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1.0 Introduction

0ld Love Canal is a 16 acre land field site owned by the city of
Niagara Falls and a private individual. The land fill is bordered by
single family residences and a playground and school are also located on
this land fill. The canal was designed to ﬁruvide a waterway around
Niagara Falls. However, it was used as a disposal area for the Hooker
Chemical and Plastics Company (a variety of drummed chemical wastes,
including chemical residues, process sludges, fly ash, etc.) and the
city of Niagara Falls (municipal solid waste). Records of the contents,
locations and quantities of materials dumped were not available at the
time this program was executed.

Beginning in about November of 1976, New York state and the city
began taking samples in the area in response to citizens complaints.
The program ideantified the presence of PCBs and hexachlorocyclopentadiene
in the sumps of several homes. In early 1978 monitoring was increased
and a multimedia sampling program was initiated. A survey of the atmos-
phere in several of the basements of homes indicated the presence of
several organic compounds including benzene.

This contract was undertaken with the iatention to sample ambient

air at the site to determine if a health hazard might exist.

2.0 Experimental Yathods

2.1 Ambient Air Sampling

The sampling strategy which was adopted included sampling at 1
upwind and several downwind sampling locations, concurrently. This was
to be repeated during a second time period at a new set of locations.

The sampling method employed is described in Appendix A. Tka collection

method involved using battery ﬂberated personnel sampling systems which



were portable and independent of any power supply allowing ths selection
of optimum sampling sites near homes on the 0ld Love Canal. Table 1
presents the sampling protocol for this area. Table 2 presents the
meteorology for the two day period of sampling. Figure 1 depicts the
sampling locations throughout the 0ld Love Canal at the upwind and
downwind locations respectively for the entire sampling period.

2.2 Analysis Methods

The samples collected on Tenax GC cartridges were analyzed using
thermal vesorvtion and glass capillary, gas chromategraphy/mass spectro-
metry/computer techniques. These procedures are doscribed also in
Appendix A. Prior to the analysis of samples, perfluorotoluenc and
perfluorcbenzene were added as standards to each sampling cartridge in
order that quantification could be achieved of the individual organics.

Quantitative analyses of the samples for the following compounds
were conducted.

a. Denzene

b. Chloroform

c. Carbon tetrachloride

d. Trichlorethylene

e. 1,3-Hexachlorbutadiene

f. Other halogenated hydrocarbons which were identified inm

household basements in February of 1978.

2.3 Quality Control and Assurance

For quality centrol purposes, several cartridges which were trans-
ported and stored in a similar manner to the samples which were taken in
the field. These blanks were employed to determine the background cor-
tribution and possible contamination from the prepsration, transportation,

and storage of the Tenax GC.



Tah’e 1. AMSIENT AIR MONITORING PROTOCOL FOR "OLD LOVE" CANAL AREA OF
NIAGARA FALLS, NY

Location{Address) Date Time Period of Volume Air Collected
Monitoring (%)
1. (703 97th St.) 7/6/78 1028-1747" 22
2. (703 97th St.) 7/6,7/78 1759-0810% 42
3. (783 97th se.)>*¢ 7/6,7/78 2113-0838 34
4. (791 97th St.) 7/6/78 0927-1515 17
5. (915 97th St.) 7/6,7/178 1550-0857 51
6. (746 99th St.) 7/6/78 0857-1720 25
7. (502 99th St.) 7/6/78 1102-1737 17
8. (476 99th St.)® 7/6/178 1045-1637 18
9, (474 99th St.)h 7/6,7/18 1700-0927 49
10. (99th St. Elementary School) 7/11/78 0910-1510 22
11. (93rd St. Elementary School) 7/12,13/78 0840-1310 19,5

%5ampler was placed in nearby yard, a corner lot and upwind of the "canal".
bHﬂUHES which were previously included in the February 1978 basement air menitoring.

cLucntiﬂn of RMI weather atation.



Table 2. METEOROLOGY FOR JULY 6 AND 7, 1978 IN THE OLD LOVE CANAL AREA,
NIAGARA FALLS, NY

Date Time Temp (C°®) Wind Speed/Direction® Wind Sp&adfﬂircctinﬂ?
(KM/Hr) (KM/Hr)
7/6/78 1000 25 3 /s 13 SW
1200 28 3 /s 17 SH
1400 29 3 /s 20 S5W
1600 29 2 [ ssW 24 SW
1800 29 <2 [ ssW 24 SW
2000 27 <2 [ SsuW 18 ol
2200 23 calm 15 SW
2400 22 calm 13 SW
1/7/7C 0200 20 calm 13 S5H
0400 20 calm 9 SSH
0600 19 calm 13 SsSW
0800 23 calm 14 SSW
1000 27 2 f s 20 SSW

4RI weather station, 6' above ground level.

b
Wiagara Falls, NY Weather Station,
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A chain of custody record was maintained freom the time Lhat the
sampling cartridges were prepared to the time the data was returned to
the Principal Investigator for inclusion into the final repert. As the
chain of custody changed hands from one investigator to another for each
step of the proccdure, signatures were required to document this transfer.
‘A copy of 2 typical chain of custody for a sample is given in Appendix B.

3.0 Results and Discussion

On July 6 and 7 of 1978, RTI persennel took ambient air samples on
and near che 0ld Love Canal area. This sampling trip was also coordinated
with another program which was interested in the human bedy burden for
halogenated hydrocarbons (which were identified in the household air
basement in February of 197B).

The sampling protocel required RTI to take concurrent upwind downwind
samples of B to 12 hour duration. Samples at each location were taken
in duplicate, During the sampling, winds were primarily out of the
south-southwest at approximately 3 kilometers per hour during July 6 znd
was calm on July 7.

The estimated levels of halogenated compounds in ambient air
outside the homes of 0ld Love Canal and Niapara, New York are given in
Table 3. The halogenated compounds which were selected in addition to
those required by the scope of work for this contract were substances
which were identified in previous air samples taken from the basements
of bhomes from this site. In many cases, each of the compounds which had
been identified and detected in samples from the sampling conducted

during February of 1978 were also detected in July.



Table 3. ESTIMATED LEVELS OF HALOGENATED COMPOUNDS IN AMBIENT AIR OUTSIDE HOMES OF

"OLD LOVE CANAL", NIAGARA, NY®

Compound Locatlon

1 2 ) 4 5 3 8 5 10 93rd®  99ch®
Chleroform 15,846 105,461 70,308 30,231 1,38% 51,692 1,050 19,692  33,92) 21,350 1,700
Carbon tetrachloride 2,000 J,692 2,92} 1,615 2,211 1,000 1,000 T - T T
1,1-dichloroechane - - - - - - - o - - -
1,2-dichloroethane - - - - T - qu T - - -
1,1,1-trichloroethane 1,111 3,444 2,222 1,178 4,212 1,444 2,667 1,667 - 840 975
Trichloroethylene - - - - 285 - - 611 - - T
Tetrachlercethylene 391 714 735 14,000 647 00 750 4,111 122 310 Jgg
Chlorobenzene - 119 - T T T T - - ; 4 T
Dichlorcbenzene (2 imcmers) - 170 106 T 35) T 150 L4 - - T
1,Z-dlchloropropane - - - - - T T - - - -
Chloroteluene {2 lsomera) T T 1,235 647 T - 2,750 T 5 o - -
Chlurobenzaldehyde lsomer - - - - - - - - - - -
Dichlorotoluene (3 fsomers) T - - 648 T T 300 T T - -
Chloronapthalene lsomer T - - g - - T T T - -
Brosotoluene lesomer - - - - - - - - T - -
Dichlorobenzaldehyde {somer - T - - T T - - - - -
Trichlorobenzene () lvomers) - T - T T T - T T - -
1,2-N{broooethane - T - - T T T - - - -
Trichlorotoluene (5 lmomers) T T T T T T T T T - -
Tertrachlurotoluene laomer - T T - - ' 3 - - - - -
Bromochlorotoluene inomer - - - - - T - - - - -

Chlorobenzodichlorof luoride isomer

{CONTIKUED)



o

Table 3 (cont'd)

Compound Lovat lon
1 2 ) 4 3 b 8 9 10 93rd°  99¢n"
Chlorobenzotriflluoride (2 lsonere) - - - - - - - - - & -
1,2=bas=~{trilluoromcthiyl)benzene - - - - - - - - - - =
Fentachlorobenzens - - - - - - - - - - -
Tetrachlorobentene () lsomers) - - i T T ) 300 T T - -
1.)=hemachlorobutadiene - - T - - T - - T o =
1,1-dichloroethylene - - - T - - T - T - -
Bentene 1,863 2,214 1,765 3,176 2,049 1,680 2,411 h, 111 g, D41 - -

*values are ng!mgj. location No. 1l was "upwind".

hTrace.
“Mot detected.
dHat quantitated.

EElementary schools.



APPENDIX A

SAMPLING AND ANALYSIS OF VOLATILE ORGANIC COMPONDS IN AMBIENT AIR



SAMPLING AND AMALYSIS OF VOLATILE ORGANIC COMPOUNDS IN AMBIENT AIR

1.0 Principle of Hethod

Volatile organic compounds are concaatratcd from ambient air onto
Tenax GC in a short glass tube (1-3). Recovery of the volatile organics
is accomplished by thermal desorption and purging with helium into a3
liquid nitrogen cooled nickel capillary trap (1,2,4) and then the vapors
are introduced into a high resolution glass gas chromatographic celumn
wvhere the constituents are separated from each other (2,5). Charac-
terization and quantification of the constituents in the szmple are
accomplished by mass spectrometry either by measuring the intensity of
the total ion current signal or pass fragmentography (2,6). The coliec~
tion and apnalysis systems are shown in Figure A-l.

2.0 Range and Sensitivity

The linear range for the analysis of volatile organic compounds
depends upon two principal features. The first is 2 function of the
breakthrough volume of each specific compound which is trapped on the
Tenax GC sampling cartridge and the second is related to the inaerent
sensitivity of the mass spectrometer for each organic (2,7). Thus, the
rznge and sensitivity are a direct function of each compound which is
present in the original ambicnt air. The linear range for the quantita-
tion on the gas chromatograph/mass spectrometer/computer (GC/HS/COMP) is
gencrally three orders of magnitude. Table Al lists the overall theore-
tical sensitivity for some examples of volatile organics which is based
on these two principles (7).

The sensitivity of this technique for the very volatile organic
conpounds (Cl to C5 alkanes) is inadequate for the purpose of this
study. Alternate methods for their collection and analysis are sug-
gested (11).

3.0 Interferences

The potential difficulties with this technique are primarily asso-
ciated with those cases where isomeric forms of a particular substznce
cannot be resolved by the high resolution chromatcgraphic coluan and
when the mass cracking patterns of each of the isomers are identical. An

example of such a problem ir seen with the ES—alkyl aromatics of which
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Table Al. OVERALL THEORETICAL SENSITIVITY OF WICH RESOLUTION
GAS CIROMATOGRAPHY /MASS SPECTROMETRY/COMPUTER ANALYSIS
FOR ATHOSPHERIC POLLUTANTS

Estimated Detegtion

Limit®

Chemical 7
Class Compound ng/m ppt
lialogenated Vinyl bromide 250 a7
hydrocarbon Bromoform 0.340 0.03
Bromodichloromethane 1.300 0.22
Dibromochloromethane 0.667 0.07
1=-Nromo=2=chlorocthane 1.00 D.67
Allyl bromide 5.00 1.04
l-Bromopropone 5.200 1.06
1-Chloro=3-bromopropane 0.150 0.01
1-Cliloro~-2,3-dibromopropane ~0.100 <0.01
1,1-Dibromo-2-chloropropane ~0.100 <0.01
1,2-Dibromoethane 0.530 0.07
1,3-Dibromopropane 0. 100 ~0.01
Epichlorohydrin 9.600 2.50

(1-Chloro=2,3=epoxypropane)
Epibromohydrin ' 0.300 0.05
(I-Nromo-2,3~epoxypropane)

Dromohenzene 0.160 0.02
Methyl bromide S00 135
Methyl chleride 2000 1000
Vinyl chloride g00 333
Hethylene chloride 700 200
Chloroform 200 420
Carbon tetrachloride 250 400

(continued)



Table Al (cont'd).

Estimated Detection

Limit®
Chemical 3
Class Compound ng/m ppt
Halogennted 1,2-Dichlorocthane 32 8.15
hydrocarbon 1,1,1-Trichlorocthane 66 12.45
{cont'd) Tetrachleroethylene 2.5 0.38
Trichloroethylene 10 1.92
1-Chloro~2-methylpropene 62 21.5
3-Chloro=2-meLlhylpropene 62 21.5
3~Chlore=-1-butene 8] 28.8
Allyl chloride 83 28.8
fh=Chloro-1-butene 35 13.2
1-Chloro~2-butene 13 4.5
Chlorobenzene 2.10 0.47
o-Dichlorobenzene 1.00 0.06
m-Dichlorobenzene 0.75 0.01
Benzylchloride 0.65 0.01
Halogenated 2-Chloroethyl. ethyl ether 4.15 0.97
ethers Bis=(chloromethyl)ether 1.0 1.10
Nitrosamines H-Hitrosodimethylamine 5.0 1.67
H-Nitrosodiethylamine 3.0 0.74
Oxyzenated Acrolein ~100 56.5
hydrocarbons Glycidaldehyde ~59 9.5
Propylene oxide ~H0) 25.5

(continued)



Table Al (cont'd)

Estimated De%cctinn

Limit
Chemical 3
Class Compound ng/m Ppt
Oxygenated Butadiene diepoxide ~20 6.7
hydrocarbons Cyclohexene oxide ~10 2.5
(cont'd) Styrene oxide 2 0.415
Acetophenone ~2 0,415
pB-Propiolactone ~3 ~1.2
Nitrogenous Nitromethane 8 ~2.4
Compounds Aniline 3.0 0.78
Sul fur Diethyl sulfate ~50 =
Compounds Ethyl methane sulfate ~5.0 -

Limits are calculated on the basis of the breakthrough volume for 2.2 g of Tenax GC (at 70°F),
capillary column performance and sensitivity of the mass spectrometer to that compound in the
mass frapmentography mode of most intense ion.




there are 53 isomers. As the number of carbon atoms increases in the
hydrocarbons and aromatics, the number of potential isomers becomes
increasingly large and difficult to completely resolve by gas chroma-
tography and/or by their corresponding mass cracking patterns. However,
differentiation between the hydrocarbons, that is, alkanes, alkenes,
aromatics, oxygenated, etc., can be accomplished.

4.0 PReproducibility

The reproducibility of this method has been determined to range
from *10 to +30% of the relative standard deviation for different sube-
tances when replicate sampling cartridges are exanined (5). The inhe-
rent analytical errors are a function of several factors: [1] the
ability to accurately determine the breakthrough volume for each of the
identified organic compounds; [2] the accurate measurement of the am-
bient air volume sampled; [3] the percent recovery of the organic from
the sampling cartridge after a period of storage; [4] the rezproduci-
bility of thermal desorption for a compound from tie cartricge and its
introduction into the analytical system; [S] the accuracy of determining
the relative molar response ratios between the identified substance and
the external standacrd used for calibrating the analytic:l system, [6]
the reproducibility of transmitting the sample through the high resclu-
tion gas chromatographic column; and [7] the day-to-day reliability of
the MS/COMP system (1-8).

The accuracy of analysis is generally #30% but depends on the
chemiczl and physical nature of the compound (2,8).

5.0 Advantages and Disadvantages of the Method

The gas chromatograph/mass spectrometer interfaced with a glass jet
separator is extremely sensitive and specific for the analysis of many
volatile organic compounds in ambient air. High resolution gas chroma-
tographic separation provides adequate resolution of the substances
found in ambient air for their subsequent quantification. The com-
bination of the high rssulutian.gas chromatographic column and the
selection of specific or unique ions representing the various compounds
of interest identified in the air samples yields a relatively specific

assay method for these compounds (1-8).



Collected samples can be stored up to one month with less than 10%
losses for most of the chemical classes (2,8). Becausc some of the
compounds of interest may be hazardous to man, it is extresely important
to exercise safety precautions in the preparation and disposal of liquid
and gas standards, cleaning of used glasswore, etc. in the analysis of
air szmples.

Since the mass spectrometer cannot be conveniently mobilized,
sampling must be carried out away from the instrument.

The efficiency of air sampling increases as the ambient air de-
creases (i.e., sensitivity increases) (8).

The retention of water by Tenax is low; its thermal stability is
high; and its background is negligible allowing sensitivity analysis
(152580
6.0 Apparatus

6.1 Sampling Cartridges

The sampling tubes are prepared by packing 2 ten centimeter long by
1.5 cm i.d. glass tube containing 6 cm of 35/60 mesh Tenax GC with glass
wool in the ends to provide support (2,5). Virgin Tenax (or material to
be recycled) is extracted in 3 Soxhlet apparatus for a micimum of 18
bours each time with acetone and hexane prior to preparationm of cart-
ridge samplers (2,5). After purification of the Tenax GC sorbent and
drying in a vacuum oven at 100°C for 3 to 5 hours at 28 inches of water,
all the sorbent material is meshed to provide a 35/60 particle size
range. Cartridge samplers are then prepared and conditioned at 270°C
with helium flow at 30 ml/min for 30 min. The conditioned cartridges
are transferred to Himax@ (2.5 cm x 150 cm) culture tubes, immediately
sealed using Teflon-lined caps and cooled. This procedure is performed
in order to avoid recontamination of the sorbent bed (2,5).

Cartridge samplers with longer beds of sorbent mav be prepared
using a2 proportionally increased amount of Tenax in order to achieve a
largér breakthrough volume for compounds of interest, and thus increa-
sing the overall sensitivity of the technique (8).

6.2 Gas Chromatographic Column

A0.35 mm i.d. %x 100 m glass SCOT capillary column ceoated with SE-

30 stationary phase and 0.1% benzyltriphenylphosphonium chloride is used




for effecting the resolution of the volatile organic compounds \5). The
capillary volume is conditioned for 48 hrs. at 245° at 2.25 ml/min of
helium flow.

A glass jet separator on a Varian MAT CH-7 GC/MS/CONF system is
employed to interface the glass capillary column to the mass spectro-
meter. The glass jet separatér is maintained at 240°C (2,5).

6.3 Iplet Manifold

An inlet manifold for thermally recovering vapors trapped on Tenax

sampling cartridges is used and is shown in Figure Al (28505

6.4 Gas Chromatograph

A Varian 1700 gas chromatograph is used to house the glass capil-
lary column and is interfaced to the inlet manifold (Figure Al).

6.5 Mass Spectrometer/Computer

A Varian MAT CH-7 mass spectrometer with a resolution of 2,000
equipped with a single ion monitoring capability is used in tandem with
a gas chromatograph (Figure Al)}. The mass spectrometer is interfaced to
a Varian 620/L computer (Figure Al).

7.0 Reagents and MHaterials

All reagssnts used are analytical rwageui grade.

8.0 Procedure

B.1 Cleaning of Glassware

All glassware, sampling tubes, cartridge holders, etc. are washed
in Isocleanf/water, rinsed with deionized distilled water, acetone and
air dried. Glassware is heated to 450-500°C for 2 hours to insure that
all orgzoic material has been removed prior to its use.

8.2 Preparation of Tenax GC

Virgin Tenax GC is extracted in a Soxhlet apparatus for a minicum
of 18 hours with acetone or methanol prior to its use. The Tenax GC
sorbent is dried in 2 vacuum oven at 100°C for 3-5 hours and then sieved
to provide a fraction corresponding to 35/60 mesh. This fractien is
used for preparing sompling cartridges. In those cases where sampling
cartridges of Tenax GC are recycled, the sorbent is extracted in a
Soxhlet apparatus with acetone or methanol as described for the virgin

material, but the sorbent is further extracted with a non-polar solvent,



hexane, in order to remove the relatively non-polar and non-volatile
materials which might have accumulated on the sorbent bed during previous
sampling periods.

8.3 Collection of Volatile Orpanics in Ambient Air

Continuous sampling of ambient air is accomplished using a Nutech
Hodel 221-A portable sampler (Nutech Corp., Durham, NC, sce Figure Al,
Reference 2). Flow rates between 1-10 £/min are available with this
sampling system. Flow rates are generally maintained at 1 £ using
critical orifices and the total flow is monitored through a czlibrated
flow meter. The total flow is also registered by a dry gas meter. Con-
concomitant with these parameters the temperature is continuously recorded
with a2 Meteorological Research, Inc. Weather Station since the break-
through volume is important in order to obtain quiantitative data on the
volatile organics. This portable sampling unit ep2rates on a 12 volt
storage battery and is capable of continuous operstion up to a period of
24 hours. However, in most cases at the rates whizh are employed in the
field, the sampling period is generally 1-3 hours. This portable sampling
unit is generally utilized for obtaining "high volume" samples. Duplicate
cartridges are deployed on each sampling unit wtilizing a sampling head
as shown in Figure A2.

In addition to the Nutech samplers, DuPont personnel samplers are
also used to acquire "low volumes" of ambient air as well as long-tarm
integrated samples (12-36 hrs). Identical Tenax GC sampling cartridges
are employed in this case, and the sampling is conducted in duplicate.

The flow rate is balanced betwecn duplicate cartridges using critical
orifices to maintain a rate of 25-100 ml/min per cartridge,

For large sample volumes, it is important to realize that a total
volume of air may cause the elution of compounds through the sampling
tube if their breakthrough volume is exceeded. The breakthrough volumes
of some of the volatile organics are shown in Table A2 (2,4,7,8). These
breakthrough volumes have been determined by a previcusly described
technique (2). The breakthrough volume is defined as that poiat at
which 50% of a discrete sample introduced into the cartridge is lost.

Although the identity of a compound during ambient air sampling is not



Figure A2. Sampling head for housing cartridge sawmpling train.



Table A2,

TENAX GC BREAKTHROUGH VOLUMES FOR SEVERAL ATMOSPHERIC POLLUTANTS®

Temperature (°F)

Chemical b.p.

Class Compound L9C) 50 60 70 80 90 100
Halogenated methyl chloride =24 8 6 5 4 3 2.5
hydrocarbon methyl bromide 3.5 3 2 2 1 1 0.9

vinyl chloride 13 2 1.5 1.25 1.0 0.8 0.6
methylene chloride 41 11 9 7 5 4 3
chloroform 61 42 3l 24 18 13 10
carbon tetrachloride 17 34 21 21 16 13 10
1,2=dichloroethane 83 53 41 31 2] 18 14
1,1,1-trichlorocthane 15 23 18 15 12 9 7
tetrachlorocthylene 121 361 267 196 144 106 78
trichlorocthylene 87 90 67 50 38 28 21
l=-chloro-2-methylpropene 68 26 20 16 12 9 7
3-chloro-2-methylpropene 12 29 22 17 13 10 8
1,2-dichloropropane 95 229 162 115 81 56 41
1,3-dichloropropane 121 348 253 184 134 97 70
epichlorohydrin (l-chloro=

2,3-epoxypropane) 1i6 200 144 1G4 74 54 39
3~chloro~1-butene 64 19 15 12 9 7 b
allyl chloride 45 2] 16 12 9 6 5
G-chlore-1-butene 75 4y. 36 27 20 15 12
I=-chloro-2-butene B4 146 1006 11 56 40 29
chlorobenzene 132 899 653 h13 344 249 181
o-dichlorobenzene 181 1,531 1,153 AGT G56 494 372
m=dichlorohenzene 173 2,17} 1,758 1,291 048 697 510

(continued)



Table A2 (cont'd)

Temperature (°F)

Chemical b.p.

Class Compound (°C) 50 60 70 80 90 100
Halogenated benzyl chloride 179 2,792 2,061 1,520 1,125 830 612
hydrocarbons bromoform 149 507 386 294 224 171 131
(cont'd) ethylene dibromide 131 348 255 188 138 101 14

bromobenzene 155 2,144 1,521 1,079 764 542 384
Helogenated 2-chloroethyl ethyl ether 108 468 336 241 234 124 89
Ethers Bis-(chloromaethyl)ether - 995 G674 456 Jjo9 209 142
Nitrosamines N-nitrosodimethylamine 151 305 280 204 163 148 107
N-nitrosodiethylamine 177 2,529 1,836 1,330 966 700 508
Oxygenoted acrolein 53 19 14 10 8 6 &
hydrocarbons  glycidaldehyde - 364 247 163 114 11 52
propylene oxide 34 35 24 17 1l 3
butadiene dicpoxide - 1,426 1,009 714 506 358 253
c¢yclohexene oxide 132 2,339 1,644 1,153 811 570 400
styrene oxide 194 5,30 3.926 2,870 2,094 1,531 1,119
phenol 183 2,071 1,450 1,073 ih9 554 308
acetopheconone 202 3,191 2,382 1,778 1,327 991 T40
f-propiolactone 57 721 514 366 261 186 132
Nitrogenous  nitromcthane 101 45 34 25 19 14 11
Hydrocarbons aniline 184 3,864 2,831 2,075 1,520 1,114 B17
Sul fur diethyl sulfate 208 40 29 21 15 11 8
Compounds ethyl methane sulfate R6 5,093 3,681 2,564 1,914 1,384 998

(continued)



Table A2 (cont'd)

Temperature (°F)

Chemical b.p.
Class Compound (°C) 50 G0 70 80 90 100
Amines dimethylamine 7.4 9 6 4 3 2 1
isobutylamine 69 i3 47 34 23 16 11
t-butylamine 89 6 5 4 3 2 1
di-(n-butyl)amine 159 9,506 7,096 4,775 3,105 2,168 1,462
pyridine 115 378 267 189 134 95 67
aniline 184 8,128 5,539 3,793 2,588 1,766 1,205
Ethers diethyl ether 34.06 29 21 15 11 8 5
propylene oxide 35 13 9 7 5 b 3
Esters ethyl acetate 77 162 108 72 48 32 22
methyl acrylate R0 164 111 15 50 34 23
methyl methacrylate 100 735 484 318 209 137 90
Ketones acetone 56 25 17 12 B 6 A
methyl ethyl ketone 80-2 82 57 39 27 19 13
methyl vinyl ketone 81 G4 58 40 28 19 14
acetophenone 202 3,346  3,B55 2,767 2,000 1,439 1,037
Aldehydes acetaldehyde 20 3 2 2 1 0.9 0.7
benzaldehyde 179 7,586 5,152 3,507 2,382 1,622 1,101
Alcohols methanol 64.7 1 1 0.8 0.6 0.4 0.3
n-propanol 97.4 27 20 14 10 7 3
allyl alcohol 97 32 2] 16 11 8 6

(continued)



Table A2 (cont'd)

Temperature (°F)

Chemical b.p.
Class Compound £ ) 50 60 70 B0 90 100

Aromatics benzene 80.1 108 17 54 38 27 19
toluene 110.6 494 348 245 173 122 86
ethylbenzene 136.2 1,393 984 693 4817 364 243
cumene 152.4 3,076 2,163 1,525 1,007 750 527

Hydrocarbons n-hexane 68.7 32 23 17 12 9 6
n-heptane 98.4 143 104 15 33 39 29
l1-hexene 63.5 28 20 15 11 8 6
l-heptene 93.6 286 196 135 93 64 44
2,2-dimethylbutane 49,7 0.5 0.4 0.3 0.2 0.2 0.1
2,4~dimcthylpentane 80.5 435 252 146 84 49 28
4-meLhyl-1-pentene 53.8 14 10 6 4 3
cyclohexane 80.' 49 36 26 19 14 10

Inorganic nitric oxide - 0 0 0 0 0 0

gases nitrogen dioxide " 0 0 0 0 0 0
chlorine - 0 0 E 0 0 Q
sulfur dioxide - 0.06 0.05 0.03 0.02 0.02 0.01
water 100 0.06 0.05 0.04 0.03 0.01 0

aBreakthruugh volume i3 given in /2.2 g Tenax GC used In sampling cartridpes.



known (tberefore, also its breakthrough voluze), the compound can still
be quantified after identification by GC/MS/COMP cnce the breakthrouzh
volume has subsequently been established. Thus, the last portion of the
sampling period is selected which represents the volume of air sampled
prior to breakthrough for calculating concentration. For cases in which
the identity of a volatile organic compound is not known until after
GC/HS, the breakthrough volume is subsequently determined.

Previous experiments have shown that the organic vapors collected
on Tenax GC sorbent are stable and can be quantitatively recovered from
the cartridge samplers up to 4 weeks after samplirg when they are
tightly closed in cartridge holders and placed in 2 second container
that can be sealed, protected from light and stered at 0°C £) .20

8.4 Analysis of Samples

The instrumental conditions for the analysis cf volatile organics
on the sorbent Tenax GC sampling cartridge is showrn in Table A3. The
thermal desorption chamber and the six port Valco valve are maintained
at 270° and 240°, respectively. The glass jet sepsrator is maintained
at 240°. The mass spectrometer is set to scan the mass range from 25-
350. The helium purge gas through the desorption chamber is adjusted to
15-20 ml/min. The nickel capillary trap on the irlet manifold is cooled
vith liquid nitrogen. In a typical thermal desorption cycle, a sampling
cartridge is placed in the preheated desorption chamber and the helium
gas is channeled through the cartridge to purge the vapors into the
liquid nitrogen capillary trap [the inert activity of the trap has been
shown in a previous study (5)]. After the desorption has been completed,
the six-port valve is rotated and the temperature on the capillary loop
is rapidly raised (greater than 10°/min); the carrier gas then introduces
the vapors onto the high resolution GC column. The glass capillary
column is temperature programmed from ambient to 240°C at 4°C/min and
held at the upper limit for a minimum of 10 min. After all the
components have been eluted from the capillary column, the analytical
column is then cooled to ambient temperature and the next sample is

processed (2).



Table A3. OPERATING PARAMETERS FOR GLC/MS/COMP SYSTEM

Parancter Setting
Inlet-manifold
desorption chamber 270°C
valve 220°C
capillary trap - mipicunm ~105°C
maximum +250°C
thermal desorptien time 4 min

GLC

HS

100 m glass SCOT SE/30
carrier (He) flow
transfer line to MS

sCan range
scan range, automatic-cyclic
filament current

wultiplier

ion source vacuum

25-240°C, 4°C/zin
“~3 ml/min
240°C

m/z 20 = 300

l sec/decade
300 pA

6.0 _

~4 x 10 ~ torr




An cxarmple of the analysis of volatile organics in ambient air is
shown in Figure A3 and the background frem a blank cartridge is shown in
Figure A4. The high resolution glass capillary column was coated with
SE-30 stationary phase vhich is capable of resolving a multitude of
compounds to allow their subscquent identification by HS/COMP techni-
ques; in this case over 120 compounds were identified in this chraﬁa-
togram.

8.4.1 Operation of the M3/COMP Swstem (Figure AS)

Typically the mass spectrometer is first set Lo operate in the

repetitive scanning mode. In this mode the magnew is automatically
scanned c<ponentially upward from a preset low mass to a high mass
value. Although the scan range may be varied depending on the particular
sample, typically the range is set from m/z 25 to w/z 300. The scan is
completed in approximately 1.8 seconds. At this t.jme the instrument
automatically resets itself to the low mass positicn in preparation for
the next scan, and the information is accumulated bty an on-line 620/L
computer and written onto magnetic tapes or the duzl disk system. The
reset period requires approximately 2.0 seconds. Thus, a continuous
scan cycle of 3.8 seconds/scan is maintained and repetitively executed
throughout the chromateographic run. The result is the accunulation of
a continuous series of mass spectra throughout the chromatographic run
in sequential fashion.

Prior to running unknown samples, the system is calibrated by
introducing a standard substance, perfluorokerosene, into the instrument
and determining the time of appearance of the known standard peaks in
relation to the scanning magnetic field. The calibration curve which is
thus generated is stored in the 620/L computer memory. This calibration
serves only to calibrate the mass ion over the mass scanning range.

While the magnet is continuously scanning, the sample is injected
and automatic data acquisition is initiated. As each spectrum is acquired
by tbe computer, each peak which exceeds a preset threshold is recognized
and reduced to centroid time and peak intensity. This information is
stored in the computer core while the scan is in progress. In addition,

approximately 30 total ion current values and an cqual pumber of Hall
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Figure A3. Profile of ambient air pollutants for Wood River, IL using high resolution gas
chromatography/mass spectrometry/computer.
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probe signals are stored in the core of the computer as they are acquired.
During the two-second peried between scans this spectral information,
along with the spectrum number, is written sequentially on disks, and

the computer is reset for the acquisition of the next spectrun.

Tiis procedure continues until the entire GC run is completed. By
this time there are from 800-1400 spectra on the disk which are then
subsequently processed. Depending on the information required, they
may then either be processed immediately or additional samples may te
run, stored on magnetic tape and the results examined at a later tire.

The mass spectral data are processed in the following manner,
First, the original spectra are scanned and the total ion current (TIC)
information is extracted. Then the TIC intensities are plotted against
the spectrum number on the Statos 31 recorder. The information will
generally indicate whether the run is suitable for further processing,
since it provides some idea of the number of unknovns in the sacple and
the resolution obtained using the particular GC column conditioms.

The next stage of the processing invelves the mass conversion of
the spectral peak times to peak masses which is dore directly via the
dual disk system. The mass coaversion is accemplished by use of the
calibration table obtained previously using perflucrokerosens. Normally
one set of the calibration data is sufficient for an entire day's data
processing since the characteristics of the Hall probe are such that the
variation in calibration is less than 0.2 daltons/day. A typical time
required for this conversion process for 1,000 spectra is approximately
30 min.

After the spectra are obtainsd in mass converted form, processing
proceeds either manually or by computer. Ia the manual mode, the full
spectrum of scans for the GC run is recorded on the Statos 31 plotter.
The TIC information available at this time is most useful for deciding
which spectra are to be analyzed. At the beginning of the runs where
peaks are very sharp nearly every spectrum must be inspected
individually to determine the identity of the component. Later in the
chromatographic run when the peaks are broader only selected scans need

to be analyzed.



Tdentification of resolved components is achieved by comparing the
mass cracking patterns of the unknown mass spectra to an eight major
pcak index of mass spectra (¢). Individual difficult uokXnowvns are
searched by the use of the Cornell University STIRS and FBY systems.
Unknowns are also submitted to EPA MSSS system for identificatien. hhen
feasible, the identification of unknowns is confirmed by comparing the
cracking pattern and elution temperatures for two different chroma-
tographic columns (SE-30 and Carbowax SCOT capillaries) for the unknown
and authentic compounds. The relationship between the boiling point of
the identified halogenated hydrocarbon and the elution temperature on a
non-polar column (the order of elution of constituents is predictable in
homologous series since the SE-30 SCOT capillary separates primarily on
the basis of boiling point) is carefully considerad in making structure
assignments.

Mass spectral search programs are operational at the Triangle
Universities Computation Center (TUCC). RTI maianltains twice daily
service to TUCC, which is a one-quarter mile distance from the RTI
campus. Additional information about each magnetir tape containing the
mass spectra of halogenated hydrocarbons is entered directly into the
TUCC job stream using a remote job entry processing. This is nermaily
done at TUCC using one of the five terminals located within the Analytical
Sciences Laboratory. The control information contains selected spectrum
pumbers with instructions to process entire GC runs. The computer
program systems compare simultancously either the entire library of
25,000 compounds or some subset of this library. The complete reports
showing the best fits for each of the unkncwas is produced at TUCC anc
printed out at the high speed terminals located on the RTI campus or
TUCC. Thus, the processing of the mass spectral data obtained for the
halogenated hydrocarbons in the samples collected proceeds by one of
three routes. Each censists of a different level of effort. The first
level is strictly a manual interpretation process which proves to be the
most thorough approach. The second level is executed when the interpre-

tation at the first level has not yielded conclusive results.



8.4.2 Quantitative Analvsis

In many cases the estimation of the level of pollutants by capil-
lary gas chromatography in combination with mass spectromclry 15 not
fezsible utilizing only the total ion curremt monitor (See Figure A3 for
example). Since baseline resolution between peaks is not always achieved,
we employ the techaiques which have been previously developed under
contract whereby full spectra are obtained during the chromatographic
separation step and the selected ions are presented as mass fragmectogranms
using computer software programs which allow the possibility of decoavelu-
ting constituents which were not resolved in the tetal ion current
chromatogram (6). Examples are depicted in Figures A6 and A7 which
represent an ambient air sample with a TIC profile as in Figure A3.

In our gc/ms/comp system, we request from the Varian 620/L dedi-
cated computer mass fragmentograms for any combination of mfe ions when
full mass spectra are obtained during chromatography; thus selecctivity
is obtained by selecting the unique ien for that particular organic
substance 2nd this is represented vs. time with subsequent use of that
jon intensity for quantitation. Also quantitation with external stan-
dards is easily achieved using the intensity of the total ion current
mopitor or the use of a unique mass cracking ion in a mass spectrum of
the external standard. Thus, we use mass fragmentography for the
quantitation of organics in ambient air when the total ion current
monitor is inadequate because of the lack of complete resolution between
components in the mixture.

As described previously, the quantitation of constituents in am-
bient air samples is accomplished either by utilizing the total ion
current monitor or where necessary the use of mass fragmentograms. In
order to eliminate the need to obtain complete calibration curves for
each compound for which quantitative information is desired, we use the
method of relative molar response (R'MR) factors (10). Successful use of
this method requires information on the exact amount of standard added
and the relationship of RMR (unknown) to the RMR (standards). The

method of calculations is as follows:
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Figure A6. Maos fragmentograms of characteristic ions representing carbon tetrachloride (m/ 117),
tetrachloroethylene (m/z 166) and m-dichlorobenzene (m/e 146) in ambient afir.
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Figure A7. Mass fragmentograms of characteristic ions representing methylene chloride
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(1) RMR

unknown/standard A_,g/loles

A = peak area, determined by integration or triangulation.

The value of RMR is determined from at least three independent
analyses.
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std’ ®std std
A = peak area, as above

number of grams present
gram molecular weight
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Thus, in the sample analyzed:
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(3) Eunk T A

LY 'F"munkjs td

std

The standard can be added as anm internal 'staandard during sampling;
however, since the volume of air taken to produce a given sample is
accurately Lknown, it is also possible and more practical to use an
external standard where the staadard is introduced into the cartridge
prior to its zpalysis. Two standards, hexafluorobenzene and perfluoro-
toluene, are used for the purpose of calculating RMR's. From previous
research it has been determined that the retention times for these two
compounds are such that they elute from the glass capillary column (SE-
30) at a temperature and retention time which does not interfere with
the analysis of unknown compounds in ambient air samples.

Since the volume of air taken to produce a given sample is accura-
tely known and an external standard is added to the sample, then the
weight per cartridge and hence the concentration of the unknown can be’
determined. The approach for quantitating ambient air pollutants
requires that the RMR be determined for each constituent of interest.
This means that when an ambient air sample iSTtaken, the external standard
is added at & known concentration during the analysis. It is not impera-

tive at this point to know what the RMR of each of the constituents in



the sample happens to be. However, after the unknowns are identified

then the BMR can be subsequently deternined and the unknown concen-

tration calculated in the original sample using the RMR. In this manner

it is possible to obtain qualitative and quantitative information on the

same sample with a mininum of effort.
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