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SUPPORTING INFORMATION

Figure Legend

Figure S1

Timeline of unconventional natural gas development at Marcellus Shale well site in
Morgantown, West Virginia.

Figure S2

Map of four air sampling sites by approximate 1 km, 2 km and 7 km distances from UNGD well
site in Morgantown, West Virginia.

Figure S3

Sample least squares fit test. Negative exponents determined whether concentration decreased
by distance. Strength of fit was determined by r2 > 0.6.

Figure S4

Correlation of PM2.5 measurements to elemental data.

Table Legend

Table S1

HR-ICP-MS results from October 28 - November 5, 2015.1

! Flow corrected values are listed in ng.

Table S2

Flow measurements for elemental sampling.

1 Volume measured in cubic meter.

Table S3

Wind patterns during an 8-day hydraulic fracturing stimulation process from October 28 to
November 5, 2015 in Morgantown, West Virginia.* (Primary information of interest is

bolded.)



1 Source: Weather Underground, Daily Weather History for Morgantown, WV - Brooks green

from [KWVMORGAZ25]. Retrieved 2/9/15 from https://www.wunderground.com/personal-

weather-station/dashboard?ID=KWVMORGA25#history

2 mph = miles per hour

3 WS = wind speed

4North (N), North-Northeast (NNE), Northeast (NE), East-Northeast (ENE), East (E), East-
Southeast (ESE), Southeast (SE), South-Southeast (SSE), South (S), South-Southwest
(SSW), Southwest (SW), West-Southwest (WSW), West (W), West-Northwest (WNW),
Northwest (NW), North-Northwest (NNW)

5 Percentage of direction by sampling timeframe

6 Events of interest include direction from which the wind moves towards sampling stations (SE,
SSE, S, SSW, SW) at > 1 mph

" Percentage of total wind direction across all sample periods
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Figure S1. — Timeline of unconventional natural gas development at Marcellus Shale

well site in Morgantown, WV.
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Figure S2. Map of four air sampling sites by approximate 1 km, 2 km and 7 km distances from

UNGD well site in Morgantown, WV.
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Figure S3. Sample least squares fit test. Negative exponents determined whether

concentration decreased by distance. Strength of fit was determined by r- > 0.6.
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Figure S4. Correlation of PM2.5 measurements to elemental data.



Table S1. HR-ICP-MS results from October 28 - November 5, 2015.1

Elements UNGD Well Site

(n=34) (n=4) Site 1 (n=4) Site 2 (n=4) Site 3 (n=4)
Mean SD Mean SD Mean SD Mean SD
Ag 0.006 0.004 0.005 0.002 0.006 0.005 0.009 0.007
Al 213.010 96.247 60.352 32.453 23.663 14.068 81.342 73.235
As 0.218 0.151 0.462 0.274 0.586 0.426 1.192 0.938
Ba 14.365 7.923 6.060 4.705 4.327 3.408 6.595 6.246
Be 0.004 0.003 0.001 0.001 0.000 0.000 0.003 0.002
Bi 0.012 0.007 0.021 0.009 0.023 0.011 0.030 0.018
Ca 1002.611 642.775 211.310 134.240 90.653 74.281 251.299 251.104
Cd 0.088 0.073 0.123 0.102 0.085 0.045 0.125 0.089
Co 0.063 0.031 0.023 0.016 0.012 0.007 0.024 0.018
Cr 0.066 1.186 0.293 0.299 0.180 0.154 0.308 0.283
Cs 0.022 0.011 0.006 0.003 0.004 0.002 0.019 0.016
Cu 2.607 1.223 3.033 2.571 2.183 1.668 3.751 2.515
Fe 158.750 81.469 84.393 67.875 50.134 37.620 85.275 73.440
K 93.280 40.861 46.209 21.384 37.121 14.139 80.094 56.360
La 0.123 0.056 0.036 0.015 0.025 0.012 0.056 0.044
Li 1.109 0.714 0.248 0.165 0.168 0.102 0.977 0.904
Mg 60.296 26.270 15.271 7.055 7.378 3.649 15.075 11.852
Mn 3.959 1.743 2.612 2.220 1.343 0.593 2.339 1.694
Mo 0.339 0.099 0.202 0.174 0.141 0.076 0.149 0.099
Na 11.227 5.157 10.854 5.262 8.880 4,894 106.254 99.620
Ni 0.450 0.238 0.148 0.121 0.151 0.064 0.147 0.102
P 12.168 5.651 5.613 1.908 4.935 0.848 6.389 3.155
Pb 0.985 0.719 1.420 0.868 1.268 0.732 2.055 1.380
Rb 0.400 0.196 0.130 0.065 0.080 0.038 0.259 0.211
S 214.611 92.825 310.545 52.937 292.408 38.818 309.834 66.314
Sh 0.854 0.769 1.522 1.210 1.331 1.152 12,552 14.406
Se 0.162 0.086 0.462 0.147 0.413 0.121 0.414 0.163
Sn 0.426 0.204 0.558 0.306 0.453 0.218 0.467 0.298
Sr 1.977 1.110 0.595 0.378 0.340 0.225 0.839 0.754
Ti 14.113 6.431 4.023 2.878 2.165 1.462 5.180 4.394
TI 0.007 0.003 0.005 0.002 0.005 0.001 0.015 0.010
U 0.023 0.011 0.007 0.005 0.003 0.002 0.007 0.006
\% 0.359 0.159 0.125 0.075 0.075 0.039 0.165 0.123
Zn 12.405 4.523 6.280 4.236 8.225 7.252 167.940 214.497

1 Flow corrected values are listed in ng/m?.



Table S2. Flow measurements for
elemental sampling.

Site Number  Start Date Vo-II;JCr)n-I;:A(I;n%
0 10/28/15 9.491
1 10/28/15 50.224
2 10/28/15 47.586
3 10/28/15 48.011
0 10/30/15 8.614
1 10/30/15 47.587
2 10/30/15 50.633
3 10/30/15 49.726
0 11/1/15 5.422
1 11/1/15 48.487
2 11/1/15 46.658
3 11/1/15 49.731
0 11/3/15 4.286
1 11/3/15 52.344
2 11/3/15 48.324
3 11/3/15 48.588

1 Volume measured in cubic meter.



Table S3. Wind patterns during an 8-day hydraulic fracturing stimulation process from October 28 to November 5, 2015 |
Virginia.! (Primary information of interest is bolded.)

Speed

WSi=<1 WS=1to?2 WS=>2to5
(mph)?
10/30 11/1 11/3 10/28 10/30 11/1  11/3 10/28 10/30 11/1 11/3 1
Direction®*  10/28 to to to to to to to to to to to to
10/30 11/1 11/3 11/5 10/30 11/1 11/3  11/5 10/30 11/1 11/3  11/5 1

North 4 9 7 5 3 5 3 1 5 4 4 2
NNE 4 4 1 0 0 0 1 1 6 3 0 1
NE 1 1 0 0 0 0 0 0 2 2 1 1
ENE 1 0 1 2 0 0 0 0 1 1 1 0
East 0 2 1 0 0 0 1 0 0 0 0 0
ESE 0 1 0 0 1 0 0 0 0 1 0 0
SE 1 3 0 2 0 1 2 0 2 1 3 0
SSE 19 29 96 86 4 3 1 0 24 23 7 2
South 50 78 34 30 5 3 0 2 32 32 5 1
SSW 7 8 41 13 5 1 1 2 6 6 1 1
SW 5 15 5 14 1 2 2 0 6 1 2 0
WSW 3 15 9 27 0 0 1 4 2 0 2 8
West 4 6 18 1 0 0 0 0 3 0 0 0
WNW 0 4 37 2 0 0 0 0 0 0 0 1
NW 1 1 8 92 0 0 0 0 1 0 0 0
NNW 34 19 10 9 4 1 4 0 7 1 7 6
Events (n) 134 195 268 283 23 16 16 10 97 75 33 23
Events of
interest
(n)® - - - - 15 10 6 4 70 63 18 4

! Source: Weather Underground, Daily Weather History for Morgantown, WV - Brooks green from [KWVMORGAZ25]. Retr
https://www.wunderground.com/personal-weather-station/dashboard?ID=KWVMORGA25#history

2mph = miles per hour

3 WS = wind speed

4 North (N), North-Northeast (NNE), Northeast (NE), East-Northeast (ENE), East (E), East-Southeast (ESE), Southeast (¢
South (S), South-Southwest (SSW), Southwest (SW), West-Southwest (WSW), West (W), West-Northwest (WNW), Nortt
(NNW)

5> Percentage of direction by sampling timeframe

6 Events of interest include direction from which the wind moves towards sampling stations (SE, SSE, S, SSW, SW) at > :
7 Percentage of total wind direction across all sample periods



Table S3 Continued

ALL SPEEDS GRAND TOTAL
Speed
(mph)? n %> % n % % n %
Direction* 10/28 to 10/30 10/30to 11/1 11/1 to 11/3 11/3to 11/5 10/28 to 11/5
North 20 6% 5% 16 5% 2% 62 5%
NNE 12 4% 8 2% 2 1% 1% 25 2%
NE 5 1% 3 1% 1 0% 0% 10 1%
ENE 2 1% 1 0% 2 1% 1% 7 1%
East 1 0% 2 1% 2 1% 0% 5 0%
ESE 1 0% 2 1% 0 0% 0% 3 0%
SE 7 2% 7 2% 7 2% 1% 24 2%
SSE 72 21% 23% 108 32% 27% 352 26%
South 108 32% 40% 43 13% 11% 325 24%
SSwW 25 7% 6% 45 13% 5% 106 8%
SW 13 4% 6% 11 3% 4% 58 4%
WSW 10 3% 4% 15 4% 14% 87 6%
West 8 2% 2% 18 5% 0% 34 3%
WNW 2 1% 1% 37 11% 1% 46 3%
NW 3 1% 0% 8 2% 28% 104 8%
NNW 49 14% 6% 22 7% 5% 108 8%
Events (n) 338 337 1356
Events of
interest
(n)® 143 42% 38% 38 11% 4.5% 329 24%



