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Abstract

The Helium (He) Saver injector can dramatically reduce
consumption of He gas in GC-MS(/MS) analysis in
comparison to a conventional split/splitless (SSL)
injector using helium carrier gas. The He Saver injector
was evaluated in comparison with SSL injector using
organochlorine pesticides including their metabolites (10
analytes). The standard solutions (1 ng/ml and 100
ng/mL) of the analytes were analyzed 5 times each by GC-
MS/MS using the two injectors. Retention times, peak
shapes and peak areas of the analytes were compared
between the two injectors. The retention times obtained
by the He Saver injector were in good agreement with
those obtained by the SSL injector. The selected reaction
monitoring chromatograms from both the injectors showed
no remarkable differences in peak profiles. The average
peak areas using the He Saver injector were close to those
obtained using the SSL injector (94-115% of the SSL
injector). Although there were statistically significant

differences of the peak areas in three of the ten analytes
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using a two-sided t-test (p<0.05), these differences were
not considered to be important in a practical analysis.
Peak area ratios for the analytes (qualifier
ions/quantifier ions) using the He Saver injector were
also close to those using the SSL injector (94-104% of
the SSL injector). Overall results indicate that the He
Saver injector can be used for as an alternative for a
conventional SSL injector and contribute to a reduction

of helium consumption in GC-MS(/MS) analysis.
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259 Table 1. SRM transitions with collision energy for

260 the analytes

Quantifier ion Qualifier ion
Analyte SRM transition  Collision energy SRM transition  Collision energy
(m/z) (eV) (m/z) (eV)

a-BHC 181 > 145 10 219 > 183 5
B-BHC 181 > 145 10 219 > 183 5
y-BHC 181 > 145 10 219 > 183 5
§-BHC 181 > 145 10 219 > 183 5
Heptachlor 272 > 237 10 274 > 239 10
Oxychlordane 149 > 121 5 185 > 121 10
Heptachlor Epoxide (isomer B) 353 > 263 10 355 > 265 10
Heptachlor Epoxide (isomer A) 185 > 157 10 183 > 155 10
trans -Chlordane 373 > 266 15 375 > 266 15
cis -Chlordane 373 > 266 15 375 > 266 15

261

262
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263 Table 2. Comparison of retention times of quantifier

264 ions at 1 ng/mL and 100 ng/mL of each analyte

Concentration Analyte He Saver injector (A) SSL injector (B) A-B
(ng/mL) Ave.(min) S.D.(min) RSD (%) Ave.(min) S.D.(min) RSD (%) (min)
a-BHC 11.77 0.00 0.00 11.76 0.01 0.05 0.01
B-BHC 12.25 0.00 0.00 12.24 0.01 0.04 0.01
y-BHC 12.45 0.00 0.00 12.45 0.01 0.04 0.00
3-BHC 13.00 0.00 0.00 12.99 0.00 0.03 0.01
1 Heptachlor 13.94 0.00 0.00 13.94 0.01 0.04 0.00
Oxychlordane 15.40 0.01 0.04 15.40 0.00 0.00 0.00
Heptachlor Epoxide (isomer B) 15.41 0.00 0.03 15.41 0.01 0.04 0.01
Heptachlor Epoxide (isomer A) 15.49 0.00 0.03 15.48 0.01 0.05 0.01
trans -Chlordane 15.87 0.00 0.00 15.86 0.00 0.03 0.01
cis -Chlordane 16.12 0.00 0.00 16.11 0.01 0.03 0.01
o-BHC 11.77 0.00 0.00 11.77 0.01 0.05 0.00
B-BHC 12.25 0.00 0.00 12.25 0.01 0.04 0.00
v-BHC 12.45 0.01 0.04 12.45 0.00 0.04 0.01
8-BHC 13.00 0.00 0.03 12.99 0.01 0.04 0.00
100 Heptachlor 13.94 0.01 0.04 13.94 0.01 0.04 0.01
Oxychlordane 15.40 0.01 0.04 15.40 0.00 0.00 0.00
Heptachlor Epoxide (isomer B) 15.41 0.01 0.04 15.41 0.01 0.04 0.01
Heptachlor Epoxide (isomer A) 15.49 0.01 0.04 15.48 0.01 0.04 0.00
trans -Chlordane 15.87 0.00 0.00 15.86 0.00 0.03 0.01
cis -Chlordane 16.12 0.00 0.03 16.11 0.00 0.03 0.01
265
266
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267 Table 3. Comparison of peak areas of quantifier ions

268 at 1 ng/mL and 100 ng/mL of each analyte

Concentration Analyte He Saver injector (A) SSL injector (B) A/B
(ng/mL) Ave. SD.  RSD (%) Ave. SD.  RSD (%) (%)
o-BHC 70,177 3,197 5 74,349 3,289 4 94
B-BHC 45218 1,946 4 44,776 2,285 5 101
y-BHC 59,962 1,722 3 56,826 3,045 5 106
5.BHC 51,764 2,124 4 47257 2393 5 110
1 Heptachlor’ 69,720 4901 7 60,860 2912 5 115
Oxychlordane” 23,980 1,138 5 21,636 857 4 111
Heptachlor Epoxide (isomer B) 18,685 1,396 7 19,162 1,519 8 98
Heptachlor Epoxide (isomer A) 10,682 530 5 10,708 989 9 100
trans -Chlordane 38,140 2,120 6 38,054 1,501 4 100
cis -Chlordane 18,481 1477 8 19,403 1,333 7 95
a-BHC 7,209,336 298,365 4 7,374,891 324213 4 98
B-BHC 4,742,034 219,302 5 4,658,309 223,751 5 102
y-BHC 6,217,989 192,720 3 5,928,373 279,337 5 105
5-BHC" 5408926 199470 4 5024193 232,838 5 108
100 Heptachlor” 7445957 459312 6 6498125 335816 5 115
Oxychlordane” 2586256 64,067 2 2301730 64,501 3 112
Heptachlor Epoxide (isomer B) 1,966,348 147424 7 1,994,165 95,623 5 929
Heptachlor Epoxide (isomer A) 1,134,319 54,970 5 1,143,106 62,152 5 99
trans -Chlordane 4,250,941 281,795 7 4,243,796 249,938 6 100
cis -Chlordane 2,003,833 160,710 8 2,151,958 135,925 6 93
269 * The significance of the differences between the
270 He Saver injector and SSL injector were assessed by

271 two-sided Student's t-tests (p < 0.05).
272

273
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274 Table 4. Comparison of qualifier/quantifier peak
275 area ratios (%) at 1 ng/mL and 100 ng/mL of each

276 analyte

Concentration Analyte He Saver injector (A) SSL injector (B) A/B
(ng/mL) Ave. S.D. RSD (%) Ave. S.D. RSD (%) (%)
a-BHC 76 2 2 75 1 2 101
B-BHC 77 2 2 74 2 2 104
y-BHC 61 3 5 63 3 4 98
8-BHC 63 3 6 65 3 5 97
1 Heptachlor 63 2 3 63 3 4 99
Oxychlordane 92 6 7 93 3 3 98
Heptachlor Epoxide (isomer B) 64 6 9 63 6 9 102
Heptachlor Epoxide (isomer A) 84 6 8 84 11 13 101
trans -Chlordane 94 2 2 95 2 2 99
cis -Chlordane 94 4 4 96 3 3 98
a-BHC 77 2 2 76 1 1 100
B-BHC 77 1 1 76 1 1 102
v-BHC 64 2 4 66 1 1 98
8-BHC 65 3 5 69 1 1 94
100 Heptachlor 63 1 2 63 0 1 99
Oxychlordane 92 2 2 93 2 2 99
Heptachlor Epoxide (isomer B) 65 1 1 65 1 2 100
Heptachlor Epoxide (isomer A) 83 2 2 83 2 2 100
trans -Chlordane 95 1 1 95 1 1 100
cis -Chlordane 95 1 1 95 1 1 100

277
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