
"U"   Indicates that the compound was analyzed for but not detected.                               *   Not analyzed due to interference.    Bag was deflated upon arrival at lab

"U"   (Bold-Italicized) indicates samples arrived at laboratory with insufficient hold time remaining to complete the analysis within the recommended limit.  The analysis was performed as soon as possible after receipt by the laboratory and the data 
flagged to indicate the holding time exceedances.  
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Introduction

Reports of rapid, recurring copper corrosion in relatively new homes, associated with the use of 
imported drywall, prompted concerns of associated health hazards by Florida public health 
officials.  To further evaluate the potential for health effects, a study was prompted by the Florida 
Department of Health which measured chemical concentrations present in indoor air of two homes 
which met, and in two neighboring homes which did not meet, the case definition of affected 
homes.

Objectives
•Determine if building characteristics for affected homes differ from unaffected 
homes.

•Evaluate the reliability and repeatability of available sample collection and analysis 
methods.

•Measure the in-home concentrations of corrosive gasses emitted from defective 
drywall.

•Estimate changes in concentrations of corrosive gasses and volatile organic 
compounds (VOCs) due to diurnal cycles.

•Evaluate the influence of chemicals in outdoor air and environmental conditions on 
indoor air chemical concentrations.

•Evaluate the presence and in-home concentrations of secondary by-products 
perhaps attributable to corrosive emissions from drywall reacting with other 
materials, coatings, adhesives, or chemicals in the indoor environment.

Ninety Six Chemicals of Interest                                
by Chemical Family and Concentration

Methods
Criteria for Test Homes met the Case Definition for drywall associated 
corrosion, repeated AC coil failures, severe occupant symptoms, and 
discernable odor. (no tobacco smokers)
Control Homes were selected based upon construction date, proximity, 
and no signs of drywall associated corrosion as per Case Definition. 
(no tobacco smokers)
Phase I: Two Sampling Events (Units 80, 81, and outdoors) AM & PM
Sulfur-containing gasses 

Collection - 1L Tedlar Bags, collected using a lung sampler
Analysis - ASTM Method D 5504-01
Laboratory - Columbia Analytical Services 

Volatile Organic Compounds 
Collection - Carbo-Pack B sorbent tubes via personal sampling 

pumps at 0.2 LPM
Analysis - thermal desorption into a gas chromatograph with mass 

spectrometric detection (GC/MS) 
Laboratory - Air Quality Sciences 

Phase II Sampled sulfur-containing gasses and VOCs throughout a 
twenty-four (24) hour cycle within Unit 90 (Test) and Unit 91 (Control)
homes.  Two locations within each home plus outdoors. 

Twelve (12) sampling events to evaluate possible diurnal effects on 
Sulfur-containing gasses.  

Collection – Same as Phase I
Analysis - ASTM Method D 5504-08
Laboratory - Lakeland Laboratories, LLC (Courier to Lab)

Volatile Organic Compounds (Same as Phase I)

Formaldehyde – 24 Hr Diffusion Badges (UMEX) analyzed by Galson
Laboratories.

Conclusions
Construction styles, materials and ages of test and control homes were similar, except for the use of 
imported drywall.  Air change rates per hour (ACH) for test homes were 0.12 and 0.22, while for control 
homes were 0.16 and 0.17.  All homes in this study had low air exchange with the outdoors and effectively 
controlled temperature and relative humidity, suggesting that uncontrolled environmental conditions within 
test homes was not a major factor in drywall emissions or copper corrosion.

Out of 22 samples from Test homes, hydrogen sulfide was found at 5.72 ppbv in one sample; carbonyl 
sulfide was found at 4.14 ppbv in one sample; and carbon disulfide was found at 2.5 ppbv in one sample. 
No positive results for sulfur-containing drywall emissions were detected in Control home samples.   

Because sulfur-containing gasses were rarely detected above detection limits in test homes using the ASTM 
D 5504 method, an assessment of the method's variability and possible diurnal cycles in homes could not be 
performed. During early morning hours (4:00am and 07:35am on June 9, 2009), hydrogen sulfide was 
detected in outdoor samples.  Instances of VOC from outdoor sources were observed in the data, however 
most indoor VOCs were attributable to indoor sources common in new homes.  No specific secondary by-
products of chemical reactions were identified in VOC sample results.  Formaldehyde concentrations were 
within the range of those reported in prior studies of new homes, for both Test and Control homes.
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090504-RS-37 090504-RS-38 090504-RS-39 090505-RS-40 090504-RS-41 090504-RS-54 090504-RS-55 090504-RS-56 090504-RS-57 090504-RS-58
P0901512-001 P0901512-002 P0901512-003 P0901512-004 P0901512-005 P0901512-018 P0901512-019 P0901512-020 P0901512-021 P0901512-022

Test Home
Home Identification Unit 80 Unit 80 Unit 80 Unit 80 Unit 80 Unit 80 Unit 80 Unit 80 Unit 80 Unit 80

Sample Location Loc 1A Loc 1B Loc 1C Loc 1D Loc 1E Loc 1A Loc 1B Loc 1C Loc 1D Loc 1E
Location Description 1st FL LR 1st FL LR 1st FL LR 1st FL LR 1st FL LR 1st FL LR 1st FL LR 1st FL LR 1st FL LR 1st FL LR

Sampling Date & Time 5/4/09 10:00 5/4/09 10:00 5/4/09 10:00 5/4/09 10:00 5/4/09 10:00 5/4/09 15:45 5/4/09 15:45 5/4/09 15:45 5/4/09 15:45 5/4/09 15:45

Hydrogen Sulfide U U U U U U U U * U

Carbonyl Sulfide U U U U U U U U * U

Methyl Mercaptan U U U U U U U U * U

Ethyl Mercaptan U U U U U U U U * U

Dimethyl Sulfide U U U U U U U U * U

Carbon Disulfide U U U U U U U 2.5 * U
Isopropyl Mercaptan U U U U U U U U * U
tert-Butyl Mercaptan U U U U U U U U * U
n-Propyl Mercaptan U U U U U U U U * U
Ethyl Methyl Sulfide U U U U U U U U * U
Thiophene U U U U U U U U * U
Isobutyl Mercaptan U U U U U U U U * U
n-Butyl Mercaptan U U U U U U U U * U
Diethyl Sulfide U U U U U U U U * U
3-Methyl Thiophene U U U U U U U U * U
Tetrahydrothiophene U U U U U U U U * U
Dimethyl Disulfide U U U U U U U U * U
2-Ethyl Thiophene U U U U U U U U * U
Diethyl Disulfide U U U U U U U U * U
2,5-Dimethyl Thiophene U U U U U U U U * U

Project No: P0901512
Site Location: Unit 80 & 81- North Fort Myers, FL

TABLE 1
SUMMARY OF AIR ANALYTICAL RESULTS Columbia Analytical Services

Method: Sulfur Compounds in Air By ASTM D5504-08  Matrix: AIR
Project Name: FDOH - Chinese Wallboard
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Adehydes

82115-62-6 Formaldehyde**
63.9   

52 ppb
58.9     

48 ppb 100% 24.6    
20 ppb

24.6     
20 ppb 100% 120     

94 ppb
110      

86 ppb 100% 47.9      
39 ppb

47.9     
39 ppb 100%

124-19-6 Nonyl aldehyde (Nonanal) 23.8 19.32 100% 16.8 14.74 100% 11.80 10.53 100% 10.7 9.19 100%
100-52-7 Benzaldehyde 12.2 10.29 100% 4.3 3.71 100% 4.50 3.58 100% 5.3 4.91 100%
104-55-2 Cinnamic aldehyde (2-Propenal, 3-phenyl-) 3.2 2.03 100%
101-39-3 Methylcinnamic aldehyde (2-Propenal, 2-methyl-3-phe 2.8 1.74 100%
123-11-5 Benzaldehyde, 4-methoxy- 1.3 1.04 50% 0.8 0.58 80% 0.40 0.28 33% 0.2 0.20 8%
78-84-2 Propanal, 2-methyl (Isobutanal) 3.3 2.33 100% 3.7 3.26 80% 10.10 7.08 100% 2.5 2.26 100%

Alcohols
104-76-7 1-Hexanol, 2-ethyl 12.5 11.74 50% 4.9 4.07 90% 9.10 8.14 100% 5.9 5.36 100%
127-00-4 2-Propanol, 1-chloro 5.8 4.78 100%
71-36-3 1-Butanol  (N-Butyl alcohol) 4.5 4.33 100% 1.8 1.40 100% 12.70 9.69 100% 5 3.53 100%
78-89-7 1-Propanol, 2-chloro- 1.6 1.31 100% 0.1 0.10 20%
78-83-1 1-Propanol, 2-methyl  (Isobutyl alcohol) 0.9 0.72 100% 0.5 0.32 100% 4.90 2.70 100% 1.1 0.57 100%
6846-50-0 TXIB (2,2,4-Trimethyl-1,3-pentanediol diisobutyrate) 1.4 0.46 90% 2.1 0.60 40% 2.10 1.34 100% 0.9 0.52 100%
111-87-5 1-Octanol 3.8 3.53 70% 4.00 3.51 100%
3944-36-3 2-Propanol, 1-(1-methylethoxy) 3.70 3.13 100%
18479-58-8 7-Octen-2-ol, 2,6-dimethyl 3.40 2.84 100% 3.1 3.00 25%
111-15-9 Ethanol, 2-ethoxy-, acetate (2-Ethoxyethyl acetate) 1.10 0.96 100%
123-51-3 1-Butanol, 3-methyl 0.21 100%
110-80-5 Ethanol, 2-ethoxy 0.30 10% 0.38 100%

Esters
96-48-0 2(3H)-Furanone,dihydro (Butyrolactone) 1.7 1.36 100% 0.80 0.68 100%
79-33-4 (S)-2-Hydroxypropanoic acid (lactic acid) 16.1 10.20 20% 7.3 3.18 50%
97-64-3 Propanoic acid, 2-hydroxy-, ethyl ester 7.0 5.13 30% 7.9 7.90 10%
79-20-9 Acetate, methyl (Acetic acid, methyl ester) 0.12 60% 0.20 20% 0.10 17%
109-60-4 Acetic acid, propyl ester (Propyl acetate) 0.30 83%

Carboxylic Acids
79-31-2 Propanoic acid, 2-methyl (Isobutyric Acid) 2.6 1.39 100% 1.8 1.43 100% 1.60 1.01 83%
110-19-0 Acetic acid, 2-methylpropyl ester (Isobutyl acetate) 1.4 1.13 100% 0.5 0.45 100%
107-92-6 Butanoic acid (n-butyric acid) 1.3 1.10 100% 1 0.83 100% 0.30 0.28 33%
103-11-7 2-Propenoic acid, 2-ethylhexyl ester (Octyl acrylate) 1.40 1.02 50%
79-09-4 Propanoic acid 0.58 100% 0.43 60% 0.62 50% 0.28 50%
2021-28-5 Benzenepropanoic acid, ethyl ester 0.56 100%  
97-72-3 Propanoic acid, 2-methyl-, anhydride (Isobutyric anhydride)  0.47 100%
1000299-11-8 Butanoic acid, 3-methylbut-2-enyl ester  0.60 92%
64-18-6 Formic acid (Methanoic acid) 0.12 75%
92618-89-8 Acetic acid, 1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yl ester 0.46 75%
554-12-1 Propanoic acid, methyl ester 0.20 17% 0.20 17%

Ketones
78-93-3 2-Butanone (Methyl ethyl ketone, MEK) 7.5 6.53 30% 0.6 0.60 10% 6.80 5.22 50% 2.2 1.92 42%
464-48-2 Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (1S) 4.9 4.23 70% 1.9 1.66 50%
1196-01-6 Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6-trimethyl-, (1S)- 2.6 2.02 100% 2.2 1.68 100% 1.00 0.86 100%
67-64-1 Acetone 2.2 1.90 60% 8.6 4.73 40% 1.50 1.31 75%
591-78-6 2-Hexanone 2.1 1.83 100% 1 0.79 100%
78-59-1 2-Cyclohexen-1-one, 3,5,5-trimethyl- 0.63 83%
24720-09-0 à-Damascone (2-Buten-1-one, 1-(2,6,6-trimethyl-2-cyclohexen-1-yl)-, (E)-) 0.46 83%
1757-42-2 Cyclopentanone, 3-methyl 0.34 80% 0.60 10%

Hydrocarbons
62199-06-8 Heptane, 5-ethyl-2,2,3-trimethyl- 40.8 34.00 100%
62016-37-9 Octane, 2,4,6-trimethyl 26.7 20.71 80%
13475-82-6 Heptane, 2,2,4,6,6-pentamethyl 19.0 15.79 100% 0.3 0.30 10%
17302-32-8 Nonane, 3,7-dimethyl 19.6 15.76 100% 0.40 0.38 50%
13151-34-3 Decane, 3-methyl 28.6 11.91 90% 2.30 2.04 100% 2.4 2.30 25%
1120-21-4 Undecane 13.3 10.81 100% 5.3 5.10 20% 4.50 3.97 100% 4.6 3.84 100%
62183-55-5 Octane, 3-ethyl-2,7-dimethyl 11.5 9.33 80%
13150-81-7 Decane, 2,6-dimethyl 11.0 9.30 70% 1.1 1.10 20%
17302-37-3 Decane, 2,2-dimethyl 7.7 6.43 100%
591-76-4 Hexane, 2-methyl 9.6 3.68 100% 4.1 2.02 100% 4.40 3.41 100% 1 1.00 8%
77-68-9 2,2,4-Trimethyl-1,3-pentanediol monoisobutyrate 5.4 2.21 100% 16 4.42 100% 16.40 7.56 100% 1.6 0.78 100%
565-59-3 Pentane, 2,3-dimethyl 2.8 2.20 20% 1.2 0.82 50% 0.80 0.63 75%
2051-30-1 Octane, 2,6-dimethyl 3.0 2.08 100% 0.3 0.27 30%
540-97-6 Cyclohexasiloxane, dodecamethyl 2.3 1.70 50% 2.3 2.20 20% 1.60 0.63 92% 0.2 0.20 17%
17453-93-9 Dodecane, 5-methyl 1.9 1.36 50% 1.4 0.82 50%
108-87-2 Cyclohexane, methyl 1.7 1.17 30% 0.8 0.68 40% 4.40 3.13 100% 1.6 1.17 100%
51655-64-2 Nonane, 3-methylene 2.70 1.96 100%
109-69-3 Butane, 1-chloro 0.10 100%
78-85-3 2-Propenal, 2-methyl 0.14 100% 0.10 60% 0.50 17%

Aromatic Hydrocarbons
98-56-6 Benzene, 1-chloro-4-(trifluoromethyl)- 15.0 14.16 100%
100-42-5 Styrene 6.3 5.18 100% 1.3 1.04 100% 5.00 4.52 100% 3 2.73 67%
123-35-3 1,6-Octadiene,7-methyl-3-methylene (Myrcene) 5.4 4.63 30% 2.7 2.31 100% 2.60 2.10 100%
112-41-4 1-Dodecene 4.0 2.71 100% 1.8 1.30 90% 1.40 1.11 100% 0.9 0.90 8%
527-53-7 Benzene, 1,2,3,5-tetramethyl 2.5 2.25 20% 0.7 0.70 10% 1.80 1.11 92% 1.4 0.73 92%
32210-23-4 4-tert-Butylcyclohexyl acetate (Vertenex) 5.9 4.54 100% 0.8 0.49 100% 0.60 0.47 100% 0.8 0.43 100%
98-19-1 Benzene, 1-(1,1-dimethylethyl)-3,5-dimethyl 1.7 1.70 10% 1.6 0.80 40%
469-61-4 Cedrene, à 5.7 1.55 60% 0.6 0.31 100% 0.60 0.40 92%
470-40-6 Thujopsene 1.8 1.54 90% 0.9 0.54 70% 1.80 0.97 100%
5794-03-6 (+)-Camphene 1.70 1.53 75%
690-08-4 2-Pentene, 4,4-dimethyl, (E) 0.38 80% 0.33 40% 0.22 75%
4994-16-5 4-Phenylcyclohexene 0.29 100%
933-12-0 Cyclohexene, 3,3,5-trimethyl 0.19 75%
92-52-4 1,1'-Biphenyl 0.49 100%

Polyaromatic Hydrocarbons
91-20-3 Naphthalene 3.2 2.57 100% 0.9 0.73 40% 5.50 3.88 100% 2 1.70 100%
91-57-6 Naphthalene, 2-methyl 0.52 100% 0.47 75%
80655-44-3 Decahydro-4,4,8,9,10-pentamethylnaphthalene 0.38 80% 0.18 40%

Sulfur Compounds
7446-09-5 Sulfur dioxide 0.11 100%  
75-15-0 Carbon disulfide  0.17 25%
18794-77-9 Thiophene, 2-hexyl 3.7 2.46 100% 2.5 1.55 80% 4.80 3.18 100% 1.4 0.74 100%
17374-18-4 Tetrahydro-1,3-oxazine-2-thione 0.40 20% 0.43 92%
1455-20-5 Thiophene, 2-butyl  0.33 50%
95-16-9 Benzothiazole 2.1 1.53 100% 1.7 0.93 100% 1.60 0.99 100% 0.9 0.77 100%

Terpines
534-22-5 Furan, 2-methyl- 0.20 80% 0.10 30%
80-56-8 Pinene, à (2,6,6-Trimethyl-bicyclo[3.1.1]hept-2-ene) 79.5 68.46 100% 46.9 40.92 100% 55.00 50.50 100% 54.3 50.02 100%
127-91-3 Pinene, á (6,6-Dimethyl-2-methylene-bicyclo[3.1.1]hept 79.5 31.54 100% 15.2 12.93 100% 19.70 17.63 100% 17.3 15.84 100%

Sum of Pinene Isomers 115.8 100.00 100% 62.1 53.85 100% 73.20 68.13 100% 71.2 65.86 100%

Others
108-65-6 1-Methoxy-2-propyl acetate 3.90 2.78 100%
111-02-4 2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexa 2.5 1.65 40% 1.1 0.80 20%
77-73-6 4,7-Methano-1H-indene, 3a,4,7,7a-tetrahydro 1.3 1.14 90% 0.3 0.20 30%
20279-29-2 Phenyl isobutyrate 0.90 0.65 100%
39884-53-2 N-Nitroso-2-methyl-oxazolidine 0.10 80%
585-34-2 Phenol, m-tert-butyl 0.59 92%
15877-57-3 Pentanal, 3-methyl 0.20 80%
109-08-0 Pyrazine, methyl 0.38 100%

TVOC (ug/m3) 622 296 379 510
Sum of Chemicals of Interest (ug/m3) 101.8 60.1 72.09 65.9

Chemicals of Interest minus Pinene Isomers 246.0 58.3 109.8 41.9

** Formaldehyde Results from testing performed at a later date than other VOC samples
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090608-RS-17 090608-RS-22 090608-RS-26 090609-RS-30 090609-RS-34 090609-RS-38 090608-RS-15 090608-RS-19 090608-RS-24 090608-RS-29 090609-RS-32 090609-RS-36

Test Home
Home Identification Unit 90 Unit 90 Unit 90 Unit 90 Unit 90 Unit 90 Unit 90 Unit 90 Unit 90 Unit 90 Unit 90 Unit 90

Sample Location Loc 1 Loc 1 Loc 1 Loc 1 Loc 1 Loc 1 Loc 2 Loc 2 Loc 2 Loc 2 Loc 2 Loc 2
Location Description 2nd FL LR 2nd FL LR 2nd FL LR 2nd FL LR 2nd FL LR 2nd FL LR 1st FL BR 1st FL BR 1st FL BR 1st FL BR 1st FL BR 1st FL BR

Sampling Date & Time
06/08/09 13:35 06/08/09 17:35 06/08/09 21:45 06/09/09 01:35 06/09/09 05:30 06/09/09 09:35 06/08/09 11:30 06/08/09 15:35 06/08/09 19:35 06/08/09 23:50 06/09/09 03:35 06/09/09 07:35

Hydrogen Sulfide U U U U U 5.72 U U U U U U

Carbonyl Sulfide U U 4.14 I U U U U U U U U U

Methyl Mercaptan U U U U U U U U U U U U

Ethyl Mercaptan U U U U U U U U U U U U
Dimethyl Sulfide U U U U U U U U U U U U

Carbon Disulfide U U U U U U U U U U U U
Isopropyl Mercaptan U U U U U U U U U U U U
tert-Butyl Mercaptan U U U U U U U U U U U U
n-Propyl Mercaptan U U U U U U U U U U U U
Ethyl Methyl Sulfide U U U U U U U U U U U U
Thiophene U U U U U U U U U U U U
Isobutyl Mercaptan U U U U U U U U U U U U
n-Butyl Mercaptan U U U U U U U U U U U U
Diethyl Sulfide U U U U U U U U U U U U
3-Methyl Thiophene U U U U U U U U U U U U
Tetrahydrothiophene U U U U U U U U U U U U
Dimethyl Disulfide U U U U U U U U U U U U
2-Ethyl Thiophene U U U U U U U U U U U U
Diethyl Disulfide U U U U U U U U U U U U
2,5-Dimethyl Thiophene U U U U U U U U U U U U

Project No: 1406.01
Site Location: Unit 90 & 91- Parkland, FL

TABLE 2
SUMMARY OF AIR ANALYTICAL RESULTS Lakeland Laboratories

Method: Sulfur Compounds in Air By ASTM D5504-08  Matrix: AIR
Project Name: FDOH - Chinese Wallboard
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