE: INODUCTIVELY COUPLED ARGON PLASMA,
! ATOMIC EMISSION SPECTROSCOPY

'ANALYTE: elements above

'ASHING REAGENTS: conc. HNDy, 4 mi;

! and conc. HC104, 1 mi

! CONDITIONS: room tesperature, 30 min;
! 150 °C to near dryness

]

]

FINAL SOLUTION: 4% HNOy, 11 HC10q, 10 mL

'WAVELENGTH: depends upon elament: Table 2

'SACKGROUNO CORRECTION: sp~~tral wavelength shift

'CALIBRATION: elements in 41 HNO;, 11 HCIO,

'RANGE: 2.5 to 1000 ug per sasple (1)

'ESTIMATED LOD: 1 ug per sample (1]

'PRECISION (s.): Table 2

APPLICABILITY: The working range of this method is 0.005 to 2.0 mg/m® for each element in a

SO0-L air sample.

This is simultanecus elummtal analysis, not campound specific. Vverify that
the types of compounds in the samples ary soiuble with this ashing procedure.
INTERFERENCES: Spactral interferences are the primary interferences encountered in [CP-AES

analysis.

factors and background correction (1,2].

Thesa are minimized by judicious wavelength selection, interelément correction

OTHER PETHOOS:

This method replacws PACAM 35) (2] for trace elemnts.

Atamic absorption

spectrascopy (e.9., Methods 70XX) is an alternate analytical technique for many of thess

tiemnts.

2/15/84
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ELEMENTS (ICP) METHOO: 71300

REAGENTS EQUIPMENT :
1. Nitric acid, conc. 1. Sampler: cellJlose ester mambrane filter,
Z. Perchloric &cid, conc.* 0.8-#m pore size, 37-mm tiammter; in cassette
3. Ashing acid: 4:1 (v/v) HNOn:HC104. filter holder.
Mix 4 volumes conc. HMDqy with 2. Personal sampling puwp, | to 4 L/min, with
1 volume conc. HC104. flexible connecting tubing.
4 Calibration stock solutions, 3. Inductively coupled plasma—atomic emission
10C0 ug/mi. Cammercially available, spectrometer, equipped as specified by the
or prepared per instrument manufactuyrer for analysis of elaments of interest.
manufacturer's recowmendation (see 4. Regulator, two-stage, (or argon.
ster 12). S. Beakers, Phillips, 125-ml, or Griffin, S0, with
5. Dilution acra, 4% HNOg, 13 HC104. watchglass covers.*™
Add SO m. a.hiig acid to 600 mL 6. volumetric flasks, 10~ and 100- mL.*
water: dilute to ) L. 1. Assorted volumetric pipets as nevded.*
6. Argon. 8. Hotplate, surface temperature 50 °C.

7. Distilled,deioni zed water.
*Clean all glassware with conc. nit~ic acid and
*See Special Precautions. rinse thoroughly in distilled water before use.

SPECIAL PRECAUTIONS: Perforwm all perchloric acid digestiont in a perchioric acid hood.

INPLING:

1. Calibrate e«ch personal sampling pusp with a represantative saspler in line.

2. Sample at an accurately known flow rate between | »nd 4 L/min for a tctal sample size of
200 to 2000 L (see Table )) for TwA msasurements. DO not exceed a filtier loading of
approximstely 2 mg tota) dust.

SAMPLE PREPARATION:

3. Open the cassatte filter holders and transfer the sawples and blanks to rlean beahers.

4 AGd S mL ashing acid. Cower with a watchglass. Let stand 30 min at room tewperature.

NOTE: Start a reagent blank at this stap.

S. Hedt on hotplate (120 °C) uatil ca. 0.5 mL remaing.

MOTE: Some species of Li, Mn, Mo, Sn, W, and Ir will not be cawpletely solubilized by this
procedure. Alternative solubilization techniques ror most of these elements can be
found ¢lsevhere (2,3,4,5,6,7].

Add 2 mi aghing acid and repsat stap 5. Rapeat this step until the solution is clear.

Remove watchglass and rinse into the beaker with distilled water.

Increase the temperature to 150 °C and take the sample to dryness.

Diswoive the residue in 2 to 3 m dilution acid.

Transfer the solutions quantitatively to 10-ml volumetric flasks.

Dilute W volume with dilution acid.

— 0L o-e

— —

CALIPRATION AMD QUALITY CONMTROL:
12. Calibrate the spectromster according to the manufacturers recamanditiont.
'OTE: Typically, an acid blank and 10 ug/mi mylitielement worving <tandards are used. The
following multielement cambirations are chemically campatible in 43 HND3/ 13 HCI04:
a. Ag. Ca, Co, W, P>, V, In;
b. A, Be, Cd, La, Ui, N, T,
cC. Ay, 0, Ba, &g, Mo, P, Sn;

2715784 1300-2



METHOO: 7300 ELEMENTS (ICP)

d. Cu, Fe, Na, Pt, Sr, Te, Y,
e. Cr, X, Sb, Sg, Ti, Zr; and
f. Si, W (distilled water only)
13. Analyze a standard for every ten samples.
14. Check recoveries with av least two spiked mmdia blanks per ten samles.

MEASUREMENT :

15. Set spectrameter to conditions specified by manufacturer.
16. Analyze standards and samples.

NOTE: If the values for the sampies are above the range of the standards, dilute the

solutions with dilution acid, reanalyze and apply the appropriate dilution factor in
the calculations.

CALCULATIONS :

17. Obtain the solution concentrations for the sample, C. (ug/mLl), and the average media
blank, Gy (wg/ml), from the instrument.

18. Using the solution volumes of sample, Vg (ML), and media blank, Vp (ml), calculate the
ccncentration, C (mg/m?), of each element in the air volume sampled, V (L):

Ca v-%v"m’.

EVALUATION OF METHUD:

Method P&CAM 35) was evaluated in 1981 [1,2]. The precision and recovery data were determined
at 2.5 and 1000 Lg of euch element per 1ample on spiked filters. The precision and recovery
data, instumental detection )imits, ssensitivity, and analytical wivelengtht are listed in
Table 2. The values in Table 2 were determined with a Jarrell-Ash mode) 1130 ICP operated
according to manufacturer's instructions.

REFERENCES :

(1] Hull, R.O. *multielement Analysis of Industrial Hygiens Samples,” NIOSH Internal Report,
presanted at the Amerizan Industrial Hygiene Conference, Portland, Oreyor (May 1981).

(2] NIOSH Manual of Analytical Methods, 2nd ed., V. 7, P&CAR 381, U.S. Department of Hed!th and
Hanan Services, Publ. (NIOSH) 82-100 (1981).

(3) Ibid, S341 (Lead).

(4] Ibid, V. 2, 5SS (Manganese), U.S. Department of Heith, Education, and welfare, Pudl.
(NIOSH) 77-151-8 (1977).

(5] Ibid. V. 4, PACAR 271 (Tungsten), U.S. Department of Health, Education, und Weifare, Publ.
(NIOSH) 18175 (1978).

(6] Ibid, V. S, PECAM |73 (Metals by Atamic Absorption), U.S. Dspartment of Health, Education,
and Welfare, Publ. (NIOSM) 79-141 (1979).

(7] Ibid. v. 3, 5188 (7in), SIS (Zirconium), and $376 (MOlybdemmm), U.S. Ospartmcnt of Health,
Education, and welifare, Publ. (NIOSH) 77-187-C (1977).

METHOO REVISED 8Y: R. Delon Mull and Mark Millson, NIOSH/OPSE.

2/15/84 1300-3



ELEMENTS (ICP)

METHOU: 1300
Table 1. Properties and sampling volumes.
Properties Permissibl¢ Exposure Limits,

Element Atomic my/e? TWA Alr volume @ OSHA, L

(Symbo)) weight [ OSHA/NIOSH/ACG IH nIN MAX
Silver (Ag) 101.87 9%) 0.0/ — /7 3.} 250 2000
Alumingm (A1) 26.98 660 —/ — /0. 5 (g) 100 (g)
Arsenic (As) 74.92 a) o™C 0.002/ 0.2 5 2000
ryllium (Be) 9.01 1218 0.002/ 0.0005/ 0.002 1250 2000
Calcium (Ca) 40.08 842 S )/ — 72 (b) S 200
Cadmium (Cd) 112.40 321 0.2/ 0.047 0.05% 13 2009
Cobalt (Co) S8.93 1495 0.1/ -7 0.1 25 2000
Chremium (Cr) 52.00 1690 1.0 (¢c)/ 0.025%/ 0.5 (c) S 1000
Copper (Cu) 63.54 1083 1.0/ —-/71.0 ) 1000
[ron (Fe) 55.8% 1535 10 (b)Y, — /5 (b) S 100
Lithium (L) 6.94 179 0.025 (d)/ — / 0.023 (d) 100 2000
Magnesium (Mq) 243 651 1S (b)/ — 7 10 (b) S 67
Manganese (Mn) 54 94 1244 cC% —-/C5S S 200
Mol ybdenum (Mo) 95.94 651 1S (@)/ — /710 (@) 5 67
Sodium (MNa) 22.99 98 2 (f)sc2 (N2 (N 13 2000
Nickel (Ni) %8.71 1453 1/ 0.018/ 1 (c) 5 1000
Phosphorus (P) 30.9? “ —/ — /0. 25 (g) 2000 (g)
Lead (Pb) 207.19 28 0.05/ 0.1/ 0.1% S0 2000
Platirgm (Pt) 195.09 1769 0.002 (a)/ — 7 1 (c) 1250 2000
Selenium (Se) 18.96 217 0.2/ —/ — 13 2000
Tin (Sn) 118.69 32 Y — /2 (¢) S S00
Tellurium (Te) 121.69 450 0.1/ —/ 0.} 5 2000
Titanium (TY) 471.90 1615 — / ~—~ /10 (b) ) 100
Thallium (T1) 204.37 304 0.) (a)/ — /7 0.1 (a) 25 2000
vanadium (V) 50.94 1890 C 0.5/ 1 (c)/ 0.05 (Va0x) 5 20™
Tungsten (W) 183.8% 310 — /5 (e)/ $ (w) S (@) 200 (g)
Yttrium (Y) 88.9) 1495 V-7 S 1000
Zinc (2n) 65.37 419 S b))/ S (b) S (B) S 200
Zirconium (Ir) 91.22 1852 S —~ /5 5 200
(a) soluble
(b) axide
(c) matal
(d) hydride
(e) insolwle
(f) hyoroxide

ig) at the ACGIH TLV
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METHOO: 1300 ELEMENTS (ICP)

Table 2. Measurement procedyres and data (a).

Precision (s.)

Instrumenta)  Sensitivity Recovery (%) _ (N = 3)
wWavelength .00 (Intensity/ @2.5 ug/ @ 1000 ug/ @ 2.5 ug/ @ 1000 g/
€iemant (nm) (rg/mL) Hg/mL) filter (b) filter filter filter
AQ 328.3 26 0.65 m 9) 0.02 0.018
Al 308.2 14 0.23 93 100 0.092 0.023
As 193.7 13 0.57 103 9 0.062 0.026
Be 213.0 i.5 1.29 107 90 0.040 0.034
Ca 315.9 10 0.49 9 9% 0.03%6 0.014
ca 226.% 1.6 0.83 107 9 0.032 0.020
Co 231.2 1.4 0.38 101 9 0.040 0.005
Cr 205.6 1.3 0.50 9% 106 0.053 0.016
Cu 324.8 2. 0.72 % » 0.036 0.022
Fe 239.9 39 0.13 94 9 0.068 0.016
L 670.8 2.8 0.48 89 9 o.n 0.043
ng 219.6 24 0.22 105 106 0.084 0.027
M 251.6 0.4 0.74 84 93 0.062 0.03%
) 281.6 1.0 0.18 94 08 0.023 0.0/
Na 589.0 10 0.7 (c) 01 ) 0.045
N 2N.6 3.4 0.4) 108 9? 0.027 0.020
P 214.9 22 0.1 (c) 9N (c) 0.0%8
) 220.4 k) 0.42 108 9% 0.960 0.01)
4] 203.7 1§ 0.69 108 1 2] 0.041 0.07%
Se 190.6 2 0.28 108 97 0.068 0.049
Sn 190.0 64 0.49 14 1 0.33 0.16
Te 4.3 b 0.4 102 94 0.0%0 0.063
Ti 334.9 1.2 0.%% % 108 0.0%) 0.029
T 190.9 k] 0.22 103 » .043 0.017
'] N0.2 3.2 0.08 » ] 0.043 0.0l4
W 207.9 i3 2.58 s a3 0.0%3 0.60
Y m.o 0.8 2.3% » 100 0.01% 0.013
n 213.9 0.8 0.60 101 9 0.013 0.013
r 339.2 1.9 0.60 L4 % 0.049 0.008

(2) Values reported were obtained with a Jarre)i-Ash Mode! 1160 ICH; performance way vary with
instrument and should be {ndependently verifled.

(d) 2.% wg/filter corresponds to 5 ug/m? for a S00-L alr sample.

(¢c) 8lank levels 200 high to make accurata deterwminations
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APPENDIX A-3

Radian Canister Method for Volatile Organic Compounds
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TABLE 2-4. LIST OF 170 VOLATILE ORGANIC COMPOUMDS DETERMINED
RADIAN CANISTER HRGC-MD METHOD®

BY

Alkanes

C2 voC

Cc5 vocC

IBoburtane

n-Butane

Reopentane

Isopentane

n-Pentane

RNechexane
Cyclopentane
2.3-Dimethbylbutane
Ischexane
J-Methylpentane
n-Hexane
Methylcyclopentane
2,4-Dimethylpentane
Cyclohexane
isoheptane
2,3}-Dimethylpentane
3-Methylhexane
2.2,4-Tricethylpentane
n~Heptane
Hethylcyclohexane
2,5-Dimethylhexane
2,3,4-rimethylpentane
3-Mechylheptane
2,3.5-Trimethylhexane
n-Octane

n-Nonane

n-Decane

n-Undecane

Alkenes and Alkvnes

Isobutene
l|-Butene
i,3-Butadiene
rrans-2-Butene
T-Butyne
cis-2-Butene
T-Herhyl-1-butene
l-Pentene
2-Buryne
2~-Merhyl-1-Butane
[soprens
trans-.-Pentene

Alkenes and Alkynes, Cont.

cis-2-Pentene
7-Hethyl-2-butene
Cyclopentene
4-Methyl-l-pentene
cig-4-Methyl-2-Pentene
Trans-4-Methyl-2-Pentene
Z-Hethyl-l-pentene
l-Hexene
2-Ethyl-1-butene
2-Methyl-2-Pentene
trans-2-Hexene
cis-Z-Hexene
cis-3-Methyl-2-Pentene
Hethylcyclopentene
Cyclohexene

l-Heptene

3-Heptene

2-Hepteane
2,4,4~-Trimethyl-1-pentene
2,4,4-Trimethyl-2-petitere
l-Methylcyclohexene
1-Octene

cis-2-0Octene

T-Ronene

4-Nonene

™ -Pinene

8-Pinene

1-Decene

Limonene

i-Undecene

Aromatics

Benzene

Toluene

Ethylbenzene

p-Xylene

u~Xylene

Styrene

o-Xylene

Ysopropylbenzene

r-Fropylbenzene

m-Etbyltoluene

%-Ethyltoluono
,3,5-Trimethylbenzene

(Continued)



TABLE

2-4.

(Continued)

Aromatics, Conrt.

o-Ethyltoluene
trans-Butylbenzene
T.Z.7-Trisechylbenzene
Isobutylbenzene
1,2,3-Trimethylbenzene
%-Iuopropyltolucne
ndan
Indene
m-Diethylbenzene
n-Butylbenzens
E-Dictbylbcnzene
aphthalene

HIlOBQthiC

Chlorcmethane

Vinyl chloride
Bromomethane
Chlorocethane
Trichlorofluoromethane
1.1-Dichloroethylene
Methylene chloride
rrans-1,2-Dichlorocethene
TrRlcroform
1.2-Dichloroethane
1,1,1-Trichlorcethane
Carbon tetrachloride
1,2Dichloropropana
Trichloroethylene
romocdichloromethane
Bis(chloromethyl)ether
ci18-1,3-Dichloropropene
trans-1,3-Dichloropropane
T 1. Z-Trichlorcethane
Dibromochloromathane
Terrachlorocethylane
Chlorobenzene
1,1,2,2-Tatrachloroethane

——

Halogenatic, Cont.

o-Chlorotoluens
m-Chlorotoluene
p-Chlorotoluene
gil(Z—cblorocthyl)c:bor
m-Dichlorobenzene
p-Dichlorebenzene
g-Dichlorobcnzcnc

Oxygenated Compounds

Acetaldehyde
Methanol
Propionaldehyde
Acetone

Erhanol

Diethyl ether
2-Propanol
Isobutyraldehyde
1-Propanol
Butyraldehyde
Butanone
Isovaleraldehyde
2-Pentanone
1-Butanol
Valeraldehyde
3-Pentanone
1,4-Dioxane

Bis (chloromethyl)ether
Methylisobutylketone
Hexanal
Bis(2-chloroethyl)ether

b

(Continued)



TABLE 2-4. (Continued)

Sulfur

Methyl mercaptan
Ethyl mercuptan
Dimethylsulfide
Butyl mercaptan
.-Methylthiophene
i-Methylthiophene
Tetrahydrothiophene
Isopentyl mercaptan
25-Dimechylthiophene

— —

8The detection limit for these compounds is 1.0 ppbv-C for a samplie injec-
rion volume greater than 500 mL and a dilution factcr greater than 0.45.

®This method has not been fully validated for these compoun's. As a result,
these compounds are identified and reported, bur their concentratious are
not used in the roral non-methane hydrocarbon calcularion,
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TA-6 TOWER
TIME TEMPERATURE
HR MN 92 M 46 M 2.
14:00 -4.4 -39 -3
14:15 -4 2 -3.7 -).
14:30 -4.1 -1.6 -3
14:45 -4 0 -3.5 -1
15:00 -4.5 -3.9 -)
15:15 -4.2 -3 6 -)
15:30 -4 2 -3.6 -3
15:45 -4.3 -).6 -3
16:00 -4.3 -3.7 -3
16:15 -4.4 -2.8 -3,
16:J0 -4 4 -31.9 -3
16:45 -4.4 -39 -3
17:00 -4.5 -4.0 -3
17:15 -5.0 -4.8 -&.
17:10 -3.2 -9.0 -4.
17:45 -3.1 -4.9 -4
18.00 -5.1 -4.9 -4.
18:15 -5 3 -%.0 -5
18-30 - 4 -523 -5,
18-45 -> 4 -35.3 -5
19-00 -» 7 -3.3 -5
19:18 7 -5 3% -3
9 1 S5 -3 4 -3
19-45 -3 B -5 5 -5
20.00 -3 8 -56 -5
20-15 -5 9 -5 6 -3.
20:130 61 57 -5
2045 -6.1 -5.8 ->5.
21:00 -6 2 -5.8 -6
21.15 -6 5 -6.2 -6
21.0 -7.0 -71.23 -7,
a1 45 6.6 -6 7 -7
22:00 -6.8 -6.8 -7.
22:15 -7 %5 -1 5 -7
23:0 -8 0 -7.7 -7
22:45 79 -1.1 -1.
23:00 -8 2 -7.8 -7.
23:15 -4 4 -B 0 -7
23:10 -85 -8.3 -8
2):45 -8) -8.2 -8
24:00 -8.4 -8.) -8
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DAILY SUMMARY (AT 1 2 METERS):
MST

MAX TEMP= -2 H oC at
AKX DEW POINT(DP)=

1515
8.1
MAX REL HUMIDITY(RH)= HdB%

PRECIPITATION= O 00 INCHES
MAX AT™ PRESSUNE= /772 .8 MB MIN PRESSURE= 769.6 MB AVG PRESSURE=

MAEAOWSNILUS WNHOBEBOD®w-" RN WwODDO VI NWTNOUNEMNM—~LD-NMNS NI

JANU, Y

2%,

MOISTURE(1.2M)

DEW PT RH

-5 CM (oC) (V)
0.1 -12.5 49
0.1 -12.5 49
0.1 -12.6 a8
0.1 -l12.6 47
0.1 -10.9 55
0.1 -11.2 513
0.1 -11.1 54
0.1 -10.7 57
0.1 -10.8 57
0.1 -10.7 58
0.1 -11.0 57
0.1 -11.1 57
0.1 -~-10.4 62
0.1 -9.1 74
0.1 -¢.5 79
0.1 -8. 4 81
0.1 -9.7 8l
0.1 -10.1 84
0.1 -11.0 84
0.1 -12.1 B4
0.1 12.1 B4
0.1 -12.1 85
0.1 -12.1 84
0.1 -12.8 85
0.1 -12.9 864
0.1 -14.0 84
0.1 -13.0 85
0.2 -13.6 8)
0.2 -13J.0 85
0.2 -13.2 84
0.2 -12.9 84
2.2 -12.6 83
0.2 12.8 82
0.2 -13.5 82
0.3 -15.2 82
0.2 -12.9 @7
0.2 -14.4 85
0.2 -14.3 96
0.2 -11.8 86
0.2 -13.1 86
0.2 -15.4 8)

MIN TEMP=~16.6 at

MIN DP= -19 4 AVG DP=
MIN RH=

468 AVG RH=
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(JULTAN DAY= 22)

PRES DENSITY
(MB)

769.

769.6

769.
769,
769 .
769.
769.
763.
769 .
769,
769.
769.
769.
769.
170.
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170.
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770.
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770.
770.
770.
770.
770.
770,
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(KG/M))

1 MST AVG DENS=0 000 KG/M}

]
1}



TA-0

W ND DIRECT{DEG)
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224
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121
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161
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131
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6™
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1)
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134
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249
82

329
)51
b1 1]
124
202
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413
140

4
159

)
10
33
111

146

Ti'WER

21
220
219
249
242
198
2350
110
)
125
144
142
311
27)
244
288
115
152
144
155
358
2)
293
1
91
2490
“
2120
440

225 .

53
14
64
19
15
14
10
n

(1263 M

l1amM
246
253
265
P11l

19071
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115
144
2
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]9
114
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100
J40
160
2)7
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TA ¢ TOWER ;Jd65 M ASL) JANUARY 23 1491 {SULIAN DAY= 23,

TIME  WINL DIRECT(DEG) WND DIR ST DEV(xx) WIND SPEED (M/S) WS STD DEV(M™/S)
HE WA 92M 46m 23 12M  93m  4qeM 2)m 12M  92M 46M 12 93 4o 21 (2™

A
(V.0 §

3

4 0D led 1TL 179 186 16 0 24 0300380 18 18 1 1 06 07070¢8
s4 0T 108 led leC 1¢6 34 0 16 O 4 O 4B 0 19 17 1 4 1) 05060606
4 30 47 le9 187 195 30 0 22 0390 3%2.0 10 08 C6 06 05050505
4 4~ (1T 128 1.9 1268 34 0 37 N 43 C 510 1.2 !a 1. 011 0507 060¢
L2 X0 148 0253 112 111 20 022 024 0270 19 18 1 : 15 ce 080909
4 12T 1tH 11219 0200220220 223 22 22 a1l 0507072008

4k 137 1e¢l 157 30 0200350 230 23 21 19 le 07070706

40 l4v 10€ 121 )Y O s4C XN OO 1.7 17 UV7T 18 05060606

tt2 162 ieB 164 14 015019020 19 20 17 12 06 060607

47 145 140 1239 13 0150220290 17 16 15 14 04 05050¢686

7 133 147 26 16 0 14 0190 ;90 21 !9 17 14 0 ¢ 05050.6

9 le0 158 135120120140 120 13 14 13 10 04046 040°5

.21 148 145 140 9 01C 0160310 1.3 1. 4 12 10 020)0.405
42137 13 129 7 3100130135 14 15 123 08 020301304

154 142 142 145130 70 B8O013O0 11 !3 1.2 07 0302320202

i8C 224 257 274 25 0 S0 0 42 C 11 0 O7 1 2 !4 1 4 05Q030.4 0%

4bC Jv9 282 285 13 016 0 90 90 09 15 17 19 0.4 03 046¢0)

481 2H) 300 3% 39 031 C 340 40 09 1 4 1B 5 04 040404

PL I | TS99 e Q010170230 1 4 19 20 17 020110404

6 C: 3% lie4 1) 014060140 15 e 19 20 0101301304

R L Lo Je% :rl o6 0 280152170 09 13 (e 17 0204013 34
L B L1 ;14 T l4 v 3013 KD L3 i 19 20 0)Y0 40 +C 4
P T I v 4C QT 29 )4 0 15 C 17 2140 10 1 1w 19 03O0O.3O0G62DJ >
LN Lo '4e Ne 12 130 2C¢ 0 M0 00 10 14 1 )17 J YO 3O 405
e« Ov S VIA 216 CC 1) D I C 6w 70 07 10 1le 21 0103C2va2
av 1 128 312 288 276 6B 0 51 D 190 1C 0 03 06 !l 4 !9 0404065¢0C :
ad 3 2B 2el 46¢ 2608 5. 0 S 0D 41 0 60 11 !l 4 19 20 06 0dH 0B O S
e 43 (4 240 265 471 31 5 X220 320340 11 13 18 19 05050060 4
20 T 142 193 240 261 12 229 0270156 15 09 11 11 040192101
€. 3t .80 J1) 248 261 14 5 2C 0170160 11 09 13 15 0)O0d290)022
41 1C 188 222 249 2¢) 23 0 2.0 90 80 123 172 20 231 050130123014
é. 4% 179 19) 235252 150250240200 17 17 16 18 C40504CeH
23 00 .58 1%2 189 21) 9011 6150120 231 16 12 10 031030 )ODAM
4d 1% .78 182 218 246 7 013 024020 22 8 1) 13 0201)0)0 ¢
42 5. 170 19) 219 241 13 0200280270 18 17 12 11 040950505
dd 4> (7D '9y 233 337 11 C 200230 2330 168 22 19 15 0JO0OYO0O3O M
4) OC 1'% [¥B 210 254 1e 0 .6 0200180 11 !2 12 1) 0401301303
dy 15 (90 2)1 250 2%7 28 0 14 0120110 05 11 12 13 0 020130
41 3C 373 3)) 444 25 12 0 11 011 Cc 0 06 13 1) 165 0)O04a01)O0 4
41 &5 263 J49 23959 277 100 ®# 0 902 TC OMWM )] 4 16 )08 04 0401)0°7
44 Ol 250 24) 2¢2 471 15 2200120 A O OS 1) 18 40 02030Q0)¢C

ALY SUMMAPRY
AT HFIuMTe0y
Al HEIGHT =4
A7 MEIGHT=gq
AT HE I HT=],
AT MFIGHT=i g

AVG SPEEDs |
AVY SPEEl= |
AYG SPEEDe |
AV. SPEED=

m/8 PEAK GUST= 4 ' ms/s at 1244 MST
m,8 PEAK GUST= m/s at 12071 ™87
m/s PEAK GUST= & mss at 1J0& 5T
m/8  PEAR 5VST= 4 ms8 at 1227 “ST
PEARN . ¥“IN GUSTe m/8 at ld42 “s1

L B 2 B ¢
- .
- - o w-
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A o I"WER ;Jdb> ™ ASL) JANUARY 21 199 TUUTAN DAY= o

“OISTURE(]l 4™,

TERPERATURE (oChY OFEW PT  RH PREC PRES DTENSI™Y
qe ™M 21 ™ 12 M1 2% -2 ™ LaC) 18) 1IN) (YB) Ri/¥):
-4 4 -A 35 -3 0 -i4 ! - 2 i8] 431G 20 T4

93 -5 -39 -139 )2 1= 0 >0 20 ' 4
-1 95 90 -14 7 i d =113 8L Q30 7793
-A) 96 -2) -11 4 “d -39 94000 7725
-8 9 31" -390 -12 9 24 49 Ay 550 ) e
=93 A9 -3 1 -4 4 ! 6 6 42 ¢ 00 73D
-n 3 -Ad -39 -14 ] 02 le d K) C 00 773 3

LID 47 9% 13198 7 2 29 He 000 i

4o " -3 6 -4} 22 -l 4 8) QD2 7700
33 -9 39 -13 4 0 a 120 BODOD “T0 e
~A8 -4 7 -9 ) -151 Jad -1i & 82000 770 :

A4 -8 4 38 -la 8 91 -179 R#2 000 770 &
-4 4 -4 8 -9 5 -1)8 091 -5 9 RHe 000 770 ¢
44 A6 -98 -14 01l -111 8l owvg 7710}
-3 -A s -9 08 -l4 8 vl -171 82000 7702
-8 6 -9 35 -14 ) C1 -16 4 8) 000 7701
-] 96 -91-131 Q1 -151 8% 000 7699
-4 -2 9 -97 -12"7 01 -14a 6 8e4 000 769 9
-47 -9 90 -10 2 -112 01l -154 8Y O OO 769 7
93 -9 4 -100 1) 7 21 159 8) 0 00 7e9 )
LN 27 101 1) 8 9.1 -16.1 8) 0 00 1769 7
i 39 =99 -3 AN § i7 6 ¥l 000 'ed9 8
=93 -4 5 -9 7 -13 3% 91 i26 B84 0 00 T769.9
-a 7 39 <120 -1) 4 J1 -1956 R4 0 00 769 9
-v e -i0 9 -10 2 a2 [N le ) 82 000 7702
-4 9 -9 0 -1D & -29 0 Q 17% 81 000 795G ¢C
-a 0 -¥1 -89 -14 > D1 -lé 8 82000 700
-78 -78 -96 -13 5 J 1 -l1e.9% 95000 7700
-4 17 -86 -y & -ldv 01 -14.7 8¢ 000 770.)
-9 9 <107 -11 3 -11 0 01 -152 @3 000 770 2

=11.0 -11 & -11 7 -13 9 01 -15.0 8 000 770 3
-11 1 -11.) -11 &4 -13 & 01l -147 88 0.00 770.2
-10 3 -11 0 -11 1 -12.0 01 -140 83 0.00 770.2
-10.¢4 -10 4 -10.4 -11 ]} o1 -13.% 8)0.00 770.2
~10.) -10.1 -10.0 -10 @ 01 -12 €2000 770.)

96 -94 -9 -100 01 -12.6 81 000 770.)
-4 -92 -91 -97 0.1 -12.5 00 0 00 770 ¢
-9 0 -89 -4 6 31 031 -12.0 79 0.00 770.¢
-5 -8.3] -81 -8 6 0.1 -120 76 0.00 770.7
-81 -79 -178 -19 0} -l1a1 71 0.00 77017
=11 -7174 -1 1] 0.1 -12.2 0 0.00 770.8
-73 -69 -s 8 69 01 -12.6 ¢ 000 1770.8
-6 8 - % -64 -8 061 -129 %S9 000 7708

67 -6) -61 -60 01 12.9 %0 0.00 7170.0
-6 8 -66 -64 -623 01 -12.9 %9 000 7707
-1 0 68 -0 6 ‘o 4 01 14.9 a0 C 00 1770 ¢
6% -3 -] -60 01 -12.1) %7 0.00 7170.}
% 61 59 -308 0] -1).2 96 000 7700
-6d a0 %8 -%6 01l -1)0 5 000 /o9 ®
-4 -3 0 56 -%9 01 131 3% 000 789.7

58 -5% -54 -5 031 -1)0 % 000 769 s
‘58 -%59% -%) -5a 01 -1a.8 950 00 769.%
56 51 -%23 -%1 01 -127 95000 769 %
-8 % -%2 -%.0 -4 01 -12.6 % 000 17649 &
-51 -8 -4 6 -4 0] -l12a & 54 000 709 )

[ O N I BRI I ST Y B I N SR R . R Y N e B B - RTINS O R |



TA-bt TOWER (2265 ™ ASL) JANUARY 213.

®OISTURE (]

TIME TEMPERATURE {oC) DEW PT
HRN MN 92 ™ 46 M 21 @ 12 M12M-5CM (aCy ¢
4 00 =5 48 -45 -4) -4 o1 -122
1415 -~ 2 -4 06 -4 & -4 § -4 & 01 12 0
14 J0 -5 0 -4) -4 1 -4 -4 0 1 121
14 45 -q & -4 1 -9 -3y 8 -1 8 01 -ia 0
1500 -45 -i9 -36 -5 -1oea c1 -11 6
19 1% -4 & -39 =15 -3 4 -1 4 .1 -11.4
15-30 4 4 i9 -) & -3 & -1 4 01 -11. 4
15 45 4 2 -} 6 -3 & -3)2 -3 0.1 -11 4
1600 -¢«) -177 -3 1 -y2 -1 o1 -11°5
16 15 -« 2 -) 7 -3 -3ya -3 01 11 7
16 )0 42 -3¥e6 -113 -1 -1 5 01 -11.6
16-45 -4 ) -)B8 -)% -113) -})6 01 -11.6
1700 -4} -38 -)J S -3S§5 -318 ol -11.1
1715 -4 8 -9 -) 7 -317 -4 01 -1059
17 30 -4 % 40 -19 -19 -49 Q1 -10. 4
17 45 -a¢ . -4 ) -4.3 -¢ 5 -6 0 01 -105
19:00 -4 6 -4 23 -42 -49 -70 01 -10 6
18:1%5 -4 &6 -4) -4 8 -54 -7 2 01 -10.5
18 30 -4 8 45 -4 9 -»3 B 01 -9 9
19 45 49 ‘46 -49 -957 =10 01 10 6
13 00 49 4 @8 -4 6 -50 -1 8 [VIEBY 11 )
19 1% 49 -4 ! -5 0 -5 B 91 01 ! H
19 )0 ~C -4 8 -4 7 -5 -8 8 o1 12 4
19 45 =1 4 ) -4 1 -5 2 10 ) Q1 11.7
20 00 sl -4 8 -49 -5% -9 o 1 137
20 15 S0 477 50 -55 -1059 01 14 4
40-1¢C S22 49 -4 9 -5 -9 2 01 11.5%
30 45 -> & -5 1 -5 5 -66 105 o1l -14 8
di 00 -5 4 %1 -523 -58 -101 o1 -11.9
a1l 1% 5 4 sl =9 1 -% 4 -11 5 01 14 9
31.)J6 -6 52 -%51 -97 11 01 -la @
dl1-45 -9 -9% -57 -6.6 -10 7 o1 -1).9
43.00 65 -6) -~ 4 -66 -9 4 o1l -12.6
3315 -5 -64 -6 5 -69 -10.7 o.1 -11.9
22 10 -0 9 -67 -6.6 -6 -10.6 01 -1).7
42 45 10 -69 -6 9 -71 -109 o1l -1117
31 00 73 -11 -1 -1 1 -100% 0.1 1) 4
a3 15 76 -132 -11 -7.) -l1.8 01 -14 8
11:)0 e -172 -0 -12 -12.2 01 -le.7
d)-45 7 4 -1l -70 -7.1 -1) & 01 15 8
de¢ 00 -7 4 -72 -71 -8.0 -12 8 01 1%.0

DALY SUMMARY (AT | 2 METERS)

MAL TEMPe ) 1 oC at 1549 MsST MIN TEMP=-16¢ 2 at
MAX DEW PCINT(DP)= -9 4 MIN LP= 1V O AVG DP=
MAX REL HUMIDITY(RM)= HIN  MIN RH= 520 AVG RH=
PRECIPITATION= (1 (0 INCHES

MAX AT® PRESSURE= 774 ) MP  MIN PRESSURE= /69 | ™B

VJULITAN DAY=

PRES DENSITY

199)
M)
RH PREC
Y (I (e
54 0 00 769 )
51 0 00 769 2
5] 0.00 7e3 2
53 0 00 769 2
%3 0 00 769 3
51 0 00 769 4
Se 0 00 789 5
§1 0 00 769 6
5) 0 00 769 7
52 0 00 769 9
51 0 00 770 1
S4 0 00 770 2
57 0 00 770.5
61 0.00 770 7
66 0 00 770 B
70 0 00 771 0
75 0.00 771.2
7000 771.)
170600 171 5
75 0 00 171 7
76 0 00 171 8
15 0 00 771 9
1% 0 00 772 O
76 0 00 172 2
72 0 00 172.)
I3 0 00 772.%
70000 772 ¢
71 000 172.7
17000 772 9
7% 000 77) 1
786 0.00 1773 1}
77 0.00 173 4
18 0.00 773 &
77 0.00 773.7
78 000 773.9
80 0 00 771 9
79 0.00 774 ©
79 0 00 774 1
81 000 774 1
82 0 00 774 1|
) 000 774 2
542 MST AVaG
1V a
EF1

(KG/M))

AVG PRESSURE-

2

DENS=0 000 KiG/™)



A T WFR  lg4p M OANL. "ANUARY 24 11, ULIAN LAYe (4

TIME WINE DIRECT:DEG, WND DIR ST DEVIxX) WIND SPEED “,8) WS STD DEV(M.'s)

HR MN 92% ¢4aM 21M 12M  90M  geM 2™ 4™ 9™ 4e8v Jd)M oM 1AM deM M |2
YL 25 2nY 2 2 2R 3 20 Y2V )28 YR L4 2 i ) 22 a2

TR 147 1 Y T 5 ) w0 Vs v 141" 1y 22 NP R I P TS ]
oA =127 20 Jéd P AN levde 0 12 L LMol (IR I S B I |
Lol 1L 1~e 144 V-1 9 Y lE ) 22 2 !v ) 14 1 e 1Y o 40 1Y )8
I Vel Jie W2y TR 0 g0l Y MO Le 17 29 22 w1adaraoga
M A2 22 MY ot a1l o 1Yy 12 L4 2 Yrgop e g
LAY LAl W RD 9 Y MY 40 lue V2 o Ydo g R T T T B S I
T T ISP T LYPL I TR T BN S B T N B T R T S T B B IS R I IR T |
PN ME 10 237 29 6" el D43 C 90 O A 3 92 0M O T I T B S
[P FOR Y P I T2 0y P2 04y D110 Ve U 0 ) Y102 0
Yd 4% 14 40 J4% 276 42 v 4p O B4 0 M40 De D) D) 0 v 40202
ST 00 42 144 21 248 )4 D 4n 3 'i 2 15) R 03 vl 11 Mo 01 28 0
2 1y dde 22 d'e 100 e 0 1A Q1C 0120 18 117 1w D1 040 460)
1300 224 454 1C0 112 1Y 0 40 Q0 57 0 4O 12 O 19 1) 23030004
Y1 4y da Ml J& 157 le O 46 0 A 0D 295 0 O V& 1O 11 134040404
J4 0F 222 21 Volge T AR O 49 0 1 0 DT 04 ) 0 N 103y g
MLy Jlo 249 260 288 M 0 7 U120 WO 21 () 08 0w g2 0ad2dl
J4 YO 197 216 4invad de! 19170180120 21 17 11 14 V20401
A4y WY L 20 254 SN0 9 Q120110 )2 26 1314 0O )y ) LAl
™M) W dod 114 del 4 ) 90112 Y 32 2 Ly 14 J1 0402
PNl 1Te Iy 217 241 w0 MO 1 O19Y 2) 1% 12 1o U dVv4eodod
PRI Y D 11 S L L TR RIS P S I O T B T B WP S BT B I S WY Jduo 2ol ol
M4y LAl dCH 2Ny 1 ) 3 B Y R V100 1?2 0 0 11 J 10402902
RUEDD RS T A DRI T3 RNF T T 2 T B B I O ) TS 1 QNN JY SR IR W N+ I IR U DI S IV U I I |
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