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1.0 Introduction 

Old Love Canal is a 16 acre land field site o~-ned by the city of 

Niasara Falls and a private individual. The land fill is bordered by 

single family residences and a pl~yground and school are also located on 

this land fill. The canal was designed to provide a waterway around 

Niagara Falls. However, it was used as a disposal area for the Hooker 

Chemical and Plastics Company (a variety of drur.:.~ed 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 n,,t available at the 

time this program was executed. 

Besinning in about November of 1976, New York state and the city 

began taking samples in the area in response to citizens complaints. 

The program identified the presence of PCBs and heY.achlorocyclopentadiene 

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 intention to sample ambient 

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

2.0 Experimental Methods 

2.1 Ambient Air Samoling 

The sampling strategy which was adopted included sampling at 1 

upwind and several do~-nwind 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 App~ndix A. Tl:, collecti~n 

method involved usins battery operated personnel sar.pling systems vhich 



were portable and independent of any power supply allowing the selection 

of optimum sampling sites near homes on the Old Love Canal . Table 1 

presents the sampling protocol !or this area. Table 2 pre:ents the 

meteorology for the two day period 
• 

of sampling. Figure l depicts the 

sampling locations throughout the Old Love Canal at the upwind and 

downwind lC>cations respectively for the entire sar.ipling period. 

2.2 Analysis Methods 

The sampl es collected on Tcnax GC cartridges ~ere analyzed usin 5 

thermal u.:sorption and glass capillary, gas chrom,,tography/1:1ass spectro ­

metry/computer techniques. These procedures are described also in 

Appendix A. Prior to the analysis of samples, pe::-f.luorotoluene and 

perfluorobenzene were added as standards to each :.,,mpling cartridge in 

order that quantification could be achieved of t ho individual organics. 

Quantitative analyses of the samples for the following compounds 

were eond•Jcted. 

a. Benzene 

b . Chloroform 

c . Carbon tetrachloride 

d . Trichlorethylene 

e. 1 ,3- Hexachlorbutadicne 

f . Other halogena t ed hydrocarbons which were identified in 

household basements in February of 1978. 

2.3 Quality Control and Assurance 

For quality control purposes, several cartridges which were trans­

por ted and stored in a similar manner to the samples which were taken in 

the fi~ld. These blanks were employed to determine the backsround cor ­

tribution and possible contamination from the prcp~ration, transportal i on, 

and sto r age of the Tenax GC. 



'!'a:>:'..e l. ~:.SlE:)."1' AIR MONITORING PROTOCOL FOR "OLD LOVE" CANI\L Ai\EA OF 

NIAGARA FALLS, NY 

Location(Address) Date Time Period of Volume Air Collected 
Monitoring (i) 

1. (703 97th 

2. (703 97th 

3. (783 97th 

4. (791 97th 

5. (915 97th 

6. (746 99th 

7. (502 99th 

8. (476 99th 

9. (474 99th 

10. (99th St. 

11. (93rd St. 

St.) 

St.) 

St . )b,c 

St.) 

St.) 

St.) 

St,) 

St.)b 

St.)b 

Elementary 

Elementary 

School) 

·school) 

7/6/78 

7/6,7/78 

7/6,7/78 

7/6/78 

7/6,7/78 

7/6/78 

7/6/78 

7/6/78 

7/6,7/78 

7/11/78 

7/12,13/78 

1028-1747° 

1759-0810a 

2113-0838 

0927-1515 

1550-0857 

0857-1720 

1102-1737 

1045-1637 

1700-0927 

0910-1510 

0840-1310 

22 

42 

34 

17 

51 

25 

17 

18 

49 

22 

19.5 

0 sampler was pl'accd in nearby yard, a corner lot and upwind of the "canal". 

b llouscs which were previously included in the February 1978 basement ·air monitoring. 

eLoc:ition of RMI. wear.her station. 



Table 2, Y.ETEOROLOGY FOR JULY 6 AND 7, 1978 IN THE OLD LOVE CANAL AREA, 

NIAGARA FALLS, NY 

Date Time Temp (C 0 ) Wind Speed/Direction 8 Wind Speed/Di rection b . 
(l<M/Hr) (KM/Hr) 

7/6/78 1000 25 3 I s 1) SW 

1200 28 3 I s 17 SIi 

1400 29 3 I s 20 SSIJ 

1600 29 2 I SSW 24 $\.I 

1800 29 <2 I SSW 24 S\.I 

2000 27 <2 I SSW 18 S\.I 

2200 23 calm 15 S\.I 

2400 22 ca lm 1) SW 

7/7/7C 0200 20 calm 1) SSW 

0400 20 calm 9 SSW 

0600 19 calru 13 SSW 

0800 23 calm 14 SSW 

. 1000 27 2 I s 20 SSW 

'l-lRI "cut her station, 6 • above ground level, 

b 
Nf11r,a~;1 Fal l s , !IY Weather Station. 
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Figure 1. l'.ap of "Old Love C.inal" area of Niagara F.Jlls , N'Y -
Sampling locations for ambient air outside of homes. 



A chain of custody record was maintained from the time that the 

sampling cartridges were prepared to the time the data was returned to 

the Principjl Investigator for inclusion into the fin3l report. As the 

chain of custody changed hands from one investigator to another for each 

step of the procedure, signatures were required to document this transfer. 

·A copy of a 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 personnel took a1nhieot air samples on 

and near ~he Old Love Canal area. This s2mpling t=ip was also coordinated 

"1ith another program ,,hich i-·as interested in the haman body burden for 

halogenated hydrocarbons (which were identified i11 the household air 

basement in February of 1978). 

The sampling protoco l req uired RTI to take c•>ncurr ent upwind <101.·nwind 

samples of 8 to 12 hour duration. Samples at eaci.i 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 2nd 

was calm on July 7. 

The estimated levels of halogenated compounds in ambient air 

outside the homes of Old Love Canal and Niagara, 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 homes from this site. In many cases, each of the compounds which had 

been identified and detected in samples from the sae1pling conducted 

during February of 1978 were also detected in July. 



--

Table 3. ESTIMATED COMPOUNDS HOMES OF LEVELS OF HALOGENATED IN A,'{BIENT AIR OUTSIDE 

"OLD LOVE CAN11L" NY8 • NIAGARA, 

tOCftt lon Co11pound 

I 2 ) 4 s 6 8 9 10 9lrd 0 99th• 

Chloroform IS,846 lOS,461 70,)08 )0,231 1,)8) Sl,691 1,0SO 19,692 SS,92) Sl,lSO 1,700 

Corbon tetrochloride 2,000 ),692 2,92) 1,61) 2,2)1 1,000 1,000 Tb T T 

1,l - dlchloroeth3ne - - - - C - - -
1.2-Jtchlorotth~ne - - - - T - HQd T 

l,l,1-trlchloroethane 2,111 5,444 · 2,222 1,778 4,222 1,444 2,667 1,667 840 97S 

Trlchloroethylene - - 28S - - 611 - - T 

Tetr~chlurocth1l~ne S91 714 7JS , 14,000 647 400 7SO 2,111 122 )20 )89 

Chlorobcnz:ene 119 T T T T T T 

Dtchlorobenzene (2 ioo01ero) l?O 206 T )SJ T JSO 444 - T 

1,2 - Jlchlaropropane ·- - T T -
Chlorot~lucne (2 leo,..ra) T T 1,2)) 647 T 2,7SO T T - -
ChlurobcnzalJthydc t,oi::ier - - - - - -
Dtc h lorotoluene () 11omcr1) T - - 648 T T soo T T - -
Chloro11dpthalene ' l s oo,.er T - - ·r T T T -
Droaotoluenc loomcr - - - T - -
Olchlorobenzaldehyde tao11er - T - - T T - -
Trlcl , lorobcnicne () ia.on,ere) - T - 1' T T - T T -
1,2-0tbToaoeth3ne - T - T T T -
Trlcl 1lorotoluene (S teomcra) T T T T T T T T T - -
Tetr Achlorotoluene lao1:1cr - T T - - T - -
Brnir.ochlorotoluene. l0oa1er - - - T - - - - -
Chlor~b•n•o~lchloro!luorlde isomer - - - - - - - - -

(CONTI~1JEO) 



Table) (cont'd) 

-
Co•pound 

I 2 4 

Lo"· .:at l on 

1 9 10 ?°Jrdc 9'9th • 

Chlot\)bitniotrlfluorid~ (2 l •o..,r a) - - - - - - - - -
I, 1• b I$• (Ir Ir luoro~ll,yl)b en,cn c - - - - - - - - -
r~nt,chlorob~n , en~ - - - - - - - - - - -
Tc tt J(hloroblnl~ne () l•o""r• I - - - T T T )00 T T -
l.l•h~ ~• ~hl~robut ad!~ne - - T - - T - - T -
l,2 · dlct,lorotthyl•n• - - - T - - T - T -
B<n.l en c 1, 86) 2, 214 l, 76S l, 111> 2, 019 1,680 2,4 11 4 , 111 4 ,041 - -
aValuPS are ng/mg3 , location No, l was "upwind" , 

00 
bTrace. 

cNot de te cted . 

dNot quantitated. 

eElementary schools . 
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SAJ1PLI1'G A.\-0 ,\.'l,\LYS rs OF VOLATI Lt ORG:~;1 C CO~!POt:"/:Ds IN A:1a1 E:ST AIR 

1.0 Princiclc of ~c thod 

Volatile orgJnic ~ompounds are concentrated from ambient air onto 

Tcnax GC in a short glass tube (1-3). Recovery of the vo!Jtile orga nics 

is acco mplished by thermal dc5orption and puri;in& wi th hcliu;:1 into a 

liquid nitrogen cooled nickel capillary trap (1,2,4) and then t l1c vapors 

arc introduced into a high resolution glass gas chroma tographic column 

where the constituents are separated from each oLher (2,S). Cha:ac­

tcrizatioo and quantification of the constituents i n the sa ~ple are 

accomplished by mass spectrometry either by measuring the inte ns i ty of 

the total ion current signal or cass frag~entograpby (2,6). The coliec­

tion and analysis systems arc sbo~7l in fir,ure A-!. 

2.0 Range and Sensitivity 

The linear range for the analysis of volatile organic co~pounds 

depends upon two principal features. The first i s a func~ion of the 

breakthrough volume of each specific compound wh:.ch is trapped on the 

Tcnax GC sampling cartridge and the second is rc) .ated to the in!J~rcnt 

sensitivity of the mass spectrometer for each orcanic (2,7) ~ Thus, the 

range and sensitivity arc a direct function of each compound which is 

present in the original ambient air. The linear range for the quantita­

tion on the gas chromatogr:aph/roass spectrometer/computer (GC/NS/CO~lP) is 

generally 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 

compounds (C to c alkanes) is inadequate for the purpose of this 
1 5 

study. Alternate methods for their collection and analysis are su1-

gested (11). 

3.0 Interferences 

The potential difficulties with this technique are primarily asso­

ciated with those cases where iso meric forms of a particular subst~nce 

cannot be resolved by the high resolution cbromatcgraphic colUZ1n and 

when the mass cracking patterns of each of the isomers arc identical. An 

example of such a problem ir seen with the c -all:yl aron,atics of 1.·hich 
5 
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' 
Table Al. OVERALL TICEOR.ETICAL SENSITIVITY OF HIGH RF.SOLUTION 

GAS ClffiOMATOGMPIIY /COl1PlJTER ANALYSIS /t1ASS SPECTROl'IF.TRY 
FOR ATHOSPIIF.RIC POLLUTANTS 

Estimated Dcteqtion 
L. . ta lffll 

Chernicol 
Class Compound nr,/m3 ppt 

J111logen11ted 
hydrocarbon 

Vinyl bromide 
Dromoform 
Dromodichloromethane 
Dibromochloromethane 
l-nrom o- 2- chlorocthane 
Allyl bromide 
1-Dromopropone 
1-Chloro - J-bromopropane 
l-Cliloro-2,3-dibromopropane 
l,l-Di hromo-2-c hloropropane 
1,2-Uibromoethnne 
1,3-Dibromopropane 
Epichlorohyclrin 

(l - Chloro -2 , 3- cpoxypropane) 
Epibromohydrin 

(l-nromo - 2,3-epoxypr.opnne) 
Dromohenzenc 

Hcthyl bromide 
Hclhyl chloride 
Vinyl · chloride 
Hcll1ylcne chloride 
Chlorof orm 
C:irhon tetrachloride 

(continued) 

250 
0. 31,0 
1.300 
0.667 
1.00 
5.00 
5.200 
0. I 50 

"-0. JOO 
"-0.100 

0.530 
"-0.I OO 

9.600 

0.300 

0.10.> 

500 
2000 

ROO 
700 
200 
2~,o 

57 
0.03 
0.22 
0.07 
0.67 
l. QI, 
1.06 
0.01 

<O.Ol 
<0.01 
0.07 

"-0. 0 I 
2.50 

0.05 

0.02 

135 
1000 

333 
200 
420 
400 



Table Al (cont'd) . 

Estimated Detection 
Limita 

Chemical 
Class 

Halogenated 
hydrocarbon 
(cont'd) 

Jlalogenated 
ethers 

Jlitro11amincs 

Oxygenated 
hyd1·oca rhons 

Compound 

1,2-Dichlorocth~ne 
l,l,l-Trichloroeth11ne 
Tetrachloroethylcne 
Trichloroethylene 

l-Cl1loro-2-methylpropcne 
3-Cltloro-2-1nethylpropcne 

3-Chloro-l-butene 
Allyl chloride 
4-Chloro-l-butcne 
l-Cl1loro-2-butcne 

Chlorohcnzenc 
o-Dichlorobcr1zene -r.i-Dichlorobcnzene 
Bcnzylchloride 

2-Chloroethyl. ethyl ether 
Bis-(chloromcthyl)cther 

»-llitrosodimethylaminc 
N-Nitroso<licthyl~mine 

Acrolein 
Glyci,laldchyde 
Propylene oxide 

(continued) 

32 
66 

2.5 
10 

62 
62 

83 
8) 
33 
13 

2. 10 
1.00 
o. 75 
0. 6'.i 

4. 15 
1. 0 

5.0 
3.0 

-..100 
"-S? 
"-60 

ppt 

8.15 
12.45 
0.)8 
1.92 

21. S 
21.5 

28.8 
28.8 
1).2 
4.5 

0.47 
0.06 
0.01 
O.Ol 

0.97 
1.10 

1.67 
0. 74 

56. 5 
9.5 

25.5 



Tnble Al (cont'd) 

Estimated Detection 
L .. ta 

lml 

Cht"D!ical . 
Class Co::tpound ng/m 3 ppt 

Oxygenated · 
hydrocarbons 
(cont'd) 

Nitrogenous 
Coropounds 

Sulfur 
Compounds 

Butadicne diepoxide 
Cyclol1cxenc oxide 
Styrene oxi de 

Acetophenone 
fl-Propiolac t one 

Nitromethane 
Aniline 

Diethyl sulfate 
Ethyl methane sulfate 

"-20 
"-10 

2 

8 
3.0 

"-SO 
"-5.0 

6.7 
2.5 
0.415 

"-0.415 
"-l.2 

"-2. 4 
0.78 

--
aLiroits are calculated on the basis of the br1:akthrough volume for 2.2 g of Tenax CC (at 70°F), 

capillary column performance an,J sensitivity of the mass ~prctro~eter to that compound in tl1e 
m~ss fraGmentograpl1y mode of most intcnsc·io11. 



there are 53 isomers. As the nw:,ber of carbon atoms incrc.1ses i:i the 

hydrocarbons and aro;:iatics, the number of potential isomer s becor.:es 

increasingly large and difficult to completely resolve by gas chroma­

tography and/or by their corresponding mass cracking paiteros. Ho"e~er, 

differentiation bet"een the hydrocarbons, that is, alkanes, alkcnes, 

aromatics, oxygenated, etc., can be accomplished. 

4.0 Reproduci~ility 

The reproducibility of this oethod has been determined to ran&e 

from ±10 to ±30% o[ the relative standard deviation for dif ferent subs­

tances "·heo replicate sampling cartridges are exa::iined (5). The inhe­

rent analytical errors are a function of several factors: fl) the 

ability to accurately determine the breakthrough ·,ulume for each of the 

identified organic compounds; [2] the accurate measurement of the am­

bient air volume sampled; (3] the percent recovery of the or&anic from 

the sair.pling cartridge after a period of storage; [4] the r::pr oduci­

bility of thermal d~sorption for a compound from tJe cartridge aod its 

iotroductloo ioto tbe analytical system; (SJ the accuracy of determiniog 

the relative molar response ratios bet"een the identified substance a:id 

the external st~n~~rd used for calibrating the analyticJl sy~tem, (6) 

tbe reproducibility of transmitting the sample through the high resolu­

tion gas chromatographic column; and (7] the day-to-day reliability of 

the t!S/CO~!P system (1-8). 

The accuracy of ~nalysis is generally ±30% but depends on the 

cberaical and physical nature of the compound (2,8). 

5.0 Advantages and Disadvantages of the Hethod 

The gas chromatograph/mass spectro mete r interfaced ~ith a glass jet 

separator is extremely sensitive and specific for the analysis of many 

volatile organic compounds in ambient air. High resolution gas chroir.a­

tographic separation provides adequate resolution of the substances 

found in ambient air for their subsequent quantification. The com­

bination of the high resolution gas chromatographic col wnn and the 

&election of specific or unique ions represen:ing the vario~s compounds 

of interest identified in tbe air samvles yields a relatively specific 

assay method for these compounds (1-8). 



Collected sa~i;,les can be stored up to one month ,,ith less than 10~ 

losses for most of the chemical classes (2,8). Because some of the 

compounds of interest may be h3zardous to man, it is extrer::ely i mportant 

to exercise safety precautions in the preparation and disposal of liquid 

and gas standards, cleaning of used glassware, etc. in the analysis of 

air sar.iples. 

Since the mass spectrometer cannot be conveniently mobilized, 

sampling must be carried out a~ay from the iostrt!ll:ent. 

The efficiency of air sampling increases as the ambient air de­

creases (i-!-, sensitivity i11creases) (8). 

The retention of ,,ater by Tenax is lo~; its thermal stability is 

high; an'd its background is negligible allo,,iog sensitivity analysis 

(1,2,5,8). 

6.0 App.1ratus 

6.1 San:pl ing Cartridges 

The sa~pliog tubes are prepared by packing a ten centimeter long by 

1.5 cm i.d. glass tube containing 6 cm of 35/60 ~esh Tenax GC ~ith glass 

wool in the ends to provide support (2,5). Virgin Tenax (or material to 

be recycled) is extracted in a Soxhlet apparatus far a micimwn of 18 

hours each time with acetone and hexane prior to preparation of cart­

ridge samplers (2,5). After purification of the Tenax GC sorbent and 

drying in a vacuum oven at l00°C for 3 to 5 hours at 28 inches of 1.·ater, 

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 fo~ 30 min. The conditioned cartridges 

are transfe:-red to Kimax® (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 may be prepared 

using a proportionally increased amount of Tenax in order to achieve a 

larger breakthrough volume for compounds of interest, and thus increa­

sing the overall sensitivity of the technique (8). 

6.2 Gas Chromatographic Column 

A 0.35 mm i.d. x 100 m glass SCOT capillary column coated vith SE-

30 stationary phase and 0.1% beozyltriphenylphosphonium chloride is used 



for effecling the resolution of the volatii.e ori;anic co:;,pounds (5). The 

capillary vol~~e is conditioned for 48 hrs. at 245° at 2.25 ml/~in of 

helium flow . 
.!, gl.ass jet separator on a Varian 11.;T CH-7 GC/HS/CO'.lP system is 

. 
etr.ployed to interface the glass capillary column to the c,ass spectro-

meter. The glass jet separator is maio~ained at 240°C (2,5). 

6.3 Iolet Hanifold 
An inlet ciaoifold for thcrnally recovering vapors trapped on Tena~ 

sampling cartrid1es is used and is shown in Figure Al (1,2,4,5). 

6.4 Gas Chrom~to~raoh 

A Varian 1700 gas chromatograph 1s used to house the glass capil­

lary column and is interfaced to the inlet oanifold (Figure Al). 

6.5 Hass Spcctromcter/Co:;,~uter 

A Varian tL~T CH-7 mass spectrometer with a resolution of 2,000 

equipped with a single ion monitoring capabilit}" is used in tandem ·with 

a gas chromatograp~ (Figure Al). The mass spectrometer is interfaced to 

a Varian 620/L computer (Figure Al). 

7.0 Reagents and Haterials 
All r eagents used are analytical ,c~~c~L grade. 

8.0 Procedure 

8.1 Cleaning of Glassware 
All glassware, sampling tubes, cartridge holders, etc. are washed 

in Isoclean/water, rinsed with deionized distilled water, acetone and 

air dried. Glassware is heated to 450-500°C for 2 hours to insure that 

all orgaoic material has been removed prior to its use. 

8.2 Preparation of Tenax GC 
Virgin Tenax GC is extracted in a Soxhlet apparatu~ for a minimum 

of 18 hours with acetone or methanol prior to its use. The Tenax GC 

sorbent is dried in a vacuum oven at l00°C for 3-> hours and then sieved 

to provide a fraction corresponding to 35/60 mesh. This fraction is 

used for preparing s~mpling 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 viriin 

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 accw:,ulated on the sorbent bed during previous 

sampling period~. 

8 .3 Collection of Volatile Orcanics in A~bient Air 

Continuous sampling of ambient air is accomplished using a ~utech 

Y,odel 221-A portable sampler (~utech Corp., Durha~ , SC, see figure Al, 

Reference 2). Flow rates between 1-10 £/min arc available with this 

sampling system. flow rates are zenerally maintained at l £ using 

critical orifices and the total flow is monitored through a calibrated 

flow meter. The total flow is also registered by 1 dry gas meter. Con­

concomitant with these parameters the temperature is continuously recorded 

\.'ilh a Heteorologicll Research , Inc . \leather Station since the break­

through volume is important in order to obtain qu3~titative data on the 

volatile organics. This portable sampling unit operates on a 12 volt 

storage battery and is capable of continuous opera:ion up to a period of 

24 hours. However, in most cases at the rates whi~h are employed ia the 

fie l d , the sampling period is generally 1-3 hours. This portable sa~pling 

unit is generally utilized for obtaining "high · volume" samples. Duplicate 

cartridges are deployed on P.acb sampline unit utilizing a sampling he~~ 

as shown in Figure A2. 

In addition to the Nutcch samplers, DuPont personnel sa~plers are 

also used to acquire "lo"· volumes" of ambient air as well as long-term 

integrated samples (12-36 hrs). Identical Tenax GC sampling cartridges 

are employed in this case, aad the sacpling is conducted in duplicate. 

The flow rate is balanced between duplicate cartridges using critic~l 

orifices to maintain a rate of 25-100 ml/min per cartridge. 

For large sample volwnes, it is irr,portant to realize that a total 

volume of air ,may cause the elution of cor:ipounds through the sampl in •g 

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· previously described 

technique (2). The breakthrough volume is defined as that poi~t at 

which 50% of a discrete sample inLro~uced into the cartridge is lost . 

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



Fi gure A2. Sampling head !or housing ca rtri dge sampli ng train. 



Table A2. TEN/\JC GC BREAKTIIROUGII FOR SEVERAL ATI10SPIIERIC POLLIITNITS VOLUliF.S 0 

Temperature (Of) 

Chemical b.p. 
Class Compound (°C) 50 60 70 80 90 100 

l!alogenated 
hydrocarbon 

methyl 
methyl 
vinyl 

chlori de 
hromide 

chloride 

- 2'• 
J.5 

13 

8 
J 
2 

6 
2 

1.5 

5 
2 

1.25 

4 
1 

I. 0 

J 
l 

0 . 8 

2.5 
0.9 
0.6 

methylene chloride 
chloro(orm 
carbon tetrachloride 

41 
61 
77 

11· 
42 
31, 

9 
JI 
27 

7 
24 
21 

5 
18 
16 

4 
13 
13 

3 
10 
10 

l,2-dicl 1loroetbanc 
1, 1,l-trichlorocthanc 
tetrochloroctl1ylcne 
trichloroctliylcnc -

8 '.l 
75 

121 
87 

SJ 
23 

)61 
90 

41 
1 8 

267 
67 

Jl 
15 

196 
50 

2) 
12 

}l,4 
38 

18 
9 

106 
28 

14 
7 

78 
21 

l -cl,loro-2-methylpropene 
3- chloro-2-mcthylpropcne 

60 
72 

26 
29 

20 
22 

16 
17 

12 
lJ 

9 
10 

7 
8 

1,2-dichloroprop~ne 
l,J-dichloropropane 
epichlorohydrin (1-chloro 

2,3-epoxypropa11e) 
• 

95 
12\ 

l l 6 

229 
Jl,8 

200 

162 
253 

144 

115 
181, 

lG~ 

81 
134 

74 

56 
97 

54 

41 
70 

39 

J-cl1loro-l-butcne 
al lyl ch loride 
4- c11loro-l-b11tcn e 
J-c:hloro-2-hutcne 

64 
45 
75 
Ill, 

19 
21 
t.. 7 -

11,6 

15 
16 
J6 

106 

12 
12 
27 
77 

9 
9 

20 
56 

7 
6 

15 
40 

6 
5 

12 
29 

chlorobcnzcnc 
o-<lichlorour.nzcne 
m-,1 i ch I orohe111.cnf> 

1)2 
181 
17] 

899 
l ,SJl 
2, ) ')) 

65) 
l,ISJ 
1,7~1\ I 

{, 7 J 
867 
2'J I 

' 

)44 
656 
91,R 

2~9 
4')1, 

6'17 

181 
)72 
510 

(continuccl) 



Tabl e A2 (cont ' d) 

-
Temperatu r e (Of) 

Chemical b.p. 
Closs Compound (OC) 50 60 70 80 90 100 

Jlalozenated bcnzyl chloride 179 2 ,792 2 ,061 1,520 1, 125 830 612 
hydroc .1rbons bromoform 149 S07 386 291, 221, 171 131 
(con t' d) ethylene dib romide 3t,8 131 255 188 138 101 74 

bromobenzene 155 2 , 14/, 1, 521 1,079 764 542 384 

llelor,ena t ed 2-chlo roethyl ethy l ether 108 468 336 241 2 31, 124 89 
Ethers Bi s- (chlorom ethyl)c t he r - 995 6 7 I, 456 309 209 142 

Nit rosa mines N-nit rosodime t hyl amine 151 385 280 204 163 148 107 
N-nitrosodiethyl amine 177 2,529 1,836 1, 330 9(,6 700 508 

. 
Oxygenated ocro l ein 53 

' 
19 14 10 8 6 4 

hydrocarbons glycidaldchyd e - 364 21, 7 1(,3 114 77 52 

propyle ne o:tid e 31, 35 24 17 11 8 5 
hutat.liene dicpo xid e - 1 ,426 1, 009 714 506 358 253 

cyclohexene oxide 132 2, 339 1, 644 1, 153 811 570 400 
styrene oxi t.lc 191, 5,370 3 , 926 2,870 2, 091, 1, 531 1, 119 phc-nol 18) 2,071 I , t,,;o 1,077. 7 (,9 551, 398 acetophconone 202 ) t 191 2 f 3/l 2 1,778 1 , 327 991 71,0 
~-prop iolacton e 57 721 514 366 261 11!6 132 

llit roccnous nit romett.ane 101 45 Jl, 25 19 14 11 Hydrocarbon s anili ne l 81, 3,864 2,831 2,075 1,520 1, l ll , 817 

Sul fur di<'lhyl sul fat e 206 40 29 21 15 1 l Compounds e t hyl methane sulfate 86 5 , 0'13 3, 6111 2 , 5(,(, 1,911, 1,J84 998 
8 

( l·o11tin11e<l) 



Table A2 (con t 'd) 

-
Temperature (OF) 

Chemical b.p. 
Clos:, Compound (°C) 50 GO 70 80 90 100 

Amines dimet hylamin e 7.4 9 6 4 3 2 1 
isobutylamine 69 71 47 34 23 16 11 
t · butylamine 89 6 5 4 3 2 1 
di - (~-butyl)am i ne 159 9,50G 7,096 4,775 3 ,105 2,168 1,462 

pyridine 115 378 267 189 1J4 95 67 
aniline 184 S,128 5,559 3,793 2 ,588 1, 766 1,205 

Ethers diethyl et her 34.6 29 21 15 11 8 5 
propylene oxide 35 lJ 9 7 5 4 J 

Esters ethy l acetat e 77 162 108 72 48 32 22 
methyl acrylate llO 164 111 75 50 31, 2J 
m~thyl methacrylate 100 735 1,81, 318 209 137 90 

Ketones acetone 56 25 17 12 8 6 4 
methyl e thyl ketone 80- 2 82 51 39 27 19 13 r, ,, methyl vinyl ketone 81 58 40 28 19 14 
acctophcnone 202 5,346 3,855 2 ,767 2,000 1, 439 1,037 

Al dehydcs acctaldchyde 20 3 2 2 1 0.9 0.7 
bcnza I drhy,le 179 7,586 5 I 152 3,507 2,382 1,622 1, 101 

l\lcohols mcthnnol 64.7 l l 0.8 0.6 0. ,, O. J 
~- propano l 97 .4 27 20 14 10 7 5 ' al lyl alcoho l 97 32 23 16 1 l 8 6 

(continued) 



-
-
-
-

Table A2 (cont'd) 

Temperature (°F) 
Chemical b.p. 
Clnss Com;,ound (OC) 50 60 70 80 90 100 

Aromatics benzene 80. l 108 77 54 JS 27 19 
t oluene 110.6 494 )l,8 2t,5 17) 122 86 
ethyl benzen e 1)6.2 1, )9) 981, 693 l,6 7 )I, 4 21,3 

. cumcne 152.4 J,076 2, I 6J 1,525 1,067 750 527 

Hydrocarbons n- hcxone 68.7 J2 2) 17 12 9 6 
!!_- heptan e 98. 4 143 104 75 55 39 29 

1-hexr.ne 63. 5 28 20 15 11 8 6 
1-heptcne 9J.6 286 196 135 93 64 44 

2 , 2- <limet hyl butnne 49.7 0.5 0.4 O.J 0.2 0.2 0.1 
2,4 - dimethylpentane 80,5 4JS 252 146 84 49 28 
4- methyl-l -pent ene 5J.8 14 10 8 6 4 3 

cyc l ohexane 110, ·., 49 J6 26 19 14 10 

Inorganic nitric oxid e 0 0 0 0 0 
gases nitrogen dioxide 0 0 0 0 0 

chlorine 0 0 0 0 0 
sul(ur dioxide 0.06 0.05 O.OJ 0.02 0.02 0.01 
wat er 100 0.06 0.05 o.ot. 0.0) 0.01 0 

~r eakthrou&h volume i s given in t/2 . 2 g Tenox CC used in s:,mpling cnrtridr,es. 

0 
0 
0 



t.nown {therefore, also its breakthrough voluce), the compound can still 

be quantified after identification by GC/MS/CO~P once the bre~ kthrough 

volume has subsequently been estJblishcd. Thus, the last portion of the 

samplin£ period is selected which re~resents the volume of air sampled 

prior t o breakthrough for calculating concentration. For cases in which 

the identity of a volatile organic compound is not known until after 

GC/tJS, the breakthrough volume is subsequently dete rmined. 

Previous experiments have shown that the organic vapors collected 

OD Tenax GC sorben t are stable and can be quantitatively recovered f,om 

the cartridge samplers up to 4 weeks after sa mplir& when they are 

tightly closed in cartridge holders and placed in a second container 

that can be sealed, protected from light and stored at 0°C (1,2) . 

8.4 Analvsis of SJm~les 

The instrwr.en~al conditions for the analysis cf volatile organics 

on the sorbent Tenax GC sampling cartridee is sho~·r. in Table A3. The 

thermal desorption chamber and the six port Valeo valve are maintained 

at 270° and 240°, respectively. The glass jet seporator is maintain~d 

at 2~0°. The mass spectrometer is set to scan the mass range from 25-

350. The ~~liUJT' pi,rge gas through the ~~>◊!l'~in~ chamber is adjusted to 

15-20 ml/min. The nickel capillary trap OD the inlet manifold is cooled 

vith liquid nitrogen. Io a typical thermal desorptio~ cycle, a sampling 

cartridge is placed in the preheated desorption chamber and the heliwn 

gas is cb~nncled through the cartridge to purge the vapors into the 

l iquid nitrogen c~pillary trap [the inert activity of the trap has been 

&bown in a. previous study (5)). After the desorption bas been completed, 

the six-port valve is rotated and the temperature on the capillary loop 

. i s rapidly raised (greater than 10°/min); the carrier gas then introduces 

the vapors onto the high resolution GC col~~n. The glass capillary 

column is temperature programmed from ambient to 240°C at 4°C/~in and 

held at the upper limit for a rnioimwn of 10 min. After all the 

compor.ents 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. OPEP-ATING PARA.~TERS FOR GLC/HS/C0!1P SYST£!1 

Parao~ter Settiog 

Inlet-r.:aoifold 

desorption cbamoer 210°c 
valve 220°c 
capillary trap - mioioum -195°C 

maxir.iurn +2so•c 
thennal desorption tice 4 rii n 

GLC 

100 m glass .SCOT SE/30 25-240°C, 4°C/~in 
carrier (Ile) flow -..3 l'll/mio 
transfer line to ~S 2t.0°c 

HS 

scan raoge m/z 20 ➔ 300 
scan raogc, automatic-cyclic I Gee/decade 
filameot curreot 300 JJA 
wultiplicr 6.0 -6 
ion source vacuum -.lj x 10 torr 



An example of the analys-is of volatile organics in ambient air 1s 

shown in Figure AJ a~d the background from a blank cartridge is shown in 

Figure A4. The hii;h resolution glass capillary colu::1n "as coated \."ith 

SE-30 stationary phase which is capable of resolving a multitude of 

compounds to allo~ their subsequent identification ~y HS/CO~P techni­

ques; in this case over 120 compounds were identified in this chroma­

togram. 

8.4.1 Operation of the 115/CO~IP Svstcm (Figu r e AS) 

Typically the mass spectrometer 1s first set t o operate 1n the 

repetitive scanning mode. In this mode the magne& is au to matically 

scanned tAponentially upward from a preset low ma~s to a high mass 

value. Although the scan range may be varied dcper,ding ob the particular 

sample, typically the rani;e is s.et from m/z 25 to c,/z 300. The scan is - - .. -
completed in approximately 1.8 seconds. At this time the instrument 

automatically resets itself to the lo" mass positi~n in preparation for 

the next scan, and the infor~ation is accu.~ulated by an on- line 620/L 

computer and "ritten onto magnetic tapes or the dual disk system. The 

reset period requires approximately 2.0 seconds. Thus, a cor.tinuo~s 

scan cycle of 3.6 seconds/scan is maintained and repetitively executed 

throughout the chromatographic run. The result is the accumulation of 

a continuous series of mass spectra throughout the chromatographic run 

io sequential fashion. 

Prior to running unknown samples, the system is calibrated by 

introducing a standard substance , perflcorokerosenc, into the instrument 

snd 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 onl y to calibrate the mass ion over the mass scanning _ range. 

~~ile the magnet is continuously scanning, the sample is injected 

and automatic data acquisition is initiated. As each spectrum is acquired 

by the compl•ter, each peak 1.·hich 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 equal n~~ber of Hall 
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probe signals arc stored in the core of the com?uter as they are acquired. 

During the two-second period between scaos this spectral information, 

along with the spectr~~ n=ber, is writteo sequentially or, disks, and 

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

Tlris 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 en the infor:nation required, they 

may then either be processed i rn.~ediately or additional samples may be 

run, stored on magnetic tape and the results examined at a later ti~e. 

The mass spectral data are proc essed in the following manner . 

First, the original spectra are scanned and the tot~l ion current (TIC) 

in!on:iation is extracted. Theo the TIC intensitit?s are plotted against 

the spectrum number on the Statos 31 recorder. The information 1o:ill 

generally indicate whether the run is suitable fo= further processing, 

since it provides some idea of the number of unl:no,:ns in the sac:ple and 

the resolution obtained using the particular GC column conditions. 

The next stage c;f the processing involves the mass conversion of 

the spectral peak times to peak masses which is do~e directly via the 

dual disk system. The mass conversion is accompli~hed by use of the 

calibration table obtained previously using perflucrokerosene. Normally 

one set of the calibration data is sufficient for an entire day's data 

processing since the characteristics of the llall 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 obtain~d in mass converted form, processing 

proceeds either manually or by computer. In 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 arc very sharp nearly every spectrl!l!l .. ust be inspected 

individually to determine the identity of the co~ponent. Later in the 

chromatographic run when the peaks are broader only selected scans need 

to be analyzed. 



Identification of resolved components is achieved by comparing the 

mass cracking patterns of the unknown mass spectra to an ei&ht major 

peak index of mass spectra (9). Individual difficult uoknovos are 

searched by the use of the C~rnell University STIRS and PBH sy5tcm5. 

Unknowns are also submitted to EPA HSSS system for identification. ~nen 

feasible, the identification of unknovns is confirmed by comparin& the 

cracking pattern and 
' 

elution temperatures for tvo different chroma-

tographic columns (SE-30 and Carbo,:ax SCOT capillaries) for the unkno,,n 

and authentic co~pounds. The relationship between the boiling point of 

the identified halogenated hydrocarbon aod the elu.ion temperature on a 

non-polar column (the order of elution of consti t u~nts is predictable in 

homologous series since the SE-30 SCOT capillary separates primarily on 

the basis of boiling point) is carefully considere,I in making structu~e 

assignments. 
Hass spectral search programs are operational at the Triangle 

Universities Computation Center (TUCC). RTI maio~ains twice daily 

service to TUCC, which is a one -quarter mile distJnce 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 processin~. This is normally 

done at TUCC using one of the five terminals located within the Analytical 

Sciences Laboratory. The control information contains selected spectrum 

numbers with instructions to process eotire GC runs. The computer 

program systems compare simultaneously 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 unknewns is produced at TUCC and 

printed out at the high speed terminals located on the RTI campus or 
. 

TUCC. Thus, tpe processing of the mass spectral d3ta obtained for the 

balogen~ted hydrocarbons in the samples collected proceeds by one of 

three routes. Each ccr.sists 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 ~:antitative Analysis 

In many Cates th~ esti mation of the level of pollutants by capil· 

lary gas chromJtography in combination with mass spectro~etry is not 

feasible utilizing only the total ion current oonitor (See Fizure A3 !or 

example-). Since baseline resolution between peaks is not al,:ays achieved, 

we employ the tech~iques which have been previously developed under 

contract wher eby full spectra are obtained during the chromatographic 

separation step and the selected ions are presented as mass fragrnect~grams 

using computer software programs which allow the possibility of deconvolu · 

ting constituents which were not resolved in the t~tal 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 fragmeotograms for any combination of m/e ions when 

full mass spectr~ are obtained during chromatography; thus selectivity 

is obtained by selecting the unique ion for that particular organic 

substance and this is represented~- time with su~sequent use of that 

ion intensity for quaotitation. Also quantitation with external stan· 

dards is easily achieved using the intensity of the total ion current 

monitor or the use of a unique mJss cracking ion in a mass spectrum of 

the external stand~rd. Thus, we use mass fragmento~raphy for the 

quantitation of organics in ambient air when the total ion current 

monitor is inadequate because of the lack of complete resolution bet~een 

components in the mixture. 
As described previously, the quantit3tion of constituents in am­

bient air samples is accomplished either by utilizing the total ion 

current monitor or where necessary the use of mass fragmcotograms. Io 

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.'IR) factors ( 10). Successful use of 

this method requires information on the exact amount of standard added 

and the relationship of P..!"IR (unknown) to the R.'IR (standards). The 

method of calculations is as follows: 
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A k/tloles k 
RHR = un un (1) ·unknown/standard A d/:loles d st st 

A= peak area, determined by integration or triangulation. 

The value of rum is determined fro~ at least three iodepeodent 
analyses. 

(2) 

A - peak area, as above 
& - number of grams present 

cnw - sram molecular '-'eight 

Thus, in the sa~ple analyzed: 

A ·G'IW • g unk · unk std 
(3) 

The standard can be added as an internal ·sta~dard during sampling; 

hovever, since the volume of air taken to produce a given sample is 

accurately tnown, it is also possible and core pra~tical to use an 

external stJndar~ where the sta~dard is ~ctroJ~(ed into the cartridge 

prior to its analysis. Tvo standards, hexafluorobcnzene and perfluoro­

toluene, are used for the purpose of calculating R.!'lR's. from previous 

research it has been determined that the retention ti mes for these t'-'O 

compounds are such that they elute from the glass capillary column (St-

30) at a temperature and retention time vhich 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 

weisht per cartridge and hence the concentration of the unkno~-n can be· 

determined. The approach for quantitating ambient air pollutants 

requires that the rum be determined for each constituent of interest. 

This means that when an ambient air sample is tal:en, the external standard 

is added at a known concentration during the analysis. It is not impera­

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



tl1e sample happens to be. However, after the unknowns are identified 
. 

then the P~'ffi can be subsequently deter:nined and the unkno,:n concen-

tration calculated in the original sample using the R.'ffi. Io this oan~er 

it is p_pssi_ble to obtain qualitative and quantita -tive ioforcation on the 

same sample '-'ith a minimum of e'ffort. 
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