(]
B

L

o,

e

" J  ABSTRACT

Fragrance materials, such as synthetic musks in aqueous "

-F

samples, are normally analyzed by GC/MS in the select[ |
ed ion monitoring (SIM) mode to provide maximum sensitivity
after liquid-liquid extraction of 1-L samples. A 1-L sample, how!]
ever, usually provides too little analyte for full-scan data acquisil]
tion. An on-site extraction method for extracting synthetic musks
from 60 L of wastewater effluent has been developed. Such a
large sample volume permits high quality, full-scan mass spectra
to be obtained for wvarious synthetic musk compounds.
Quantification of these compounds was conveniently achieved from the full-scan data directly, without preparing SIM

descriptors for each compound to acquire SIM data. This method reduces labor and solvent used.

INTRODUCTION

—/ Ultra-trace levels of numerous compounds found in effluents from tertiary sewage treatment plants and in
surface waters require large concentration factors before high-quality, full-scan mass spectra can be obtained

for comparison to mass spectral libraries. Good retention of both non-polar and polar compounds on a solid-phase
adsorbent is required to ensure retention of most organic compounds. The Environmental Chemistry Branch of the
USEPA has developed a convenient sampling method performed in the field to avoid transport of large water volumes
and possible contamination from laboratory air. Organic com/ |
pounds in large volumes of sewage treatment plant effluent

were collected on solid-phase extraction cartridges. Eight of

15 target analytes (synthetic musks and musk metabolites)
were identified and quantified by GC/MS from full scan data.

'@ SAMPLING

The sampling train in Figure 1 was assem!
bled at each site. A coarse filter composed

of a wad of glass wool deactivated with Masterflex Portable
. . . Peristaltic Pump
dimethyldichlorosilane (DMDCS) removed large Connector fitting
particles and algae, and a 400 cm?, 5.0 wm pore-size 400 cm? 5.0 um Masterflex Portable C-Flex Tubing
- 5 Teflon tubing filter device Teflon Adapter
filter removed most remaining particulate matter. 7= (€
) ) ) «—— Metal Clamp
The twice filtered water is drawn by and passed BMCS troated|gIEE= Mool [FE BN —
0 9 0 i Cartrid
through a peristaltic or diaphragm pump and final[| ~ L g Pt Ll
1 ni 6 g of NEXUS Sorbent

i ly through a cartridge containing the sorbent, 6 g of e e go orben

i a 1:1 (poly-methyl methacrylate):(polystyrene
cross-linked with 50% divinylbenzene) sorbent
(NEXUS, Harbor City, CA). The sorbent retained
most organic compounds. After over 6 hours of
pumping, the volume of water in the graduated 120-L container was recorded. The amount varied from 45 L when the

A 120-L graduated Nalgene Container

On-Site Solid Phase

Extraction Assembly

effluent was turbid to 85 L when the effluent sampled was visibly clear. Previous laboratory experiments determined

that breakthrough did not occur for any target analyte after 100 L of spiked deionized water was passed through a carl( |
tridge. The cartridge was wrapped in Aluminum foil, transported to the laboratory on ice and the analytes were imme! |
diately desorbed from the solid-phase cartridge.

Chromatography
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‘ ToTAL ION CHROMATOGRAMS

Figure 3a shows the field blank devoid of analytes, and Figure 3b illustrates
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On-site

Sample filtration and extraction
6 grams abselut® NEXUS sorbent
(Sample Volume 45 - 85 L)

Flow: 267 + 10 mL/min

The extraction scheme | Sunogates injected b
IS dlagramed ln Flgure 2. FI eI d 5 Hours Online filtration and extraction .
R e T L E L LT rrT T -
Concentratlon Of the Lab Elute with 20 mL each n-hexane and ethylacetate
Cartridge fits directly into vacuum manifold

final extract to 400 uL
provided concentration
factors of 1.1 x 10° to

5
2.1 x10°.

Schematic representation of on-site
solid-phase extraction procedure with
abselut NEXUS sorbent.

Dry over 5 grams anhydrous Sodium Sulfate
Rinse with CH,CL,

Reconstitute sample in 1 mL CH,CL, .

Gel Permeation Clean-up
Silica Cartridge Purification

Reconstitute sample in Toluene
400 uL
Add internal standard

| GC-MS analysis of compounds .

that dozens of compounds were present in the sewage treatment plant effluent.
Tentative identifications were made for

241 < I
0ol t Figure 3a many of these compounds through com!’
L 2
20l £ parison of their mass spectra with those
18] 2 2 in the NIST library residing on the data
1.6 g system. However, the focus of our work
1.4 s 2 was the synthetic musks used as additive
ey g £ in laundry detergents, soaps, cologne,
1.0 £ 3
08 N shampoo, and other scented consumer
0-6 ] products. The synthetic musks and surro!|
0.4 ] gate standards are labeled in Figure 3b.
0.2 \J
M A
10.00 Total ion chromatogram of field blank.
Time (min)
Figure 3b

E 1. Naphlthalene-dg

409 s caesotde
] 4. Phantolide

3.75 5. Pentachloronitrobenzene
E 6. Traseolide

3.5 1 7. Galaxolide
] 8. Musk xylene

3.25 _: 9. Tonalide
] 10. Muskl lre(onle

307 12. 2 Aming mugk e
] 13. 4-Amino musk xylene

2.75 - 79

25 - 1

2.25 - 5 10

20

175 i
] 13

1.5 _E 2 3 p

1.25 — 11

1.0 —i

0.75 — u

e W W

Urghadd

T
10.00

T
15.00

Total ion chromatogram of synthetic musks in 45 L STP effluent sample.
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The 15 synthetic musks and

musk metabolites in Tables 1-3
were purchased or synthesized to deter(!
mine their retention times, recoveries,
and minimum detection limits, and to
obtain mass spectra for compounds not
present in the NIST library. The nine
compounds with structures drawn in blue
were found in sewage treatment effluent.
The two in red (see Tables 1 and 2) were
banned for use in the United States.

The retention times, quantitation

ions, and confirmation ions for
each compound are listed in
Table 4. Table 4 shows the characteris! |
tic ions used for identification and meas!
urement of musk compounds from STP
effluent samples. The total ion chrol|
matographic peaks for Galaxolide had
the same retention time as standard used
and confirmed the analyte's identity.
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Table 1. Trade and CAS names, structures, log K, molecular weight, formulae and Registry Numbers, for seven polycyclic musks.

Trade and CAS Name (Acronym)

Chemical Structure

Log K,

Wt.

Molecular
Formula

CAS
Number

Galaxolide,

1,3.4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethyl-

cyclopenta-[g]-2-benzopyran (HHCB)

Tonalide,
1-(5,6,7 8-tetrahydro-3,5,5,6,8,8-hexamethyl-
2-naphthalenyl-ethanone (AHTN)

Traseolide,
1-[2,3-dihydro-1,1,2,6-tetramethyl-3-
(1-methyl-ethyl)-1H-inden-5-yl]-ethanone
(ATII)

Celestolide,
1-[6-(1,1-dimethylethyl)-2,3-dihydro-1,1-
dimethyl-1H-inden-4-yl]-ethanone (ADBI)

Cashmeran,
1,2,3,5,6,7-hexahydro-1,1,2,3,3-pentamethyl-
4H-inden-4-one (DPMI)

Phantolide,
1-(2,3-dihydro-1,1,2,3,3,6-hexamethyl-1H-
inden-5-yl)-ethanone (AHMI)

Versalide,
7-Acetyl-6-ethyl-1,1,4,4-tetramethyltetralin
(AETT)

CH:
cHa_SHs :

CH3—:

CH:
O cul M
CHs

cH; §MHs cHycHy
0O
o

5.92

SR

6.3>

5.4b

5.9

5.9b

5.7b

258.40

258.40

258.40

244.38

206.32

244.38

258.40

CigHz60

CigHz60

Ci5Hz60

Ci7H240

Ci4H20

Ci7H40

CigHz60

1222-0505

1506-02-1

68140-48-7

13171-00-1

33704-61-9

15323-35-0

88-29-9

i MUSK COMPOUNDS FOUND IN SEWAGE
TREATMENT PLANT EFFLUENTS

Table 4 provides the concentrations of synthetic musks and musk metabolites found

at three sites sampled on two dates.

Eight of the 15 target analytes were found in one or more of the sample extracts. Use of verl!

salide and musk ambrette was banned in 1980 and 1995, respectively, based on nerve damage

in rats. The absence of these compounds in water samples suggests that the ban has been honl] |
ored by producers of products that contain synthetic musks. =

@ Ref. [3].

[3]
b Estimated values derived by Hansch and Leo fragmentation method in Ref. [2].

Table 2. Trade and CAS names, structures, log K, molecular weight, formulae and Registry Numbers, for five nitro musks.

Molecular CAS
Trade and CAS Name (Acronym) Chemical Structure Log K,,,, Wt Formula Number
C(CHa)s
Musk ketone, Ne: = 431 29431 CpyH;gN,05 81-14-1
1-tert.-butyl-3,5-dimethyl-2,6-dinitro- CHy CHs
4-acetyl-benzene (MK) _Cs,
CHy "0
CH3CH.
Musk moskene, No; ¢ 5.8 27831 C,HgN,04 116-66-5
4,6-dinitro-1,1,3,3,5-pentamethylindane CH{ tcHs
MM) Nose
C(CHs)s
Musk ambrette, OCHs 5.7 268.27 C,H 4N, 05 83-66-9
2,6-dinitro-3-methoxy-4-tert.-butyl
toluene (MA) NO RO
CHy
C(CHa)s
Musk xylene, NO: NO: 4.8 29727 CpH sN;Og 81-15-2
1-tert.-butyl-3,5-dimethyl-2,4,6-tri-
nitrobenzene (MX) &5 & &5
2
C(CHa)s
Musk tibetene, 5.9b 266.29 C3HgN,0y 145-39-1

1-tert.-butyl-2,6-dinitro-2,4,5-tri-
methylbenzene (MT)

Table 4. Characteristic ions used for identification and measurement of musk

compounds.
Retention Primary Secondary

Compound Time (min) Ton Ton(s)
[2Hg]Naphthalene (I.S.) 433 136 135,137, 108
Cashmeran 8.01 191 192, 135, 206
Celestolide 10.46 229 244,173,230
Phantolide 10.91 229 244,187,230
Pentachloronitrobenzene (surr.) 11.06 237 295,214, 265
Versalide 11.45 243 244,258,259
Musk ambrette 11.69 253 268, 254,251
Traseolide 11.84 215 216,173
Galaxolide 11.89 243 258,213,244
Tonalide 12.00 243 258,244,201
Musk xylene 11.99 282 297,283
Musk moskene 12.23 263 278, 264,221
Musk tibetene 12.76 251 266,252,115
Musk ketone 13.71 279 294, 128, 280
2,2’-dinitrobiphenyl (surr.) 13.95 198 168, 139, 115
Amino musk ketone 14.36 264 249,215,191
2-Amino musk xylene 14.51 267 252,218, 160
4-Amino musk xylene 14.92 252 267,218, 235

LS., internal standard; Surr., surrogate.

N | e W
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a Ref. [3].
b Estimated values derived by Hansch and Leo fragmentation method in Ref. [2].

0 RECOVERIES AND MINIMUM DETECTION

As listed in Table 3, the NEXUS sorbent provided excellent recoveries for the target com![ |
pounds. The average recoveries for triplicate experiments with 20, 40, and 60 UL of a solu!

tion containing 20 ug/mL of each musk compound and metabolite were between 80% and 97% for

Table 5. Percent spike recovery data from 60-1 sample? (n = 3).

spiked sewage treatment plant efflul]
ent. The minimum detection limits

metabolites.

Table 3. Trade and CAS names, structures, log K, molecular weight, formulae and Registry Numbers, for three nitro musk

listed were between 0.02 and (.30 [ timccasfmedoomm

ng/L (pptr) for all 15 target analytes, | zemino e buyissdmein

based on a 3:1 signal-to-noise criteril! | . qumo msksyienc

on for the ion chromatogram of each

quantitation ion. 2-amino-1-fert.-butyl-3,5-dimethyl-4,6-

dinitrobenzene (2-AMX)

Molecular CAS
Chemical Structure Log K, Wt Formula Number
C(CHa)s
Amino musk ketone: No: e 5.1a 264.32 C14HyN,04
6-nitro-4-acetyl-benzene (2-AMK) CHJCH "
G(CHa)s
No; No: 4.8 267.28 CH; N30, 107342-55-2
4-amino-1-ert.-butyl-3,5-dimethyl-2,6-
dinitrobenzene (4-AMX) & T i
C(CHa)s
2-Amino musk xylene: No, NH; 4.8b 267.28 C,H 7N;04 107342-67-6
CH; CH:

@ Estimated values derived by Hansch and Leo fragmentation method in Ref. [5].

Na\II\l/(;lt’:rre Eg'l—{‘lle)nt MDL Table 6. Sf(t)'litllcez;t:?:eig:;ns. (ng/L) of synthetic musk compounds and nitro musk metabolites in STP
Analytes (% RSD) (% RSD) (ng/L)
Analytes 85 L2 65 L2 85Lb 45 L 60 L€ (% RSD)
TS xylene 102 (4) o (6) 0.02 Galaxolid: 138 111 152 35.0 40.8 (1.8)
jalaxolide . . B
Dol o ) D) el Traseolide 838 345 126 6.6 <MDL
Musk ambrette 101 (5) 96 (7) 0.30 Tonalide 673 471 %) 26.6 36.8 (2.5)
ﬁusﬁ rrll;)skene gg 24213 gg E‘% ggg Musk ketone 27.5 215 234 213 <MDL
usk tibetene g Phantolide 43 3.1 5.0 2.5 24 (43)
Versalide (AETT) 99 (5) 96 (6) 0.02 gil\CSt})lidC - %41; 1(1)2 I\EI)SL 3(1)2 NIISL 7.2)
1 li HHCB 02 -Amino musk xylene d d < . <
et B T S U N A O
Cashmeran (DPMI) 99 (4) 94 (6) 0.02 —— " . . . = . R,
Celestolide (ADBI) 98 (3) 96 (8) 0.02 Musk moskene <MDL <MDL <MDL <MDL <MDL
Traseolide (ATII) 95 (5) 90 (8) 0.02 Musk tibetene <MDL <MDL <MDL <MDL <MDL
Tonalide (AHTN) 107 (3) 94 (6) 0.02 Cashmeran <MDL <MDL <MDL <MDL <MDL
4-Amino musk xylene 87 (5) 80 (10) 0.30 SOk IEEE L GUp Sk A
2-Amino musk xylene 89.(7) 82 (11) 0.25 Musk ambrette <MDL <MDL <MDL <MDL <MDL
Amino musk ketone 90 (6) 92 (8) 0.25 Versalide <MDL <MDL <MDL <MDL <MDL
a Recovery data from extraction through GPC steps. 2 Effluent sample downstream from a tertiary sewage treatment plant’s discharge pipe (n = 1).
b Effluent sample taken 14 days later from same location (n = 1).
¢ Effluent sample near a different tertiary sewage treatment plant’s discharge pipe (n = 3).

The sampling train, solid phase absorbent, and extraction method used pro’

vided concentration factors exceeding 1 x 10°, which provided detection limits
of less than 1 ng/L (pptr) for 15 target analytes. Recoveries of at least 80% were obtained for
15 compounds having a range of polarities. The total ion chromatograms indicated that dozens
of other compounds were also extracted. This methodology should be equally useful for other
sets of target analytes present in sewage treatment plant effluents.

Notice: The U.S. Environmental Protection Agency (EPA), through its Office of Research and

Development (ORD), funded this research and approved an abstract for this poster presentation. The

actual presentation has not been peer reviewed by EPA. Mention of trade names or commercial prod!’
ucts does not constitute endorsement or recommendation by EPA for use.
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