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Analysis of Odorous Compounds and Pesticides in Water
by Capillary Gas Chromatographic-Mass Spectrometry
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Mami Nakamachi

There are serious social problems of odorous compounds in potable water and environmental
pollution caused by pesticides in the waste water from golf links.

This investigation has been designed to establish suitable methods for determinations of
odorous compounds and pesticides in water using capillary gas chromatographic-mass spec-

trometry. (GC-MS)

The pretreatment with GC-MS analysis included the solvent extraction for odorous compounds,

and the solid extraction for pesticides in water.

The results of investigation show that the odorous compounds analysis depends strongly on
extraction pH and vacuum pressure in concentration and that the solid extraction for

pesticides can be a useful analytical method.
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Table 1 Interim water quality goal and test methods by the
Welfare Ministry (tap water)
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Table 2 Interim guidline and standard analysis methods by the
Environment Agency (Discharge water from golf course)

Name V\aterqua/hty Test method Name Gmd,elme Standard analysis method
goal (mg/ £ ) (mg/ 2)

[Insecticides] [Insecticides]

Isoxathion 0.008 | GC-MS, GC-FPD(P), GC-FTD Isoxathion 0.08 GC-FTD

Isofenphos 0.001 GC-MS, GC-FPD(P), GC-FTD Isofenphos (.01 GC-FTD

Chlorpyrifos 0.004 GC-MS, GC-FPD(P), GC-FTD Chlorpyrifos 0.04 GC-FTD

Diazinon 0.005 | GC-MS, GC-FPD(P), GC-FTD Diazinon 0.05 GC-FPD(D’)

Trichlorphon (DEP) 0.03 GC-MS, GC-FPD(P). Trichlorphon (DEP) 0.3 GC-FPD(P)

Fenitrothion (MEP) 0.01 GC-MS, GC-FPD(P), GC-FTD Fenitrothion (MEP) 0.1 GC-FPIX(P)

{Fungicides] [Fungicides]

Isoprothiolane 0.04 GC-MS, GC-ECD, GC-FPD(S) Isoprothiolane 0.4 GC-ECD

Iprodione 0.3 GC-MS, GC-FTD Iprodione 3 GC-FTD

Oxine-copper 0.04 HPLC-Ultraviolet Oxine-copper 0.4 HPLC-Fluorescence

Captan 0.3 GC-MS, GC-FPD(S), GC-ECD Captan 3 GC-ECD

Chlorothalonil (TPN) 0.04 GC-MS, GC-ECD Chlorothalonil (TPN) 0.4 GC-ECD

Thiram 0.006 HPLC-Ultraviolet Thiram 0.06 HPLC-Ultraviolet

Tolclofosmetyl 0.08 GC-MS, GC-FPD(®I*} Tolclofosmetyl 0.8 GC-FPD(P)

Flutolanil 0.2 GC-MS, GC-FTD Flutolanil 2 GC-FTD

[Herbicides] [Herbicides]

Asulam | 0.2 HPLC-Ultraviolet Asulam 2 GC-FTD

Simazine (CAT) 0.003 | GC-MS, GC-FTD Simazine (CAT) 0.03 GC-FTD

Napropamide 0.03 GC-MS, GC-FTD Napropamide 0.3 GC-FTD

Butamifos 0.004 GC-MS, GC-FPD(P), GC-FTD Butamifos 0.04 GC-FPD(P)

Propyzamide 0.008 GC-MS, GC-ECD, GC-FTD Propyzamide 0.08 GC-ECD

Bensulide (SAP) 0.1 GC-MS, GC-FPD(P) Bensulide (SAP) 1 GC-FTD
GC-FPD(S), GC-FTD Pendimethalin 0.5 GC-FTD

Pendimethalin 0.05 GC-MS, GC-FTD

A test method with HPLC is acceptable for Iprodione and

Bensulide (SAP).
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Fig. 1 Solvent extraction method
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Fig. 2 Calibration curve
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Fig. 4 Total ion chromatogram (MIB, Geosmin, Borneol,

Camphor)

77 LR ; 50°C 347,
50~150°C 10 °C/min,
150~200 °C 15 °C/min,
200 °C 104>

EADRE ; 200 °C

X,y 7~—HA;He 72

HEAR ;2 uL

HEAL ATV o b vR

MS % : BEER
A A v ERE 5 250°C
A4 ALEE ;70eV (EI1)

BT BOB V- X P74V~
2. 2 RERE

HAE & LT 1 RICR TR AR 2T, RRE
AR - B5E%, GC-MS RTEE L, BmEC LS
ESHWEOERNEOETIREFOC LV ME SN TEID,
AR BT HERERIT T OWME CE D W
RN R ERE CIT- 72, T7bb, MI B, Geos
fEreys (1~150 pg/0) % E#EGCRTEAL, SIMERT
BlE Utze BN & BEOBFRLDREREZIFEML
EBIRICR LI COREDvR7R~ P77 01, BIE
iRtk 5icl pg/eEA LIRS Sy 7 777 v FIMES,
o nEEREb N,

¥, BAROTICERTLIE, #HAY 7 2ZEK
WE L ELREEE RO VT s BLOR NV F A - DY
- 7 % SR B L T,

¥, WEEMERKE (T, DOC) X045 m D 2
yrvy 74 vE-TEEBEDTOCHELE Ui,

34 bt A A 5 E - 4

Vol. 85 No. 2 (1991/8)

L




{1

L MIB : 50 ng/ 2
9 Concentration ratio
20F 2 % 500 (500 — 1me)| ]

Recovery
-~
f—23
l}
1

1 ) 1 n ] 2 1 . 1
0 100 200 300 400 50
Vacuum pressure [Torr]|
E5E  BERNER O HZEE & [
Fig. 5 Relationship between recovery of MIB
and vacuum pressure
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Table 3 Relationship between recovery and times of

extraction
MIB Extraction melgiﬁgited Recovery
(ng/2) (me) (%)
w5 L™
w e
I

Humic acid : Carbon source
Sodium carbonate : 50 mg/4
(stabilizing pH of sample)
MIB, Geosmin: 100 ng/£
Neutralizing agent : NaOH, HSO4

120F ! j :
mi _0Geosmin Coefficient of variation (%)
— ik o AMIB pH 3.5 7.1] 11
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Sl v 1 MIB |16.0| 6.5| 8.0
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(3%¢) DOC: Dissolved organic carbon
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Fig. 7 Rerationship between recovery and sample pH
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Fig. 8 Relationship between recovery and DOC
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| Molecular | Melting Solubility | Vapor pressure

Molecular formula weight | point (..é’) g/ (OCS) mmeg )
[Insecticide]
Isoxathion CistlisNOsPS 313.3 — 1.9 —
Isofenphos CisH2sNOJPS 345.4 12 20 (20) 3x10°¢ 20)
Chlorpyrifos CoH1iClLNOsPS 350.6 41~42 0.3 (25) 1.2x1073 (20)
Diazinon Ci2H21N203PS 304.3 Liquid 40 (22) 6.4 X 1079 (20)
Trichlorphon (DEP) | C;HsCl50.P 257.4 33 1.5x 105 |7.8x 1076 (20)
Fenitrothion (MEP) | CeH12NO;PS 277.2 0.3 Refractory | 6x10 ¢ (20)
[Fungicide]
Isoprothiolane Ci2Hiz05S2 290.4 50~51 48 (20) 0.5 (179)
Iprodione Ci3H13ClaN205 330.2 136 13 <7106
Oxine-Capper CisH12CuN»02 351.85 — Insoluble Nonvolatil
Captan CoHsClzNO:S 300.6 178 < 0.5 < 1.33x10 %
Chlorothalonil (TPN) | CsCliN2 265.9 250 0.6 (25) <70.1 (40)
Thiram CeH12N2Sy 240,42 |155~156| 30 fem —
Tolclofosmety] CoH11CLOsPS 301.1 78 ~80 0.4 4.3%10 1
Flutolanil Ci7H16F3NO2 323.3 108 9.6 1.3x107°
[Herbicide]
Asulam CsHioN20sS 230.2 143 5X 109 —
Simazine (CAT) CrHi2CIN; 201.7 225 5 6.1x 1079 (20)
Napropamide Ci7H21NO2 2714 69.5 73 5.3x 1076
Butamifos Ci3H21N204PS 3324 — 5.1 6.3x 101
Propyzamide Ci2H1iCNO 255.9 | 155~156 15 8.5% 1079
Bensulide (SAP) C1aH24sNOPS; 3975 34. 25 —
Pendimethalin Ci3H1aN304 281.3 56~57 0.3 (20) 3x 1075 (25)
NIP Ci2H7Cl;NOs 284.1 - — —
CNP Ci211sCIsNO3 322.56 107 Refractory 0.35 (109)
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_Extraction
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Concentration  (1mg) [by Nagas purge]
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Fig. 9 Pretreatment for the solvent extraction method
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1. Conditioning : Methanol 4 m¢

2. Injection of sample: Sample 500 m¢&
+Methanol 5mé

3. Rinsing : Pure water

. Drying : Nagas

5. Extraction: (n—Hexane)/(Ethyl
acetate) =1/1 4méx 2 times

|
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k—D—
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D=13mm¢, L=10mm
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Fig. 10 Pretreatment for the solid extraction
method

SOOOOOE L L L
450 000 S
400 000 -
—_ - I PRy
T 350000F N P,/ ~
5 000 L
& 250000 o~ Isoprothiolane of
E 200 000 o of
& 150 000f el :
100 000F > Isoprothiolane : m/z 290 ]
50000F -~ NIP :m/z 283 |7
i i 1 i 1 i I L 1 1 n 1
0 200 400 600 800 1000 1400 1800
Concentration {zg/ 2]
B/ MER
Fig. 11 Calibration curve
100
14
o] 13
S ]112
- 3 .
3 2
& 7 10 46
1 9 15
618 17 18
19
4
0 r~rrrr rTT T T T T T 1 1
1331 21.65 29.98

Retention time  [min]

1 Simazine(CAT) 2 Chlorothalonil(TPN) 3 Propyzamide 4 Diazinon

5 Tolclofosmetyl 6 Fenitrothion(MEP) 7 Chlorpyrifos 8 Captan

9 Pendimethalin 10 Isofenphos 11 Isoprothiolane 12 Napropamide
13 Butamifos 14 Flutolanil 15 Isoxathion 16 NIP

17 CNP 18 Iprodione 19 Bensulide(SAP)
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Fig. 12 Total ion chromatogram (TIC) of pesticides
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Fig. 13 Mass chromatogram
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Table 5 Recovery of standard solution in the solid extraction

Concentration‘of CAT | Diazinon |Isoprothiolane| NIP CNP
standard solution
lug/e 110 110 — 100 90
5u1g/8 86 78 94 78 78
20 ng/e 82 75 115 71 69
50 pg/e 97 110 80 86 84
Average 94 93 96 84 | 80

Concentration ratio: X50 (500—10 mg)

B/ 6 X AEMHIEE EAHHED K
Table 6 Comparison between solvent vs. solid extraction method
(solid extraction) / (solvent extraction) (%)

Concentration| CAT Diazinon | Isoprothiolane | NIP CNP
1~10 pg/2 75 56 — - —
10~50 g/ — 71 93 58 50
50~100 ng/2| 126 — 99 — —
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