Ol HriX 4322 7]

X HHPFPD,XSD,ELCDH1

A

ﬂ?%TPFPD/MShU”J ey IE:

R ot

O-I-Analyti(_:a

4IIII|
([



W [ SR
» 725
LK 0 i

o KA g | AAFOR
e HIHEN

o =

o I~

o ISR

o SPME; A4 FI T4

o BHEHENL I A R (SBSE)
— Gerstel ] [H) Twister™




B ASLIN 2

o Jikih K ARG R I #5 (PFPD)
o X ZHIFFIRAIIES(XSD)
o Jiti%(MS)
o FR L T R 745 (ELCD)
o FRIPEUNLE
— PFPD/MS




e {0 K

ﬁ..., 52 D

. ) . —
: B 3 A
. N 1y
. NN NG
AN a8
i ‘ o |
— i
R X
; e
¥
3
Rl 8 -
¢
T \

T

U“-ll‘

IR AT BT B AT

AN B
Z~ o HH

i £ i FIEX

oo ARG
R RV NIER &

o jt/rL,EZ%

5 7] JILE'][E

e CO, i

o [



7 N e [
). 7 R e
& L
3 S0 ;

ik QKR D' A 2

e PFPD, & — AR KAt
B H
— 2EiE T AFFM(LO0GFEL L)
— &5 T REE(101F L L)
— A, SRR Y

o fif TR IE!
— P D
— B T TR FE

SR

i

[N




ELCDHEF A

e ELCD(Ffif FE ' 2 A 27 )

— bR
o BEHUKZI T /NI B B TN T
o SIS I P B A PR 1 2

— BEBILIEHT I g 5, Al
— W/ TVOC, A5, PCBRILT LTI 1Y

7




XSDH 4R i

e XSD( X = FF AT I 25)
— XSDX T-&4 i = W) i HG% )
Ve et Rl
—  FAIE IR DB 159 25 SR T, R
FEBREL 0T 1 26 [BT AT 12 0
— TR HI 7R,
— RPE < 1pg Cl/F




SRIPFPD,ELCD, XSDAIMS
VT BRI T HT B F




p o ot R

PFPD 3 #1745 1

i g . Analysis of sulfur species
B ] in lemon oil using the
; ‘ol i Pulsed Flame Photometric
» 2500-: Detector (PFPD)
-A_\J Je00 ]
1000 —-
500 —'
i L ILL. W
1 LFEN, i H9:1
Fr g8 5E250° C O--Analytical é;



3 r
| - i
R -\
3 N

XSD 3 #7145 vH

Analysis of
halogenated
compounds in lemon
oil using the Halogen
Selective Detector
(XSD)

IEDVTVE

-

[T L ) B B B R
6 8 10 12 14 16

18 2 min
1R LA N HEIBUN [H] A 1-4 55
il 259 £ 1000° C O-HAnalytical ES



.‘_';"‘_'r- = . b

ELCD 73 M7 T

| e Analysis of halogenated
<=4 compounds in lemon oil
- L ] using the Electrolytic
= Conductivity Detector
a0 - (ELCD)
m_fkw—‘m - B ) W
L LA N HER T A 143
R 25 5 1000° C O-+Analytical S



Grapefruit oil spiked
with 1-2 ppm sulfur

standards and
analyzed on the
PFPD

Ko 237 EE250° C

1< 16 12 20 22 24 m
i k9:1
O-+Analytical €&



) T e P

Z 14000 —
] halogenated species

unknown

Analysis of

12|:u:u:|—: in grapefruit oil on
' the XSD

10000

2000

go0a —
<000 —
- JJL&A\H__‘ k
: v v v i 1 T T 1 i v v v 1 v ’ v ’ ’ v ’ v 1 v ’ v ' 1 v v T
10 12.5 15 17.5 0

K #8955 1000° C

IR LA N HESOR [R) M 1-447 %
O-+Analytical ES



Analysis of
halogenated species
in grapefruit oil on
the ELCD

I | I I I I I I I
[ LY 123 15 17D A

L oo

1K LA U vE N HE B () M 1-45- %
K #8955 1000° C



p o ot R

PFPD 43 #7#H 47 1

unknown —

s ] Analysis of sulfur
j species in citrus oil

2000 - extract on the PFPD

2500 —:

2000 —

1500 —:

1000 —

500 — “ {
] - . ] i 1 i\_,\__.\__‘l_A . al
I I I '1:] I I I 1!.? I I I 1!4 I I I 1:3 I I I '1I8 I I I 2:] I I I 2!.? I Irnin

IR LIEAN, 70 bE9:1

O-+Analytical ES



p o ot R

& 7 ™ E [
A ] S =
s % = 5 |'| E
: I = =
I | Boooa 4 = ] I“I'f":jl II| -
B 4 Analysis of sulfur z | o
Ny ies | 3 '
e\ . species in = . U S S
S peppermint oil on -
' o the PFPD -
o g
.'-. r £
5
{ i 30000 o
MJJ I
. - H'-'é"
20000 - _E =
5 S
10000 = %
K | I ”
Ll -. AL S
2 < G 2 10 12 14 I

i bh9:1
GCHIIZAT I [R] hnHe 51 18.55) 4 O-HAnalytical &5



‘_';"_"'- ¥ .-J J . . A

15 1
=Juln} —:
F00 —:
500 -

500

00 -

200 -

Analysis of
halogenated species
in peppermint oil on

the XSD

100 -

Chloropyrifos

ANTIEN
GCIriaAT I [a] e £118.5 7%

O-l-Analytical



p o ot R

PFPD ) AT A i 1 I

5 u"ur
2500 =

Pinene, a fragrance
compound, is a bicyclic
terpine that can be extracted
by steam distillation from

pine tree sap.

. 5 »
; 5 A % a
A by '-_ 3
\ T
) oy
‘\\.
! e
RSN
‘e .
[+ s

B 8 20001

Methyl Disulfide

Methyl Trisulfide

1500 -

o L_‘LL_IJ‘L‘»U
: |-l T N J'\- ‘L—Ah—‘—rws K_‘ | — R TN ¥

5 10 15 20 min

10 LN, 723k 100:1

O-l-Analytical

i
ar



PFEPD 73 A1 A2 A 11 HH il

o ZRh BT R AR, T

@ = A, e, KA RS 253
Ze\ J o FITE KA
A N | _  RAFPDA gl 2144
,)S. Expanded view of sulfur fin lll&
- 1. |

Sulfur by PFPD | ARG T M E A
Jiww, Ao ) ,~| me[bhw - %"WEP?J%WEHEK
L_uhﬁ ..... \ ﬁ/v I S
O-+Analytical ES



MS
£ S 7 J )
| FID
Mint Sulfide only
Detectable with
1 J The PFPD
' b
Sulfur by PFPD

10 LYEA
Corriander & Wk sl & F178
/H T HAF IR

TR A

R FH FPDAS I AN 21 g U

AR M2
fishwort, 5 &
“Chinese Lizard
Tail"#f 2 B H
K







PFPD 43 #1 % =i2 Y H ) 3-MCDP

4 & _ 3-Chloro-1,2-propanediol or 3-

L | 0] MCDP is a contaminant from

2 ' hydrolyzed vegetable protein. 3-1MCDP
i o a - 39 na/mL

. : Chlorotetradecane (internal standard)
i i ¥ BEE 474 ng/mL W

18 LA EFEAN



AIBZ B, (SULFOODWSIE10022.0

] Perform this analysis in
]| tandem with a MS to identify
] peaks.

T T T T T
10 15 20

KT A S HERE A AT 70 AT 38E S il -
e AR R



PEPD 43 M YA 2 v [y

ADZ S, (SOl CL s ot L

| : Raw onion: The longer the
. e =0 onion was cooked the

. more organosulfur
ﬂg'\' =5
2000 —

compounds were |ost.

‘IIIIZ—; |
] Jn_l N ) l, . L —

é T T T T !] T T T T |5 L T T T :h L T T L zls T T i

A3 RMSHEA T 73 B LLUR9 2541 o ) 0




Garlic Cooked 5 minutes: The longer
the garlic was cooked more sulfur

compounds were released from the

matrix.

A3 RMSHEA T 73 B LLUR9 2541 o ) 0




PFPD 73 M H 45 4 373 7 HA i

500 - The two different
4350 ~ . chromatograms illustrate the
@ 400 - S 5 two different varieties of
© l o = = | strawberries available in Florida.
= 350 = = =
= = L = S
EN0 7T 12 £ 2
o 220 - = @ = ]
w (=1 1 T — =
S 2004 g = = D
& 150 - 4 2 [T, =
Q s - = A
o 100 -
50
0 g |l '_I . -
0 2 4 6 8 10 12 14 16
Chromatogram courtesy of Russ Rouseff at University of Florida

AR RO\ AR T LR LN ASEU
21



XSD 73 1 KN 20 B

AR IECD ik & XSDth i %]

AlBT A, (COLUMBLAVEIGETO011.0O)

. '.,‘:‘:-‘ -‘--““..‘ 0
. 4 NN NG
b o Y '|\
. e Yo e
o _.1"_" SR 3 5%
oo
Wl PR LR WET1ERs3

Fiilg 4 7 Bh

FERR D K FHFDAR TV A 32 Ui IF?MEZ/I% SR i Z@;%%BZ
25 FARSE T %l EHEI%

O-HAnalytical &5



| Garlic Cooked 5 minutes: The longer
the garlic was cooked more sulfur
compounds were released from the
- . matrix.
- _ MJ_L_.—J L—LJU j/ul k

N T T e

GPCHKH1:1) 5 EI%_@EE%%K%?EEHE.
2T MER, R G K R R s AR
Y AT GCMS /) A7 Cisrasicailld




K HPFPDAIPFPD/MS 57
7 2 110, I P TG 1 U




PFPD 347 £1 41 %5 10 v 1

é]:/@ %?E“A”
15u‘JE ~4.5 ppb S ~7.5 ppb S
mﬂﬂj As MDS As MTHIOAC
EiIJIJI]-E
] 0.5 ppb S
e As MS
4000 -
300 -
znnu-; Unk 0.15 ppb S 0.3 ppb S
1000 5 I As ES As MTS
: \‘q_LI- | - Lo -_,._.'Ill.
e o e
; 10 12 14 16 m

MS=Ffifif MTS=H1E: —fiilik ES= L fii i
MDS=HAL —fifi ik MTHIOAC=Methylthioacetate



lolBued3pOg-1 — e

apyinsip |jAng-ef —3 |

e

uejodensa)y (Aydan

= !
= A
2y~ B
#ﬁ 3PYINS JAWY ——— |
= ]
k -
auaydoy | —= ..n

umouun —= |

joiiauedosd)Aglap-T - ..5

jonauedosdiAio-7 I




g e EfE v
b - R . 5
" -

PEPD 43 A VR SR 74 H 11 i

PRI

09
Eﬁ].
I
M§ |MDS .
lUnk 1 ~0.1ppbS
; Unk %11 In Unknow
{1 4
{11
EEEEE T s w1 ow s
=TI N 1K
9: 143kt Rk (20psi,0.57) %)
MS= i ik DS=FF & T Fk O-+Analytical €&



1 ¢ .
%
=3

T2 /PEPD 4 #7725

T )

15 0
. _ Methyl sulfide
1?5[:&: I 8.7 ppb
1 Unknown | | 3
150001 41.8 ppb | | 4 Dimethyl disulfide
] EJnl-:nﬂwn 2.1 ppb
12500 “ 36.8 ppb
10000 ] k‘ u
?Em}f o LA —
] i ] i I
50004 Unknown sulfur
] compounds
25004 / quantified using
] the equimolar
oF—A—LL : rnescI
L L} 1 1 1 1 1 1 1 I 1 r 1 I | | 1 1 L] 1 1 r I 1 r 1 punSE
75 5 75 10 125 feature of the
PFPD
s, Bkahsrini(20psi,0.541 %)
O-l-Analytical

llIIIn
(1]



—
=
_"-=_=_—
|’r__.-
——
.

0
£
f'_-

MS

, LJ‘,UM. sk L'-,.__J \ I-iml ‘LJ,]JF{:';IJ I'MLL_I 3

T
000

=]
2

A
2

el =

dimethyl disalfide |§3
methiomol
A Z-faranyl thaszole

dimethyled feide
Hmethrdthiopopylacatats "

4-meihylthic-Z-bitanon s

-

" |

PFPD

-

J-\, . - & L) . | &
|
2500 3000

1000 15.00 200

P R M) K FH Gerstel A =] R “Twister” #3547 2 5y

O-l-Analytical

llIIIn
ar



> . 5
¢ -

PFPD 43 H1“Skunky” B i t ()i

: ]

PR P ——
!
| P
1

Bl & cmee
4
-

4

methy lihio acetan

digthy isulfide

“slaanky beer”

compound

~|  [PFPD | \
= |




T 7= /PEPD 79 A1 P A iy 1 A i

" Honey Wheat Beer

= Methyl sulfide
1.5 ppb

Sam Adams Honey Porter

Methyl sulfide
= 5.3 ppb

] Dimethyl disulfide
=4 1.3 ppb

s M L P MO Ak
HLA7 A ppb S



] "Hot Smokey Fred” Beer

Methyl sulfide
6.6 ppb

Dimethyl disulfide
1.2 ppb

“Barringers” Brew
Methyl sulfide
18 ppb

Dimethyl disulfide
/0.9 ppb

¥

G TR ) LYY A AT
Hippb S



IR 314 B2/ PFPD 7 B WAL FH ) i

| Miller Genuine Draft o Budweiser MDS
p u 1 h
Unk s - MS Q
r T - -
MDS & o T
£S Unk = ES F r
I II I'|:|1 — J. h - . N .|: |.||
e e Y 1] T T T
..I.--“HI -.-..-uu_u--\.--a-.u:.m.a-u . U o FEE L Dt el B A A
Miller Lite MDS = =1 Sam Adams MDS
. ™ /
MS T “ M3 =
ES = =
;i -
] =
] =
A
-,.-I-—._L——wn-h-lw". s oy s ll""""'"""'" ™ _,EIEILHHFMLJH%
| T — T T T T+ T 7 T T 10 T T T — 1 T

" Wik S MO 1ppb S F K2 4ppb S
MS=H#ilik MTHIOAC=Methylthioacetate
MDS=F 3L —fifi ik ES= ik ) +Analytical ES




e I

W HAE/PFPDA BRI R 1R

Vermouth DS *1 Cranberry Liglior

MDS

A oM
1 L8
o al
| VPRI PRVRRR 1 Wt
al o
T LI L T T T T T L T T T LI T T T
L3 E 12 H L E 1 11 'q

| Kahlua *1 Scotch Whisky

MDS

MDS

Bk e LaL

B B e L B o L m

B DU B G L A <0.1ppb S £ K% Sppb S
SmLFE M, 70 b 100:1




Unknown Jack Daniels = Crown Royal
1.4 ppb ac6]

Methyl sulfide
] / <0.5 ppb

i |

"=
""" T T T T T T T T T T T T T T
1] r i L B (4] 12 1% 18 m

B Kaluha 3 Finnish Cranberry Liquor
TN s LI i
d 0.6ppb - Methyl sulfide
‘ | ] 8.4 ppb
o U
I I ) I T 1 P T ol R SRR SR BN B " T 7 T o

fi RO B2 Y 1l A <0.5ppb S £ K% 8.4ppb S

1 W LFEbh, i Ee9:1

llIIIn
ar

O-l-Analytical



-‘I‘;‘_’.- <3 3

Bu -
shmill {13 /5 2

i 1 R

- h-,r |
Twister#it E—
i ;
%%nglﬁn EPi[?ﬁjgléz/J
GCH AT | f 8 At S




IPFPD /M 4E

RO

O-l-Analytical

|IIII|
ar



&\ IR M Y ul b allh UUWJLMM.I}[ J[ I

I
Sulfur in
Coffee "A”

A |
Ay \ J,JMHK,MM\Q ¥ uJ b l

> <

1 Y IPNPUY N S

Sulfur in
Coffee “"C"

o .I\\ _—— III-




IR HH =0 s o A

R RN BRI =615 K

Ju

JMMM L

MS

Y - rhlllh,m'tﬂm.mdmAﬁL. A e A

FID

s luk b.l

|

i

» M hwwm Ll L\ulﬂm..ik_ﬂ_ﬂﬁ JJ ﬂ

B Sulfur by
PFPD

22155200 U 45 o il 1)




?
&

\ ¥

v -
: L %
e | N
¥ NG
> v \ b
. 0 ol
- 2 e AR g
| - o S
: N A N
o s S TR . oy
A
- 4
. 3 L

= AN TR AR 1] T W R £

150 ]
| Headspace/PFPD { P&T/PFPD ~4 ppb S
16007
an as MDSs
2.3 pph S 15000
as MDS e 0.65 ppb S 1.0 ppb S
= EN as M5 as MTS
Ean S
= 0]
i |
B s .l - 1 ] “ . L
N i 4 b "ok i i 1] ih # i il
: Twister™/PFPD
2 S=HlH —_
2aHlE
leuj ........................... —




.‘_';"‘_'r- s . b

IINHE, 25 A0 a] AR AR )

=1 Brewed Coffee S 1.0 ppb S
e 0.65 ppb S As MTS
acco As M5 —a-N

Unknown
<0.05 ppb S
1

7.5 = A7 .5 A5 AF 5 "

e - — T T
6.00 200 1000 1200 1400 15.00 18.00 ;‘EIZIIZI




VEEE(ES

[PFPD AT it o1 i3

1.0 ppb 5 as M5

Grapefruit Juice

MS saturated |
The detector

Orange Juice

“Self-Quenching”

MS reached

Apple Juice




}?’" e :f A

| WISterTMiﬂPFPD/MS/\i;ﬁ‘I/LPEF' EI/] Bin

i ol
i Fora
‘ g 3
S, A ) i
LT i .
' A
! > f;,“
. - =
b, . =k ]
e ¥ -
2 .
. o % s ]
y o]
4
Li L T
i ]
1

o - SBe
6.00 3 10.00 1200 1400 15100 1800 2000




» .o N -t
Her” TR o
1y g .‘{,

£ .4, fr

 Twister™fIPFPD/MS /5 Hi i o 1%

T
I # ".:‘__ o |
b s ’
o s |
_ i
- o o
= 3 o % o, )
’ e o
% | h &
T T T N
Iﬂ

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr




\J

/

e

nj\il: ;J;—*7<$]}D,'i
17H 9 ol

H 75 R4 ot

O-l-Analytical

|IIII|
ar



e o 0 ]

= w07
= a0
Z=_ 1=+ 07
207

1 . Ses07

1. S=+07

1. Fe=+07

1. S==-07 4

1. S5S==07 4

1. S4==07
1.2==+07

1 . Z2Ze=+07
1.1 =7
N =0T o
Sooooo D
S0 4
FTooooOoo 4
SO 4
SO O
S oDnooOoD D o
Z2OooOoD D

ZOoOooooD
Ao o

!

Tl T THRZ=TOZ.

Menthol

Linalool

Methyl Salicylate

Anethole

/Li nalyl Acetate

¥] Carvone
‘/

[T lmm e ——o=

o T
= .00

oty Tty L L B —
= = f ] A=E.O00 Z0.o0 Z=.00 =20.00

L L e e e pe
2 .00 == L

TICK B8 T 2.16 58 4 B K &R it




e =TETL T

1

N

< N

B — ol
Dm0

| . S0

SO0
2000000 -
TOoOOoooDOo
EO0O0ooD0O0 -
S00Oo0o0O0 A
= oo
2 o0ooooo o
Z0oooo o
1 oo0o00o0 4

= ]

D07 -
LT
S 0T ]
LS 0T

T OT
iSO T
LSO
il R
Dm0
S De 0T
O T

N0

Linalool
Benzyl Acetate

methyl Butyrate

Ethyl-2-

ol WML

- 1

L)

[T lmim = ——=

=.bo

A= Oy 35!1:!!3

= OO0

-il--EI_IEI-EI-

TICK] 27~ T 0.550 7 B H I T AL FI AT R4 it




