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Supplemental Table 1. Total VOCs and selected cleaning-related VOC exposures, tasks and chemical ingredients in products used by occupation.

Occupation (n) AP VOC Concentrations in ppb (GM, GSD) Average time on predominant Tasks an_d Prpduot Ingredient/Composition per work shift
Ethanol Acetone  2-Propanol Chloroform a-Pinene d-Limonene TVOC11 TVOC14 in minutes
Clinical laboratory A 82.7,20.0 32.5,7.67 20.2,43.6 0.04,1.22 0.15,1.00 122,146 13.1,6.12 480,3.83 Composition: aldehyde=15.6; aromatic=15.6
technician 8) P 269,432 70.6,3.35 825,193 0.09,1.00 0.04,1.00 0.38,292 126,108 873,64.99

Nursing assistant A 1037,3.10 21.3,1.74 671,151 0.12,2.26 0.14,1.54 1.28,297 452,160 1973, 1.94 Tasks: bathe patient=30.6; Composition: alcohol=36.3; alkane=24.4; amide=8.75;

(8) P 2594,272 408,165 1194,1.71 0.34,3.21 0.16,527 157,391 15.0,2.30 4367, 1.89 ester=8.75; halogenated=24.4

Dental assistant (4) A 2.31,254 17.9,1.64 3667,1.50 0.09,1.89 0.15,1.00 1.00,153 16.6,2.06 3809, 1.54 Tasks: cleaning=33.8; Composition: alcohol=36.3; glycolethers=35.0; quats=35.0
P 154,253 230,174 1097,9.36 0.09,1.00 0.04,1.00 0.16,2.68 10.7,2.28 1565, 5.52
A
P
A
P

Dental laboratory
technician (4)
Endoscopy
technician (11)

148,111 12.4,1.26 558,131 0.07,1.97 0.15,1.00 171,115 7.62,2.38 729,1.27 Tasks: pour mix products=12.5; Composition: acrylate=7.50; alcohol=38.8

105,3.58 18.5,2.07 53.7,4.68 0.09,1.00 0.04,1.00 0.19,3.30 3.92,220 225,286

36.2,53.8 12.7,154 260,624 0.12,247 0.15,1.00 051,2.62 3.24,1.63 783,6.25 Tasks: sterile and disinfect=34.1; wash equipment=32.3; scope cleaning=19.1;

113,7.68 34.6,2.42 241,840 0.18,394 0.05 275 0.12,4.44 8.66,593 577,5.60 cleaning=14.5; tear down equipment=11.8; prepare procedure room=10.0;
Composition: acid=40.0; alcohol=73.2; aldehyde=5.0; amide=27.7; amine=72.7;
base=14.1; carboxylic acid=18.6; enzyme=40.5; ether=27.7; oxidizers=18.6;
phenolics=14.1; salt=14.1; surfactant=14.5

319,418 27.7,2.72 546,401 0.17,157 0.19,250 2.15,7.16 135,3.01 991,3.68 Tasks: buff floor=46.2; mop floor=33.1; floor strip=12.3; Composition: acid=9.62;

636,3.25 416,154 707,527 0.17,1.77 0.06,3.00 0.79,14.1 23.0,2.64 1589, 3.69 acrylate=5.38; alcohol=15.0; alkane=10.4; amine=52.7; ammonia=11.2; aromatic=21.2;
base=21.2; ester=11.2; ether=26.2; fragrance=8.85; glycolethers=76.2; surfactant=8.85

Housekeeper (31) A 700,2.73 19.8,158 647,277 0.19,1.75 0.14,1.82 202,3.14 6.06,1.92 1519,2.25 Tasks: cleaning=65.8; mop floor=56.6; clean bathroom=18.9; clean window=6.45;

P 783,199 474,152 529,333 022,229 0.06,2.34 1.09,4.34 16.1,2.53 1605, 1.91 Composition: acid=11.5; alcohol=123; amide=15.6; amine=67.4; base=53.2;
bleach=6.13; carboxylic acid=55.5; ether=79.2; fragrance=21.1; glycolethers=8.06;
phenolics=8.87; quats=114; salt=77.9; surfactant=15.0; terpene=43.7

2241,1.89 244,154 777,142 022,216 0.15,156 2.66,2.57 6.36,1.51 3171, 1.61 Tasks: bathe patient=6.00
2199,7.23 54.3,365 695 4.29 0.57,4.03 0.09,7.69 1.08,6.26 30.2,3.06 4319,2.98
179,117 30.2,2.77 217,170 0.08,1.44 0.14,1.16 12.2,153 16.0,1.54 448,150 Tasks: pour mix products=22.5
144,103 33.1,1.17 177,125 0.18,2.81 0.04,1.00 4.23,1.13 53.7,133 411,1.06
9.25,71.6 10.0,1.22 662,727 0.09,2.25 0.15,1.00 1.08,2.38 4.00,1.50 995,4.36 Tasks: wash equipment=83.6; cleaning=57.9; Composition: alcohol=80.7;
6.70,76.6 42.1,4.89 1310,13.6 0.21,3.80 0.07,3.65 2.41,40.6 31.4,4.99 2142,9.01 alkane=9.29; amine=37.9; carboxylic acid=8.57; enzyme=38.6; oxidizers=8.57;
phenolics=22.9; quats=32.1; salt=22.9; surfactant=61.4
68.7,62.4 244,126 135,304 0.16,1.96 0.17,1.93 2.05245 185,62.09 1885,3.23 Composition: alcohol=13.3
97.7,18.7 31.3,2.71 194,356 0.10,1.44 0.04,1.00 0.38,4.17 9.73,3.47 1955, 6.00
396,141 18.7,2.28 201,429 0.16,2.37 0.151.66 1.00,2.41 4.82,2.37 1323,2.90 Tasks: prepare procedure room=6.03; tear down equipment=5.00; Composition:
1063,3.77 30.9,151 288,184 0.18,2.37 0.04,2.10 0.28,6.27 6.30,2.38 1950, 2.79 acrylate=10.4; alcohol=37.1; amide=7.94; carboxylic acid=5.00; ester=5.15; ether=5.29;
quats=15.9; salt=23.7
Respiratory A 403,291 125,148 49.1,64.2 0.08,1.75 0.19,2.14 0.76,1.27 6.57,1.74 646,2.41 Composition: alcohol=12.5; glycolethers=6.88; halogenated=35.0; salt=32.5
therapist (8) P 522,133 417,554 20.1,477 0.13,3.11 0.052.15 0.16,3.20 15.7,4.18 2120,3.84
Surgical A 237,153 147,121 459,454 0.08,2.78 0.15 100 0.37,1.59 2.29,101 767,3.01 Tasks: hand wash=12.5; cleaning=5.00; tear down equipment=5.00;
technologist (2) P 547,415 30.2,1.06 438,360 0.11,1.34 0.04,1.00 0.50,1.14 32.3,1.44 1087,3.50 Composition: enzyme=5.00; phenolics=12.5

AJ/P, mobile area/personal VOCs; VOC, volatile organic compound; TVOC14, total 14 volatile organic compounds; TVOC11, excludes 3 most dominant compounds (ethanol, acetone and 2-propanol); GM,
geometric mean; GSD, geometric standard deviation.
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Supplemental Table 2. Results of simple linear mixed-effect models for selected and total VOCs and product-use groups.

Variable* Count Ethanol Acetone 2-Propanol Chloroform a-Pinene d-Limonene TVOC14 TVOC11
B SE %A B SE %A B SE %A B SE %A B SE %A B SE %A B SE %A B SE %A
Personal
Alcohol-based skin preparation 26 026 052 292 017 0.07 181 082 052 127 0.7 019 712 044 020 559 008 041 839 070 025 102 007 027 7.26
Alcohol-based surface cleaner 2 061 154 838 059 035 803 052 152 688 -019 054 -172 -0.18 057 -16.7 -025 124 -218 125 064 249 094 076 155
Chlorine-based surface cleaner 7 123 088 242 053 019 694 -048 090 -379 055 033 741 -032 034 -271 -043 070 -350 -003 043 -251 -040 046 -32.8
Chlorine-based skin preparation 9 -014 o080 -131 -015 011 -137 107 080 191 030 029 348 042 030 522 -035 064 -298 078 037 117 0.09 042 9.44
Chlorine-based waste treatment 2 014 174 146 -112 049 -674 122 174 239 -048 066 -382 -043 069 -348 -0.60 137 -450 043 091 538 -1.37 091 -745
Detergent bathroom cleaner 4 -038 112 -31.7 075 038 112 -052 112 -408 040 040 494 037 042 449 119 089 228 -0.76 051 -53.0 -041 057 -337
Detergent instrument cleaner 4 350 125 -970 083 045 129 098 128 167 -019 048 -172 054 051 713 306 099 2036 0.78 064 117 190 0.65 569
Detergent surface cleaner 4 025 124 279 . . . -0.78 124 -543 099 047 170 022 049 241 -0.03 097 -266 -028 065 -240 -059 0.65 -445
Ethanolamine-based floor stripper 13  0.63 0.79 883 -0.04 018 -382 108 081 19 -0.19 031 -175 020 032 223 045 062 572 -0.02 043 -246 062 043 865
Ethanolamine-based glass cleaner 8 -122 088 -705 043 032 531 007 088 683 -012 033 -113 053 035 705 202 067 653 -012 044 -113 010 046 9.98
Ethanolamine-based surface cleaner 5 056 1.08 752 -046 079 -37.0 046 108 585 022 039 248 005 041 532 331 079 2635 034 050 403 065 055 91.0
Enzyme cleaner 11 -2.04 077 -871 018 009 199 101 079 174 022 030 251 -0.04 031 -3.75 055 062 741 -010 040 -949 018 042 196
High level instrument disinfectant 2 -1.04 154 -647 -034 042 -291 031 152 366 118 053 227 152 054 359 217 119 7784 -031 068 -265 138 0.76 296
High level disinfectant-oxidizer 3 534 152 -995 086 043 136 -018 159 -169 -069 062 -501 -0.43 0.65 -34.7 054 124 716 -040 086 -33.2 145 0.83 328
lodine-based skin preparation 4 002 116 185 -027 023 -237 -087 115 -583 -0.60 042 -451 -0.29 044 -255 -0.18 092 -16.1 -054 055 -419 -0.14 060 -133
Phenolic-based surface cleaner 7 038 09 466 -035 019 -297 072 094 106 -0.25 035 -223 -064 036 -474 -139 0.74 -75.0 021 047 233 -052 049 -405
QAC-based bathroom cleaner 2 -039 209 -325 097 058 163 -044 212 -353 -0.78 083 -542 -049 086 -386 193 161 58 -1.40 117 -754 -039 113 -32.6
QAC-based floor cleaner 12 08 087 134 014 023 151 105 1.00 18 0.60 037 824 023 035 257 053 075 691 043 051 543 006 055 576
QAC-based skin preparation 2 09 163 160 -0.16 036 -147 010 1.62 105 -0.70 059 -505 -0.28 0.62 -248 -2.04 129 -87.0 037 077 446 063 083 87.1
QAC-based surface cleaner 27 -136 055 -743 014 016 148 031 058 365 012 022 127 0.7 023 7.08 171 042 452 010 031 109 007 031 7.10
Mobile Area

Alcohol-based skin preparation 26 036 040 430 -019 0.17 -175 056 063 758 -0.04 013 -427 0.04 012 356 001 024 105 042 024 525 -013 019 -119
Alcohol-based surface cleaner 2 -013 092 -125 018 053 196 076 195 113 -051 031 -398 -006 036 -539 -047 070 -37.3 005 071 472 133 049 279
Chlorine-based surface cleaner 7 034 067 407 -042 030 -346 016 110 169 044 021 560 -012 020 -11.3 022 041 245 -004 041 -3.78 0.07 032 7.46
Chlorine-based skin preparation 9 -047 058 -372 020 027 219 043 099 540 048 019 612 036 018 429 -059 036 -445 017 037 182 -007 029 -6.42
Chlorine-based waste treatment 2 055 198 729 004 057 38 137 207 292 020 051 220 000 037 -0.04 -008 080 -742 082 079 126 -055 0.67 -425
Detergent bathroom cleaner 4 -006 073 -568 -001 039 -118 -001 141 -091 043 024 530 -006 026 -545 052 051 689 -029 052 -254 019 039 211
Detergent instrument cleaner 4 016 108 171 -011 042 -105 118 153 227 0.08 033 862 053 027 704 144 057 323 055 059 736 116 047 2177
Detergent surface cleaner 4 045 141 575 -007 041 -645 025 148 283 131 035 272 042 026 517 030 057 345 011 057 117 -024 048 -214
Ethanolamine-based floor stripper 13 003 0.83 255 049 026 635 082 095 127 -0.05 024 -523 043 016 538 035 036 413 -035 037 -294 074 030 109
Ethanolamine-based glass cleaner 8 067 074 947 018 029 197 010 1.06 104 028 022 317 -002 019 -214 078 040 117 -010 040 -9.28 0.09 0.33 9.3
Ethanolamine-based surface cleaner 5 031 0.73 359 014 037 148 -001 134 -081 062 023 853 075 023 112 272 040 1420 000 050 027 145 035 326
Enzyme cleaner 11 -1.38 069 -749 -034 026 -289 181 094 508 -001 021 -146 -005 0.17 -441 -047 036 -376 039 036 479 -051 029 -39.8
High level instrument disinfectant 2 -050 092 -394 006 053 615 450 181 8878 027 031 313 -006 036 -567 -047 0.70 -37.3 183 064 523 -026 052 -225
High level disinfectant-oxidizer 3 -173 193 -823 -054 051 -419 135 184 285 -083 049 -565 -0.04 032 -413 -094 072 -610 039 072 478 -014 063 -133
lodine-based skin preparation 4 -033 084 -281 -053 039 -412 -384 135 -979 -0.39 026 -323 0.66 026 934 -032 053 -274 -1.82 049 -83.7 0.05 041 564
Phenolic-based surface cleaner 7 -054 077 -416 -020 031 -180 138 114 296 020 024 216 -010 020 -9.48 -003 043 -292 047 043 596 -025 035 -223
QAC-based bathroom cleaner 2 068 271 979 089 066 143 -023 241 -204 041 069 502 040 040 488 115 096 216 -1.30 095 -729 -0.16 085 -144
QAC-based floor cleaner 12 081 09 124 019 031 215 136 114 289 0.18 028 201 -024 017 -21.1 -0.16 042 -152 083 045 128 -0.33 034 -281
QAC-based skin preparation 2 108 118 195 0.9 055 998 -0.16 201 -146 -033 038 -282 0.00 037 000 -013 074 -123 028 075 327 069 0.58 994
QAC-based surface cleaner 27 026 068 292 -0.04 019 -354 052 067 681 029 018 332 005 012 473 069 026 100 0.06 026 6.30 006 022 6.65

VOC, volatile organic compound; TVOC14, sum of total 14 VOCs; TVOC11, sum of 11 VOCs (excluding three most dominant compounds: ethanol, acetone and 2-propanol); B, regression model estimate; SE,
standard error; % A, percentage change was estimated by the following equation: (exp(B)-1)*100%; p-value <0.05 shown in bold, 0.05 < p-value <0.1 shown in italics.

*, the models used indicator variables (=15 minutes; reference group: <15 minutes) to estimate VOC exposures.
The linear mixed-effect models had random effects of hospital and participants nested within hospitals, and also included bystander cleaning tasks and product-use.
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Supplemental Figure 1. Median concentrations in parts per billion for personal and mobile-area VOCs by hospital
unit.

VOC, volatile organic compound; MChl, methylene chloride; MM, methyl methacrylate. Note: Scale is different for each
chemical, and chemicals arranged in a descending order of concentration range.



