
















TOX-SW-2019-04 

mg/L) was detected above 0.1 mg/L. Traces of boron and nickel were also present. The ammonia detected 
in the wastewater sample (22.4 mg/L) was well above the historical average (17.7 mg/L). 

Columbus Condensate 

The TOC concentration in Columbus condensate sample (collected on July 17, 2018) was 187 mg/L. 
Organic compounds present at concentrations greater than I mg/L include acetate (160 mg/L), DMSD (60 
mg/L), benzyl alcohol (25 mg/L), propylene glycol (15 mg/L), acetaldehyde (15 mg/L), ethylene glycol 
(6.8 mg/L), 2-propanol (4.2 mg/L), caprolactam (2.5 mg/L), benzoic acid(2.3 mg/L), 2-(2-
butoxyethoxy)ethanol (1.8 mg/L), diethylphthalate (1.5 mg/L), N,N-dimethylacetamide (1.4 mg/L), 
nonanoic acid (1.4 mg/L), acetone (1.1 mg/L), and hexanoic acid (I.I mg/L). Silicon was present at a 
concentration of 29.6 mg/L, most of which can be attributed to the presence of DMSD. Calcium and 
potassium were found at detectable levels, and low levels of nickel and zinc were also present in the sample. 

All of the compounds detected in the condensate and wastewater samples were effectively removed 

by the WRS, as evidenced by the low or undetectable levels in the potable sample . 

... 
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Enclosures Table I A: Analytical concentrations of compounds quantified in the mGSC returned on 
SpaceX-15 

Table IB: Analytical concentrations of compounds quantified in mGSCs returned on 
SpaceX-16 

Table 2A: T-values corresponding to concentrations for samples returned on SpX-15 in 
Table I A, based on 7-day and 180-day SMACs 

Table 28: T-values corresponding to concentrations from the Lab and Service Module 
in Table 18, based on 180-day SMACs 

Table 2C: T-values corresponding to concentrations from HTV-7 ingress, based on 7- 
day and 180-day SMACs 

Table 3A: Analytical concentrations of compounds quantified in condensate and 

wastewater returned on Soyuz 54 and SpaceX-15 

Table 38: Analytical concentrations of compounds quantified in PWD hot and product 
water samples returned on Soyuz 54 
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TABLE 1A
ANALYTICAL RESULTS OF SPACEX-15 RETURN

CHEMICAL CONTAMINANT AQ180282 AQ180283 AQ180284
SN2108 SN2013 SN2010

Contingency Node 1,
OA-9 Hatch Open LAB Columbus

7/02/18 @
11:20 GMT

7/10/18 @
11:46 GMT

7/10/18 @
11:47 GMT

TARGET COMPOUNDS (TO-15) **
1,1,1,2-Tetrafluoroethane (Norflurane) 0.062 0.053 0.054
Propane <0.025 <0.025 TRACE
Carbonyl sulfide (Carbon oxide sulfide) TRACE <0.025 <0.025
Methanol * 1.0 0.77 0.65
Acetaldehyde 0.62 0.66 0.72
2-Methyl-1-propene TRACE <0.025 <0.025
Ethanol * 14 11 11
Acetone 0.71 0.32 0.36
2-Propanol (Isopropanol) 0.58 0.38 0.47
Isoprene (2-Methyl-1,3-butadiene) 0.049 0.026 0.028
Methyl acetate TRACE <0.025 <0.025
Carbon disulfide 0.12 <0.025 <0.025
1-Propanol 0.045 0.039 0.039
Trimethylsilanol 0.30 0.087 0.13
2-Butanone (Methyl ethyl ketone) 0.028 <0.025 <0.025
Ethyl acetate 0.063 0.043 0.040
1-Butanol 0.14 0.058 0.067
3-Methylhexane 0.034 0.029 0.027
o-Xylene TRACE TRACE TRACE
Decamethylcyclopentasiloxane 0.57 0.30 0.26
Octafluoropropane (Perfluoropropane) * 150 140 150

SPECIAL INTEREST COMPOUNDS ***
Hexamethylcyclotrisiloxane # 0.41 <0.20 <0.20

NON-TARGET COMPOUNDS ***
Limonene 0.32 <0.050 <0.050

TOTAL ALCOHOLS PLUS ACETONE 16 12 13

TARGET COMPOUNDS (GC) **
Methane 52 55 55
Carbon dioxide 8200 7000 7100
Hydrogen 4.6 3.3 3.3
Carbon monoxide 0.70 0.64 0.67

TOTAL CONCENTRATION 169 154 164
(NON-METHANE HYDROCARBONS)

TOTAL CONCENTRATION - OFP 19 14 14
(NON-METHANE HYDROCARBONS)

* GC/FID data results are in bold
** Quantified using a multi-point calibration
*** Quantified using "B" response factor except where noted; concentrations are estimates only.
# Response factor generated from an internal study
 < :  Value is less than the laboratory reporting limit.
TRACE:  Amount detected is sufficient for compound identification only. One-half of the reporting limit was used in
 the Total Concentration summation.
OFP - Octafluoropropane

CONCENTRATION
(mg/M3)
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TABLE 1B

ANALYTICAL RESULTS OF SPACEX-16 RETURN

CHEMICAL CONTAMINANT AQ190014 AQ190015 AQ190016

SN2109 SN2113 SN2006

LAB SM
HTV-7

Ingress

08/21/18 @ 

11:19 GMT

08/21/18 @ 

11:22 GMT

09/27/18 @ 

19:50 GMT

TARGET COMPOUNDS (TO-15) **

Carbonyl sulfide (Carbon oxide sulfide) <0.025 <0.025 0.042

Isobutane <0.025 <0.025 0.13

Methanol * 0.58 0.45 0.62

Acetaldehyde 0.32 0.72 0.20

2-Methyl-1-propene <0.025 <0.025 0.059

Ethanol * 8.3 15 0.69

Acetone 0.37 0.25 0.48

Propanal (Propionaldehyde) <0.025 <0.025 0.029

2-Propanol (Isopropanol) * 0.29 0.36 1.6

Isoprene (2-Methyl-1,3-butadiene) 0.053 0.038 <0.025

2-Methyl-2-propanol <0.025 <0.025 TRACE

Carbon disulfide <0.025 TRACE 0.14

1-Propanol 0.044 TRACE 0.067

Trimethylsilanol 0.12 0.04 2.4

Butanal (Butyraldehyde) <0.025 <0.025 TRACE

2-Butanone (Methyl ethyl ketone) <0.025 <0.025 0.068

Ethyl acetate 0.031 0.053 0.035

1-Butanol 0.047 0.056 0.31

Toluene <0.025 <0.025 0.19

o-Xylene <0.050 0.052 <0.050

Decamethylcyclopentasiloxane 0.22 0.38 <0.175

Octafluoropropane (Perfluoropropane) * 114 115 3.7

SPECIAL INTEREST COMPOUNDS 

Hexamethylcyclotrisiloxane # 0.22 0.32 2.0

NON-TARGET COMPOUNDS ***

Fluorotrimethylsilane <0.050 <0.050 0.12

Cyclohexane <0.050 <0.050 0.26

TOTAL ALCOHOLS PLUS ACETONE 9.6 16 3.8

TARGET COMPOUNDS (GC) **

Methane 61 76 4.0

Carbon dioxide 4900 12100 1500

Hydrogen 3.6 3.0 0.31

Carbon monoxide 1.4 0.82 1.3

TOTAL CONCENTRATION 124 133 13

(NON-METHANE HYDROCARBONS)

TOTAL CONCENTRATION - OFP 11 18 9.5

(NON-METHANE HYDROCARBONS)

* GC/FID data results are in bold

** Quantified using a multi-point calibration

*** Quantified using "B" response factor except where noted; concentrations are estimates 

only.

# Response factor generated from an internal study

 < :  Value is less than the laboratory reporting limit.

TRACE:  Amount detected is sufficient for compound identification only. One-half of the 

reporting limit was used in the Total Concentration summation.

OFP - Octafluoropropane

CONCENTRATION

(mg/M
3
)
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CHEMICAL CONTAMINANT AQ180282 AQ180283 AQ180284
SN2108 SN2013 SN2010

Contingency Node 1,
OA-9 Hatch Open LAB Columbus

7/02/18 @
11:20 GMT

7/10/18 @
11:46 GMT

7/10/18 @
11:47 GMT

TARGET COMPOUNDS (TO-15)
1,1,1,2-Tetrafluoroethane (Norflurane) 0.00001 0.00001 0.00001
Propane ND ND 0.00000
Carbonyl sulfide (Carbon oxide sulfide) 0.00063 ND ND
Methanol 0.01134 0.00857 0.00719
Acetaldehyde 0.15616 0.16376 0.18080
2-Methyl-1-propene 0.00054 ND ND
Ethanol 0.00691 0.00539 0.00557
Acetone 0.01359 0.00615 0.00688
2-Propanol (Isopropanol) 0.00390 0.00252 0.00314
Isoprene (2-Methyl-1,3-butadiene) 0.01650 0.00874 0.00919
Methyl acetate 0.00010 ND ND
Carbon disulfide 0.10645 ND ND
1-Propanol 0.00061 0.00053 0.00053
Trimethylsilanol 0.07400 0.02173 0.03265
2-Butanone (Methyl ethyl ketone) 0.00094 ND ND
Ethyl acetate 0.00035 0.00024 0.00022
1-Butanol 0.00347 0.00145 0.00167
3-Methylhexane 0.00279 0.00246 0.00222
o-Xylene 0.00068 0.00068 0.00068
Decamethylcyclopentasiloxane 0.03798 0.02029 0.01746
Octafluoropropane (Perfluoropropane) 0.00182 0.00166 0.00172

SPECIAL INTEREST COMPOUNDS
Hexamethylcyclotrisiloxane 0.04581 ND ND

NON-TARGET COMPOUNDS
Limonene 0.00282 ND ND

TARGET COMPOUNDS (GC)
Methane 0.01477 0.01566 0.01578
Hydrogen 0.01344 0.00956 0.00960
Carbon monoxide 0.04111 0.03786 0.03935

TOTAL T-VALUE 0.55671 0.30725 0.33466

ND :  Value is less than the laboratory reporting  limit.
Note: Number of decimal places in T-Values do not represent significant figures of measurements.

TABLE 2A
T-VALUES FOR SPACEX-15 RETURN

T-VALUE  (180-d SMAC)
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T-VALUE  (180-d SMAC)

CHEMICAL CONTAMINANT AQ190014 AQ190015

SN2109 SN2113

LAB SM

08/21/18 @ 

11:19 GMT

08/21/18 @ 

11:22 GMT

TARGET COMPOUNDS (TO-15)

Methanol 0.00649 0.00502

Acetaldehyde 0.08037 0.18006

Ethanol 0.00413 0.00768

Acetone 0.00714 0.00479

2-Propanol (Isopropanol) 0.00190 0.00238

Isoprene (2-Methyl-1,3-butadiene) 0.01775 0.01278

Carbon disulfide ND 0.01136

1-Propanol 0.00059 0.00017

Trimethylsilanol 0.03002 0.00890

Ethyl acetate 0.00017 0.00029

1-Butanol 0.00118 0.00140

o-Xylene ND 0.00139

Decamethylcyclopentasiloxane 0.01454 0.02548

Octafluoropropane (Perfluoropropane) 0.00134 0.00136

SPECIAL INTEREST COMPOUNDS

Hexamethylcyclotrisiloxane 0.02496 0.03555

NON-TARGET COMPOUNDS

All Non-Target Compounds were below their reporting limit.

TARGET COMPOUNDS (GC)

Methane 0.01744 0.02177

Hydrogen 0.01070 0.00884

Carbon monoxide 0.08330 0.04801

TOTAL T-VALUE 0.30203 0.37724

ND :  Value is less than the laboratory reporting  limit.

Note: Number of decimal places in T-Values do not represent significant figures of 

measurements.

TABLE 2B

T-VALUES FOR SPACEX-16 RETURN
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7-d SMAC 180-d SMAC
CHEMICAL CONTAMINANT AQ190016 AQ190016

SN2006 SN2006
HTV-7 Ingress HTV-7 Ingress

09/27/18 @ 19:50 GMT 09/27/18 @ 19:50 GMT
TARGET COMPOUNDS (TO-15)
Carbonyl sulfide (Carbon oxide sulfide) 0.00048 0.00211
Isobutane 0.00066 0.00066
Methanol 0.00686 0.00686
Acetaldehyde 0.04991 0.04991
2-Methyl-1-propene 0.00052 0.00258
Ethanol 0.00034 0.00034
Acetone 0.00921 0.00921
Propanal (Propionaldehyde) 0.00240 0.00240
2-Propanol (Isopropanol) 0.01071 0.01071
2-Methyl-2-propanol 0.00008 0.00010
Carbon disulfide 0.12431 0.12431
1-Propanol 0.00090 0.00090
Trimethylsilanol 0.61031 0.61031
Butanal (Butyraldehyde) 0.00083 0.00083
2-Butanone (Methyl ethyl ketone) 0.00228 0.00228
Ethyl acetate 0.00019 0.00019
1-Butanol 0.00386 0.00772
Toluene 0.01266 0.01266
Octafluoropropane (Perfluoropropane) 0.00004 0.00004

SPECIAL INTEREST COMPOUNDS
Hexamethylcyclotrisiloxane 0.02252 0.22519

NON-TARGET COMPOUNDS
Fluorotrimethylsilane 0.03288 0.03288
Cyclohexane 0.00122 0.00122

TARGET COMPOUNDS (GC)
Methane 0.00114 0.00114
Hydrogen 0.00090 0.00090
Carbon monoxide 0.02014 0.07465

TOTAL T-VALUE 0.91538 1.18013

ND :  Value is less than the laboratory reporting  limit.
Note: Number of decimal places in T-Values do not represent significant figures of measurements.

TABLE 2C
T-VALUES FOR SPACEX-16 RETURN

T-VALUE (7- & 180-d)



Increment

Mission SpaceX-15

Sample Location
Potable Water

WPA 
Wastewater 

ORU

WPA 
Condensate 
Sample Port

ESA Condensate 
Heat Exchanger 

(CHX)

Sample Descr iption
Test Maximum Contaminant

Maximum 
Contaminant

WPA 
Wastewater

US Condensate
Columbus 

Condensate

Sample Date Conducted Level Level 7/10/2018 7/10/2018 7/17/2018
Analysis/Sample ID Units by (MCL) Source WQ180675 WQ180676 WQ180520

Physical Character istics
Conductivity µS/cm U.S. 173 240 350
pH pH units U.S. 4.5-8.5 41000 7.74 7.45 5.99

Anions IC
Bromide mg/L U.S. < 0.1 < 0.1 0.5
Fluoride mg/L U.S. 0.4 0.4 0.4
Phosphate (as P) mg/L U.S. 0.2 < 0.1 < 0.1

Cations IC
Ammonium (as N) mg/L U.S. 1 SWEG&41000 22.4 31.8 42.3

Minerals ICPMS
Calcium mg/L U.S. 30 41000 0.18 0.28 0.18
Potassium mg/L U.S. 340 41000 0.18 0.24 0.05
Sodium mg/L U.S. 0.16 0.22 < 0.01

Trace Metals ICPMS
Aluminum µg/L U.S. < 10 < 20 11
Boron µg/L U.S. 16 54 178
Chromium µg/L U.S. 230 41000 < 10 < 20 12
Manganese µg/L U.S. 300 SWEG&41000 < 10 < 20 4
Molybdenum µg/L U.S. < 10 < 20 6
Nickel µg/L U.S. 300 SWEG&41000 54 168 923
Silver µg/L U.S. 400 SWEG&41000 < 10 22 < 4
Zinc µg/L U.S. 2,000 SWEG&41000 976 3,350 < 4

Silicon ICPMS
Silicon µg/L U.S. 8,540 12,600 29,600

Total Organic Carbon-Sievers &  Total Organic Carbon-OI
Total Inorganic Carbon (TIC) mg/L U.S. 18.1 27.1 4.38
Total Organic Carbon (TOC) mg/L U.S. SWEG / 41000 27.7 134 187

Volatile Organics-Targets
Acetone µg/L U.S. 15,000 SWEG 9 see alcohols see alcohols

Volatile Organics-Special Interest Compounds (Semi-quantitative)
Acetaldehyde µg/L U.S. not found 24 15,000
Trimethylsilanol µg/L U.S. 210 260 430

Volatile Organics-Non-Targets (estimated conc.)
Fluorotrimethylsilane µg/L U.S. 37 75 not found
Methoxytrimethylsilane µg/L U.S. 18 not found not found

Semi-volatile Organics-Targets
Benzothiazole µg/L U.S. 77 98 76
Decamethylcyclopentasiloxane (DMCPS) µg/L U.S. 92 262 256
Dodecamethylcyclohexasiloxane µg/L U.S. < 40 127 233
Methyl sulfone µg/L U.S. 1,500,000 inter im SWEG (06-2017) 208 192 231
N-n-Butylbenzenesulfonamide µg/L U.S. 64 78 79
Tris(2-Chloroethyl)phosphate µg/L U.S. 97 106 109

Acid Extractables-EPA 625 L ist GCMS
4-Methylphenol (p-Cresol) µg/L U.S. < 40 40 42
Benzoic acid µg/L U.S. < 200 2,620 2,310
Phenol µg/L U.S. 4,000 SWEG < 40 513 501

Base and Neutral Extractables-EPA 625 L ist GCMS
Benzyl alcohol  µg/L U.S. 59 21,600 25,100
bis-(2-Ethylhexyl)phthalate µg/L U.S. 20,000/6 SWEG/EPA < 40 58 < 40
Di-n-butylphthalate µg/L U.S. 40,000 SWEG < 40 226 85
Diethylphthalate µg/L U.S. 684 951 1,520

Semi-volatile Organics-Special Interest Compounds (Semi-quantitative)
1,3,5-Triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione µg/L U.S. < 40 46 140
1-Methyl-2-pyrrolidinone µg/L U.S. not found 610 960
2-(2-Butoxyethoxy)ethanol µg/L U.S. not found 1,200 1,800
2-Butoxyethanol µg/L U.S. not found 290 220
2-Ethoxyethanol µg/L U.S. not found 500 not found
2-Ethyl-1-hexanol µg/L U.S. not found 360 380
2-Ethylhexanoic acid µg/L U.S. not found not found 740
2-Methyl-2,4-pentanediol µg/L U.S. 110 130 not found

Soyuz 54
56

Table 3A: Analytical Concentrations of Compounds Quantified in Condensate and Wastewater Samples Returned on Soyuz 54 & SpaceX-15



Increment

Mission SpaceX-15

Sample Location
Potable Water

WPA 
Wastewater 

ORU

WPA 
Condensate 
Sample Port

ESA Condensate 
Heat Exchanger 

(CHX)

Sample Descr iption
Test Maximum Contaminant

Maximum 
Contaminant

WPA 
Wastewater

US Condensate
Columbus 

Condensate

Sample Date Conducted Level Level 7/10/2018 7/10/2018 7/17/2018
Analysis/Sample ID Units by (MCL) Source WQ180675 WQ180676 WQ180520

Soyuz 54
56

Table 3A: Analytical Concentrations of Compounds Quantified in Condensate and Wastewater Samples Returned on Soyuz 54 & SpaceX-15

2-Phenoxyethanol µg/L U.S. 230 1,900 680
2-Phenyl-2-propanol µg/L U.S. 160 240 230
Acetophenone µg/L U.S. not found 25 29
Benzaldehyde µg/L U.S. not found 130 200
Butylated hydroxyanisole (BHA) µg/L U.S. 210 330 < 80
Heptanoic acid µg/L U.S. not found not found 450
Hexanoic acid (Caprolate) µg/L U.S. not found not found 1,100
Methyl 4-hydroxybenzoate µg/L U.S. not found not found 59
Monomethyl phthalate µg/L U.S. 230 390 not found
N,N-Diethylformamide µg/L U.S. not found not found 89
N,N-Dimethyl acetamide µg/L U.S. 540 760 1,400
N,N-Dimethylformamide µg/L U.S. 400 660 750
Neomenthol µg/L U.S. 61 75 74
Nonanoic acid µg/L U.S. not found not found 1,400
p-Menth-1-en-8-ol (alpha-Terpineol) µg/L U.S. 40 79 not found
Phenethyl alcohol µg/L U.S. not found 52 not found
Tributyl phosphate µg/L U.S. 50 63 67
Triethyl phosphate µg/L U.S. not found not found 53

Alcohols &  Acetone GCMS
1-Butanol µg/L U.S. < 400 476 < 400
1-Propanol µg/L U.S. < 400 608 < 400
2-Propanol (Isopropanol) µg/L U.S. < 400 1,170 4,240
Acetone µg/L U.S. 15000 SWEG see volatiles 3,810 1,110
Ethanol µg/L U.S. < 400 101,000 < 400
Methanol µg/L U.S. 40,000 SWEG 3,850 8,540 < 400

Glycols GCMS
1,2-Ethanediol (Ethylene glycol) µg/L U.S. 4000 SWEG < 1000 2,830 6,770
1,2-Propanediol (Propylene glycol) µg/L U.S. 1,700,000 SWEG < 1000 12,000 15,100

Silanols LCRI (Semi-Quantitative-NIST traceable standard not available)
Dimethylsilanediol (DMSD) µg/L U.S. 35,000 SWEG 25,000 38,000 60,000

Carboxylates IC
Acetate µg/L U.S. < 500 < 500 161,000
Lactate µg/L U.S. < 500 < 500 903

Aldehydes GCMS
Formaldehyde µg/L U.S. 12,000 SWEG < 10 32 21

Non-volatile Organics LC
Caprolactam µg/L U.S. 100,000 SWEG < 500 < 500 2,470

Organic Carbon Recovery percent U.S. 36.07 75.76 71.69
Unaccounted Organic Carbon mg/L U.S. 17.71 32.48 52.94

Comments: None

Data Qualifiers: WQ180675: Methyl sulfone - Possible slight low bias; DMSD reanalyzed on 11/6/18 and confirmed by GCMS.
WQ180676: Methyl sulfone - Possible slight low bias
WQ180520: Methanol - Data qualifier:  Possible low bias (MS Rec. 74.3%)



Increment

Mission

Sample Location
Potable Water

WPA PWD Hot
Stagnant Leg of 
Potable BUS in 

US Lab

Stagnant Leg of 
Potable Bus in 

US Lab

Sample Descr iption
Test Maximum Contaminant

Maximum 
Contaminant

Potable water
WPA Product 

water, Pre-Flush

WPA Product 
water, Post-

Flush
Sample Date Conducted Level Level 9/10/2018 7/26/2018 7/26/2018

Analysis/Sample ID Units by (MCL) Source WQ180672 WQ180673 WQ180674
Physical Character istics

Conductivity µS/cm U.S. 2 6 2
pH pH units U.S. 4.5-8.5 41000 6.21 5.23 5.23

Iodine LCV
Iodide mg/L U.S. < 0.05 3.73 0.50
Iodine mg/L U.S. < 0.05 < 0.05 1.34

Total I mg/L U.S. 6/0.2
41000 (tl I max/tl I at 
pt of consumption) < 0.05 3.78 1.83

Trace Metals ICPMS
Nickel µg/L U.S. 300 SWEG&41000 4 1,800 46

Silicon ICPMS
Silicon µg/L U.S. 39 71 822

Total Organic Carbon-Sievers &  Total Organic Carbon-OI
Total Inorganic Carbon (TIC) mg/L U.S. 0.94 1.22 0.82
Total Organic Carbon (TOC) mg/L U.S. SWEG / 41000 0.42 0.86 1.17

Semi-volatile Organics-Targets
Methyl sulfone µg/L U.S. 1,500,000 interim SWEG (06-2017) 150 NA NA

Base and Neutral Extractables-EPA 625 L ist GCMS
Benzyl alcohol  µg/L U.S. 24 NA NA
Silanols LCRI (Semi-Quantitative-NIST traceable standard not available)

Dimethylsilanediol (DMSD) µg/L U.S. 35,000 SWEG < 1000 < 1000 2,700
Organic Carbon Recovery percent U.S. 13.6 N/A N/A
Unaccounted Organic Carbon mg/L U.S. 0.36 N/A N/A

Comments: NA=Not analyzed; N/A=Not applicable

Data Qualifiers: WQ180672: Methyl sulfone - Possible slight low bias

Soyuz 54
56

Table 3B: Analytical Concentrations of Compounds Quantified in PWD Hot and Product Water Samples Returned on Soyuz 54
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