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Determination of aldehydes in drinking water and river water by
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A method for the analysis of 7 aldehydes in drinking water and river water was developed using
an headspace sampler in combination with a GC/MS with negative-ion chemical ionization
(NICI). A sample (15 ml) was simply transfered to a 20 ml headspace vial, followed by the addi-
tion of a 0.1% O-(pentafluorobenzyl) hydroxylamine (PFBOA) solution (1 ml) and NaCl (2 g),
in which aldehydes were converted to their O-(pentafluorobenzyl) oximes with PFBOA within
two hours. A sample was put in the headspace sampler, which was set to heat at 80 C for 20
min. The gas of PFBOA derivatives was then injected into the GC/NICI-MS with methane as
the reagent gas by high-pressure pulsed split injection. The detection limits of the 7 aldehydes
ranged from 3.7 pg/ml to 15.3 pg/ml. The overall recoveries of the aldehydes in drinking
water and river water samples were from 82% to 103% {RSD (n = 5) were from 3.4% to 7.1%}
and from 89% to 95% {RSD (n = 5 were from 3.2% to 6.5%)}, respectively.

Keywords : aldehydes; headspace sampler; GC/MS; negative-ion chemical-ionization; pentaflu-

orohydroxylamine ; drinking water; river water.
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Table 1 GG, MS and headspace conditions for aldehyde - PFBOA analysis

GC (HP6890)
Column HP-5MS, 30 m X 0.25 mm id X 0.25 wm film thickness
Column temperature 80T (1 min) = 5C/min — 250C
Injection mode pulsed split(250°C), 206.8 kPa(1 min), split ratio: 3/1
Carrier gas Helium (1.2 ml/min, constant flow mode)
Interface temperature 280

MS (HP5973) Headspace sampler (HP7694)
Ionization mode CI negative Bath temperature 80C
Reagent gas Methane Loop temperature 150C
Reagent gas flow rate 3 ml/min Transferline temperature 200C
Ion source temperature 150TC Equivalent time 20 min
Electron accelerating volt 230V Sample volume 15 ml
SIM monitoring ion m/z 178, (M-HF)~ Injection volume 3 ml
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Fig. 1 Dependence of the flow rate of reagent gas on

peak area of 7 aldehyde - PFBOA standards

Ion source temperature: 150C ; Concentration of each
aldehyde-PFBOA: 1 ng/ml; ll: acetaldehyde-PFBOA;
@ : propionaldehyde-PFBOA; @ : butylaldehyde-
PFBOA; [1: pentylaldehyde-PFBOA; <: hexylalde-
hyde -PFBOA; O: hepylldehyde-PFBOA; X : octy-
laldehyde - PFBOA
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v F-PFBOA TR &SNz, FOMOILEWIZHB W
TREBR S adholk. $2, 7972 4 FVIZHL
T, TVFRVEPIRNIWTE b7V F-PFBOA &
TRY¥4 YT VFE F-PFBOA Tid (M~ CH,0)" 4 %~
PEMRICBE SN, 7F VT ILFE F-PFBOA X
D REWkEMTORBTISF ALY MM F v ELTRE
m/z= 239 BB S NIz, TDA & Vid, McLafferty #:58
WL O GFAF B R-CH=CH2 (RIZH X7V
FNE) DBBEL A RSN S. £/, PFBOA
FEMAIZ BT syn, anti O BERIER SN 5B 25,
INSEMEDOHEREANRY M VIZILENZHED NG5
7=. —77, NICI TO#RIT anti KO A% Table 2 1ZR L
Tehs, FRMEY — 7 X EIFME m/z=181 b L <384
TG AV ML F Y (PFB - 3H)', m/z= 178 B S h
oo BT AF VLTI ani R TORBE IR, 20
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Table 2 Relative intensities (RI) of the main ions formed in NICI-MS of anti-aldehyde - PFBOAs m/z (RI, %)

anti-Aldehyde - PRBOA (M)~ (M-H-HF)~ Others

Acetaldehyde - PFBOA 239(8) 219(27) 196(43) 181(100) 178(82)
Propionaldehyde - PFBOA 253(19) 233(18) 196(45) 181(100) 178(89)
Butylaldehyde - PFBOA 267(17) 247(32) 196(46) 181(92) 178(100)
Pentylaldehyde - PFBOA 281(21) 261(56) 196(51) 181(67) 178(100)
Hexylaldehyde - PFBOA 295(4) 275(71) 196(68) 181(52) 178(100)
Heptylaldehyde - PFBOA 309(5) 289(85) 196(53) 181(42) 178(100)
Octylaldehyde - PFBOA 323(7) 303(45) 196(37) 181(34) 178(100)
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Table 3 §/Nof aldehyde - PFBOA with EI and NICI 80000000]

anti-Aldehyde - PFBOA EI* Ner” NICI/EI 70000000

Acetaldehyde - PFBOA 9 32 3.4 60000000
Propionaldehyde-PFBOA 7 38 5.4

Butylaldehyde - PFBOA 5 42 8.4 § 50000000
Pentylaldehyde - PFBOA 3 35 11.6 ° L
Hexylaldehyde-PFBOA 6 52 8.6 § 90000000 y
Heptylaldehyde - PFBOA 4 64 16.0 300000007 %
Octylaldehyde - PFBOA 2 58 24.0 T

concentration: 1 ng/ml.  SIM monitor ion: a) = 209,223
and 239. b) =(M-HF)"

0 ‘ ‘ .
0.200 0.300 0.600 1.000
Injection volume / ml
‘ AT ROWENTRETH - 72,
AELERRLTIDZ FROWENTRETDH > Fig. 2 Effect of injection volume on peak area of 7
3+2-2 ﬂM%kiéﬂE SIMETDE=SY — A% aldehyde - PFBOA standards

NEHEHEY — 7 @RS ABEVL WS, SEOT VTR Each aldehyde: 1 ng/ml; B: acetaldehyde-PFBOA;
F-PFBOA @ FI, NICI TO#¥EY — 713, &4 (PFB)"; € : propionaldehyde-PFBOA; @ : butylaldehyde -
. . ) PFBOA; []: pentylaldehyde - PFBOA ; O hexylalde-
m/z=181 RU" (PFB = 3H)"; m/2=178 TH 5. LA L hyde-PFBOA; O: hepylldehyde-PFBOA; X : octy-

INBAF VIE PFBOA 5 bW 57280, FERIZHE laldehyde - PFBOA
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AL, 1ng/mlBEOBEEREGHEREFILSPOHEIZ  HELi.

1€- T PFRBOA AL, ~FH il LR Z4T- 72, Kk 332 HMARXFAE HSS | L7-54, 7 A
BFPEEBY m/2=181 R 178 TER—XF A4 Y OmE  fLL7T7 V7 F-PFBOA %8R IWIZ GCTHEAT 5 LE

DWIEFIZELS R S/INPMET Lz, Lzt CTEZ S — DI B2, WAFEREESVA FATY v MEAESH
A4 F iz, Eukimu=m& 2923, 239, NICI# Tt mf%a.Ai&@@,ﬂ»xeiUV\ﬁ’ﬁﬁ7'
(M-HF)” { % ¥ % 3#4R L7z, Table 32 EI, NICI TO% Iy MR 15:1, 10:1, 5:1, LB R, JE

T7NT e R-PFBOA ® S/N&E/R L7, ZOELSL NICI ABYPY—2iE, ROY—27BIRIZ &x%%@bomf
DIEEIZEI LB LT /N 34~240fhmro7z. L WXz, ZOKR%E Fig. 2R L7z, EAEORN (A

72050 T, DIBEOKE Tids T NICI THlZE % 1T 72. 7ﬂy%%®ﬂ$)uww E~7%FiWML,270
v M1 15 3 1IWEET LI ET, T-XTCHIL
33y N AN—ZDEEREOHS ﬁ%@ﬁ—?ﬁ&#&m»azmuﬁkt,c@%wgm

KEBFOBEBEAEYE 5T 556, HSEEFIL B3 hdho7. —JF, E=27BRICELTH, FAED
HWHAMECHM L FETH 505, Az, ABOMEE WL E—2BROVTAERBIFTH-72. L7
B R, AT, ROBEHOBRMG Eke GEEE 2o ¢, BB ARARI 1ml & L7
BB 525, L LAREROIEREITEVHEZ 33-3 EEAME  HSSEICBVTHLET MY YA
E7NVFE F-PFBOA DY — 7 HEIXE < 2525, @B FoMPELZRNT S I 1%, EARRIC X 2 BKER L5
EIEHAAL T (20ml) 205 5ml PR KETHY, I FTELH. £ITHBEELTEAF M) Y2 2MHL, #
BRI RE LB KA CH A0 EE L OFRIME00~4g & LRI~ 7 BEICRITTHEY
T80T & L7z, # I CARERTIIHBIISKEN, HAK  #~L. HER%E Fg 3ITRLAEY, RIEOBMIE
PR CHEFEORIME D ¥ — 7 iREAN ORI DWW T, 223 TEMNTIVFTE F-PFBOADLRYF VT IVFTE F-
By (15 ml) 27 )V & F-PFBOA “RIEHEAEW  PFBOA FTRY—Z7RENMRLL., LrLAFI LT
15u) ROHEHEZRM L7222 CRE 2172 72, Lk F-PFBOA CEBINEN/NS L, ATF LT ILF

331 NEFEMHRER &Y — 27 RIS 2 5 NS0 E F-PFBOA LU 7 F V7 V7 & F-PFBOA 31k

OB ERAD 720, HSS F— 7 Vil 80T T 20~ 40 FUTADBINIE Y E—FBEIXEI L. 203K
SINEL, K- REOKAIT-7. TOME, 3 &, KBEEOSWT VT e F-PFBOA IZ L Tix, M1k
TOTIVFE F-PFBOAICBWT 205 CRARMERL, F P T ADTIM & BN RPER T - 7275, K
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Fig. 3 Effect of NaCl amount on peak area of 7 alde-

hyde - PFBOA standards

Each aldehyde: 1 ng/ml; IB: acetaldehyde-PFBOA;
@ : propionaldehyde- PFBOA; @ : butylaldehyde-
PFBOA; [J: pentylaldehyde-PFBOA; <: hexylalde-
hyde-PFBOA; O: hepylldehyde-PFBOA; X : octy-
laldehyde - PFBOA

HOENTIVF e F-PFBOA T, PO T7 LR K-
PFBOA DX ~DOBATAERT 5 LIZX BENI
EOKT2S, C— 7 MEICH L CHEHREZAEL-OTIEE
EZoNnbd, LPLELRLFEMEAESLETHS. L
FORBR, §RXTOMEYWOE -7 EELZERL T, 1t
F R LAOREMEX2g & L.

3.4 FBEMEEGFOKE
KHFTOT VT FHEO PFBOA FEMRILEGDOMEN 2
&, £7 VT FOZRBAEERREZHVT, 2:3HD
GHTAEICHES TPFBOA % Img & L72T VT Filg
EA 1 ng/ml OFEBBBEERL AW, BUDHIC
HSS TONIEIRED 80T TH o /a2, 80T TORIGHY
MoOEEE 7z, #HR%E Fig. 4 1R L72D, LEWIC
IO Y- BEORHIRLY, XUFATLFTLFLD
SFEOREVTIVFE FIZDoWTid 60 45 T KE% R
Lz, ZORKREEEESYOWMEIC L 2 HRTOF LR
XD ERETH oA, 77T F-PFBOA BRI T
OFEFR L BB U2 RISsEE, RKTHT7E b7V FRe R
D 88% TH o7z, Kl “¥E®i§&7wrtb@&m
BFEITE» o7, BEREWEABAESICNRT 720
mmﬁ®Mm7thb#mmme0A&ﬁmT ML
SMHICBIT LRI NS, —HFRIRTOFLEMRLEE
iT%&,H%%ﬁﬁb@ﬁ@ﬁﬂ%”ﬁk%%%%b
A,ﬁﬂwmﬂﬁﬁﬁﬁ%~m 2T B2, HEHE
&ﬁ%(\ﬁ%ﬁx@%ﬁ) i HEhBZEERD
ZFITE mf1~mﬂﬁm%§%tﬁﬂﬁﬁf,mﬁﬁ
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Fig. 4 Effect of reaction time on yield of 7 aldehyde -
PFBOA

Reaction temperature: (A) 80T ; (B) room tempera-
ture; Each aldehyde: 1 ng/ml; M : acetaldehyde-
PFBOA; 4 : propionaldehyde-PFBOA; @: butylalde-
hyde-PFBOA; [ ]: pentylaldehyde-PFBOA; <: hexy-
laldehyde-PFBOA; O: hepylldehyde-PFBOA; X :
octylaldehyde - PFBOA

BOY— 27 BEICE 2 2BV TR, R Fig.
40EBYT, TRXTOT7IVTFL FHY 2 Bl CRAMEIZE
L, 10EEZETHIE—Z7REMETIE b o7, L72A
o T, FHEMLITEER (25T) TomE L. T2,
KISFEIZOW TR 7Y F Y 7 AUFe FETF LT ILF
t A 25% & 68% LIKRWETH - 2, Zofo7 vy
v NiZ80% U ETHolz. ThETTIFE F-PFBOA
EHE & B L 2 USRI OHmE T 2 L, Tut oy 7y
L RETFNT VT FORSEIEROK S OERERIZAHET
HBD, 2B TELELTWZZDOT, TIVFE F-
PFBOA OREHEIZ X BMEM TR L, 77T M
L BE—ETHE L BEREZERTLZET, B2
g Z 26N 5.

3.5 BN, BE, BEE

34 HTOMRET ORE, BEHMY, BE, BRECOVWT
X, 7T e FEEERRE VT HS-GC/NICIMS Tl E
L7z, WiCid SIM AR L7z, B2y — A4 12
RO EBY, 7 VFR F-PFBOAHE DA + T
H5DHM-HF) A4 &2BIRL 72, R % Table 4 1I7R L
7z, BEEIXT V7 N -PFBOA BE#EA T, 0.1 pg/ml
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Table 4 Detection limits, linearity, repeatability of aldehydes

Aldehydes SIM ion- : Detection }ilmit / Instrument pxﬁcision (,R,S,D,,’,,i/,o)ii
(m/z) pg ml Repeatability” Reproducibility”
Acetaldehyde 219 0.996 10.4 3.1 7.4
Propionaldehyde 233 0.998 15.3 3.4 6.8
Butylaldehyde 247 0.998 5.4 3.5 7.7
Pentylaldehyde 261 0.998 3.7 3.7 . 8.4
Hexylaldehyde 275 0.998 4.2 4.2 - 83
Heptylaldehyde 289 0.998 7.6 55 8.9
Octylaldehyde 303 0.998 13.4 4.8 7.4

a) Repeatability was calculated on the basis of five replicates at 50 pg/ml within one day. b) Reproducibility was calculated on the
basis of one times per one day for five days at 50 pg/ml per.

TELAEMD S/NH 3 U LTI EN, BERETIIEL Table 5 Recovery(%) and repeatability of aldehydes
B SN hor. LaLTIVFE FEEEDSHE L in drinking water and river water

Btr, 22 BURIC PFBOA 2RI L CFBEMIL 21T 72 Aldehydes Recovery, % (RSD", %)

O, FEMMEBAERERBBICEET AT VT R, 7 - Drinking water River water
Ve F-PFBOA BREETHERL L 72 IR L 22k Acetaldehyde 82(5.4) 89(3.2)
TS5~ 0 pp il . Ll Io%RBEEE e e o057
ThHY, ZRBROBERFALIFEL UTHWSEHETEL Pentylaldehyde 92(3.9) 93(4.1)

5B RIS IR E 22, LiAtsoT, & o B 0700 S905)
EToRPMMIHRMEOR AL, ZRBREZEZLTIVE Octylaldehyde 103(6.7) 94(5.3)
su~< bS5 A00 S/N=3 L L7-BOEE L. #E a) Repeatability was calculated on the basis of five replicates
12 8.7~ 153 pg/ml Thot. TOHEFITLFL K- at 100 pg/ml spiked within day.

PFBOA fZH#E CO /MM RMHE & B L T 10~ 50 2]
LB, Lo T, RERRPLFEMAILHTH S

PFBOA DBIZ L HAXR—AF A4 VO EHPZT TR, 1000000 (A) Hm/z=261)
pg/ml BT OBBE R BV TIE, T VT KaEE e ST -

Wb OGRS ~OBTT 5720 LRSS, B Blm/2=279)

M LCid, 10~ 1000 pg/ml o &P T oM E 5 o A1 AR . 2m/z=239)

i 0996 LhETh o, 7, WHECHLTE, 50 0% | 7(m/2=303)
pg/ml DB & VTR HTOM Y E L BBMGES 5 o000 —

A L7 & X OMGHERRETRL, HECTORIAME e
5HMET1H1EE®EL, HyEEFEEsRdz. Zhb 100 150 fime/ min 200
FTARTOMEIE Table 4 1R L7z, BHECHLTEE 0 |

G T 8.1 ~55%, HEEHMET6.8~89% Th- 1. mmom o

5

56 K, KEATCORMEREREEE 00000 6
EMENERE LT, Ho4Lo7 Ve MEmsme 0 ( ;

IV EBBICHRCHD L R HR LK OKEK 200000 —— ‘

14ml iz, 75 KRBT A 775 L 72 100 ng/ml p— e
A A 15 1l I LT 2-3 HOSH IR R 170, 100 "% ime/ min 200
ﬁ~%§@%ﬁ%ﬁ@?ﬁ%&gﬁL@MEW%%MiL Fig. 5 SIM chromatogram of 7 aldehide - PFBOA in
7z. ®R% Table 5128 L7z, WMIEILER L 82~ 103% drinking water(A) and river water(B) spiked at 100
T, BYOELOBEMY (vn=5) FHNERRFET32~ pg/ml

% Thots LIS, MDYy s ARKE L et oo b e
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Table 6 Analytical results of aldehydes in drinking
water and river water

Aldehydes Amount, ppt »
Drinking water River water

Acetaldehyde 26.7 35.4
Propionaldehyde 9.3 6.5
Butylaldehyde 8.2 7.7
Pentylaldehyde N.D N.D
Hexylaldehyde 8.3 7.5
Heptylaldehyde N.D N.D
Octylaldehyde N.D N.D

T T e FERHER RN L 22 IR R UK EK D SIM T
D7 N7 TARRLEN, WMSIMZav 77 a3k
WHiEY -7 OREL 2L, SEHMRELET VTR
HOMBDPWETH o7, Tz, TOFEMLTERT S
syn, anti DREEOZHIZEL T, ANTFNVT VTR
FEFI7FNT VT FTEEETHIE LD o728
BURORELT VT FOGFERE -HTLZ 00
TRTHRETOWECTERF TR TH o2, U LEOEED
FhER, - AR R AKEARIC BT DT ppt LANVT
OPELWEETH S I LR S NIzDT, ERFE LT
TR R OKEAFO 7 V7 FHEOWEZIT, JEE
K% Table 6 1R L, JJIZKOD SIM 7 1< k75 A% Fig.
6 1R L7z, BIEREE, AGlA, AT N7
Fe R, 7utFry7IVFe R, 7FILTLFe FEUAN
FYNTUFE FHppt LAV THIBER, FIZTE T
V7 Fid 354 ppt EEHWEHTH o 7.

LAk, REFFRIZEB VT HS-GC/NICIMS 12X A7 VT

FEODHEORE 217 - 4 E, NICIEDS EI & Mg
LCREMENTHD I AL, HSEb MR & o
AEOEM AT 2 LB L, WA RO
b3 b YU A KT PFBOA ML, FR CTHRIER HSS
DTN M UAITELTZTT, KEKRLWNKFDOT IV
Fe FEOBREST 2 WIS L7z, BEICSHmAET L7
PFBOA FHEAALIZ & 5 HS-GC/NICIMS 1%, 5 x5
ELT7 VT FEICER ST, 7 b ik EOBERKRESHT
WKHERTH Y, e KBBPOI VR VLED O
SEBRENEEICLRYIIZLDEEZ LN,
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Fig. 6 Typical SIM chromatogram of river water
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ANy FAR=AY VT I =W T A0 57 4 —/84 F Vb4 F VALBEBOHEICL 3,
KEEH 7THEOT VT FO—FSWEE B L. ABOMTLEIE 0.1% PFBOA KKK AL F b
U azRmL, ERT2EMREYT 52 & TPFBOALEITVY, T 7L F-PFBOA &~ v FAXR— A
V75 —12T 80T T 20 Mk, FOAy FAR—AHFAZREEAT) v MEABEICTGCIZEBAL,
U EBRETNALTHEAF U MLEAL F AMUETHE L. 2O/E, TOFEICINEET VT FEY
7 ppt VNV TOMENTRTH S Z Ehhoiz. Tz, WIKETKREKIZET7IVTE F% 100 pg/ml
EHEML, RETELNLZWINEE, KEKT82~103%, WIIKTEI~95%, F2khEL OFBME
(n=5) FHMNEEFETCENETN34~T71%, 32~65% CTholz. TNHOI L SARBASE L7200
EERACE, KA 07 VT FE%E ppt LRV TRIER L —FOHT 5 2 EMEETH - /2.
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