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Determination of Phenols in Sediment Samples

by Direct Acetylation

2 H & A

Yasundo Kurata

Abstract

A determination method of phenols in sediment samples was developed.

Alkylphenols, chloromethylphenols, 2-nitrophenol, and chlorophenols were
almost quantitatively recovered by steam distillation. Recoveries of
naphthols ranged from 60 to 71 %, but 4-nitrophenol was not distilled.

Then,

acetyl derivatives formed were extracted with dichloromethane, and the

Phenols in the distillate were acetylated with acetic anhydride.

extract was concentrated to a volume of 1p¢ using Kuderna-Danish apparatus.
Even low concentrations of phenols were able to be determined by gas
chromatography/mass spectrometry. Method detection limits of alkylphenols,
chloromethylphenols, and chlorophenols ranged from 0.49 to 1.10 gg/kg-wet.
This method was applied to the analysis of environmental sediment samples.

Phenol,cresols, and some chlorophenols were detected. In particular, p-

cresol was detected in each sample at rather high concentration levels.
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Operating conditions for gas chromatography, mass spectrometry (GC,/MS)

Gas chromatograph HP-5890 seriesll (Hewlett Packard)

Detector HP-5971A (Hewlett Packard)
Jonization energy : 70eV (Electron Impact; E I)
Tonization current : 300 uA
Column J &W DB-5ms (30m X0.25mm id., film thickness 0.25xm)
4°C/min
Temperature Column oven : 50°C (1 min) —ﬂn— 190°C

Injection port : 200°C
Transfer line : 280°C
Carrier gas He (carrier flow 1lmlmin, under constant flow mode)
Injection mode Splitless injection (purge activation time, 2 min)

Sample volume 1 u’
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Table 2 Characteristic ions for phenol acetates
Peak Characteristic ion, m/z (rel. abundance)
No. Phenol acetate
(Fig. D) Primary Secondary Secondary
1 4-Fluorophenol (ISTD) 112C100) — -
2 2-Bromo-4-fluorophenol (ISTD) 190(100) 192(99) -
3 Phenol 94(100) 66(27) 136(18)
4 o-Cresol 108(100) 107(46) 150C21)
5 m-Cresol 108(100) 107(43) 150(18)
6 p-Cresol 108(100) 107(64) 150(14)
7 2, 4-Dimethylphenol 122(100) 107(54) 164(22)
8 2-Chloro-4-methylphenol 142(100) 144(33) 107(48)
9 2-Chloro-5-methylphenol 142(100) 144(33) 107(55)
10 4-Chloro-2-methylphenol 142(100) 144(33) 107(58)
11 4-Chloro-3-methylphenol 142(100) 144(33) 107(49)
12 1-Naphthol 144(100) 115(43) 186(14)
13 2-Naphthol 144(100) 115(3D) 186(16)
14 2-Nitrophenol 139C100) 109(10) 181(6)
15 4-Nitrophenol 139(100) 109(82) 181(56)
16 2-Chlorophenol 128(100) 130(32) 170014)
17 3-Chlorophenol 128(100) 130(30) 170C17)
18 4-Chlorophenol 128(100) 130(33) 170(8)
19 2, 3-Dichlorophenol 162(100) 164(67) 204(16)
20 2, 4-Dichlorophenol 162(100) 164(65) 204(8)
21 2,5-Dichlorophenol 162(100) 164(66) 204(12)
22 2, 6-Dichlorophenol 162(100) 164(67) 204(15)
23 3, 4-Dichlorophenol 162(100) 164(62) 204(10)
24 3, 5-Dichlorophenol 162(100) 164(66) 204(21)
25 2, 3, 4-Trichlorophenol 196(100) 198(98) 240(8)
26 2, 3, 5-Trichlorophenol 196100 198(99) 240(18)
27 2, 3, 6-Trichlorophenol 196 (100) 198(95) 240(14)
28 2,4, 5-Trichlorophenol 196(100) 198(94) 240(9)
29 2, 4, 6-Trichlorophenol 196(100) 198(95) 240(9)
30 3,4, 5-Trichlorophenol 196(100) 198(99) 240(9)
31 2, 3, 4, 5-Tetrachlorophenol 232(100) 230(76) 240(9)
32 2,3, 4, 6-Tetrachlorophenol 232(100) 230(79) 240(10)
33 2, 3, 5, 6-Tetrachlorophenol 232(100) 230(76) 274C21)
34 Pentachlorophenol 266(100) 264(70) 268(65)
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Table 3 Effect of volume of distillate on recoveries (%)

Volume of distillate
Compound

200ml 300ml 500m
Phenrotr | e | = 104
o-Cresol 105 100 105
m-Cresol 104 102 101
p—Cresol | == | == e
2, 4-Dimethylphenol 97.5 97.6 101
2-Chloro~4-methylphenol 97.0 96. 4 100
2-Chloro-5-methylphenol 100 99. 2 97.6
4-Chloro-2-methylphenol 98.5 95.5 96. 3
4-Chloro-3-methylphenol 98.3 100 100
1-Naphthol 32.2 64.0 71.1
2-Naphthol 23.1 51.4 62.7
2-Nitrophenol 97.1 103 106
4-Nitrophenol nd nd nd
2-Chlorophenol 101 101 102
3~Chlorophenol 98.8 102 102
4-Chlorophenol 94.2 99.7 102
2, 3-Dichlorophenol 99.8 101 104
2,4~ +2,5-Dichlorophenol 97.3 99.7 102
2, 6~Dichlorophenol 99.6 100 102
3, 4-Dichlorophenol 79.9 95.4 100
3, 5-Dichlorophenol 94. 3 99. 8 99. 8
2, 3, 4-Trichlorophenol 96. 1 97.0 100
2, 3, 5-Trichlorophenol 94.4 95.9 99.8
2, 3, 6-Trichlorophenol 96. 3 96. 1 100
2, 4, 5-Trichlorophenol 96. 4 97.1 99.3
2, 4, 6-Trichlorophenol 102 103 102
3, 4, 5-Trichlorophenol 66. 4 83.3 90. 4
2, 3, 4, 5-Tetrachlorophenol 93.2 96.5 99.4
2, 3, 4, 6-Tetrachlorophenol 93.4 95.1 98.2
2, 3, 5, 6-Tetrachlorophenol 93.2 94.2 99.3
Pentachlorophenol 91.0 92.7 93.6

Added amount : 14 g of each phenol.
nd : not detected

For phenol, recovery data were corrected for blank.



WIRGBEL DN 72, hid e THE L7, £/, 2,
A~ AFIVT = ) — DD 5 D OREERMIR S 4Bt
452 EEBICHE LY,

3+ 2 KESEEEICEITIHEHBOKRS
IKEGARE IR N EEHHEREERAL oI
g OFNEESHCH LTE T =/ — V% lug
FomMmlr, £ L THBKEES 200md, 300ml, 500
mb& Lic & SDEINEREFH N, ZOE% Table 3
IRT . AL REEREEHICEp-7 LY — VN
BN L THIIEVWEETEEN TV ENDS, p-
U= VERBRLCIIEDT = /=AW THEITE
WEAR DT, 7« /) — VAT L T HEE

Table 4

WEBETEENTWEDT, 7S5 7%2ZEL5WTE
NRARKD Tz, DT =/ —IVEHIZ 200mlDF HHE
AR A sk BEEENICEIE NN, F
7 b=, 3,4~V 7T /) —b, 3,4,5-hU S
oo’/ —AOENEREN 2, TORN, 3,4-V
suon7 /=, 3,4,5-M)sorT e/ —ILid
S00mM D EHEWARRT 22 LIk BEERNK
ENRTELN, 77 b= VBRI OELEET
bEN AR TH >t T, 4= b0 T2/ — N
WKESEH IO I - 1o DED T EMS, KEK
RETHBICENT 2B HEEEME ST S L
kD, BEELBABHOT = /- VENZEERRN
ERE B 2 ENgh -,

Study of the steam distillation of phenolic compounds

from fortified sediment sample (n=7)

Added amount 0.1ug lug
Compound Recovery (%) CcV (%) Recovery (%) CV (%)
Phenor = 102 4.6
o-Cresol 96.9 5.7 102 3.2
m-Cresol 98.7 6.9 99.4 2.5
p-Cresol == === e e
2, 4-Dimethylphenol 97.5 9.8 98. 8 3.9
2-Chloro-4-methylphenol 94.1 8.7 95.1 6.1
2-Chloro-5-methylphenol 97.8 1.2 101 6.9
4-Chloro-2-methylphenol 97.0 7.9 98.2 5.8
4-Chloro-3-methylphenol 97.0 7.4 101 3.3
1-Naphthol 64.5 16.2 71.0 5.7
2-Naphthol 60. 2 14.3 61.9 8.2
2-Nitrophenol 105 8.2 104 2.6
4-Nitrophenpopl === ————= —omee s
2-Chlorophenol 99.4 7.1 99.7 2.5
3-Chlorophenol 96.5 6.2 100 3.0
4-Chlorophenol 96.7 6.9 100 3.0
2, 3-Dichlorophenol 98. 4 6.9 103 3.1
2, 4-+2, 5-Dichlorophenol 98.2 6.9 100 2.6
2, 6-Dichlorophenol 96.1 8.1 101 2.7
3, 4-Dichlorophenol 95.5 6.0 98.6 2.8
3, 5-Dichlorophenol 97.1 6.9 99.4 2.8
2, 3, 4-Trichlorophenol 92.0 5.2 99.7 1.0
2, 3, 5-Trichlorophenol 87.17 8.3 98. 1 1.7
2, 3, 6-Trichlorophenol 92.3 5.0 99.4 1.9
2,4, 5-Trichlorophenol 90.9 6.0 99.5 1.9
2, 4, 6-Trichlorophenol 95.3 4.9 100 2.7
3, 4, 5-Trichlorophenol 87.7 7.3 90.1 1.9
2, 3, 4, 5-Tetrachlorophenol 88.4 6.1 98. 8 1.0
2,3, 4, 6-Tetrachlorophenol 89.3 8.5 98. 0 1.4
2, 3, 5, 6-Tetrachlorophenol 88. 3 6.6 98.9 1.7
Pentachlorophenol 82.9 7.3 94.5 0.9

Volume of distillate : 500mf.

For phenol, recovery data were corrected for blank.



Table 5 Reproducibility of measured value

Compound CV(%) Compound CV(%)
Phenol 1.2 2, 3-Dichlorophenol 0. 83
o-Cresol 0.78 2, 4= +2, 5-Dichlorophenol 0.64
m-Cresol 0.96 2, 6-Dichlorophenol 1.0
p-Cresol 0.94 3, 4-Dichlorophenol 1.1
2, 4-Dimethylphenol 0.80 3, 5-Dichlorophenol 0. 66
2-Chloro-4-methylphenol 1.7 2, 3, 4-Trichlorophenol 1.1
2-Chloro-5-methylphenol 0. 64 2, 3, 5-Trichlorophenol 1.1
4-Chloro-2-methyiphenol 0.71 2, 3, 6-Trichlorophenol 0.83
4-Chloro-3-methylphenol 0.93 2, 4, 5-Trichlorophenol 1.3
1-Naphthol 1.7 2,4, 6-Trichlorophenol 0. 68
2-Naphthol 2.4 3, 4, 5-Trichlorophenol 0. 97
2-Nitrophenol 0.66 2, 3, 4, 5-Tetrachlorophenol 2.1
4-Nitrophenol ———= 2, 3, 4, 6-Tetrachlorophenol 1.7
2-Chlorophenol 0.90 2, 3,5, 6-Tetrachlorophenol 2.2
3-Chlorophenol 0.96 Pentachlorophenol 2.1
4-Chlorophenol 0.55

CV(%) were calculated from 10 continuous
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Fig. 2 VWorking curves for phenols
Table 6 Method detection limits (MD L, ug/kg-wet)®

Compound MDL Compound MDL

Phenol g°® 2, 4-Dichlorophenol 71

o-Cresol 57 2, b-Dichlorophenol 71

m-Cresol 71 2, 6-Dichlorophenol 81

2, 4-Dimethylphenol
2-Chloro-4-methylphenol
2-Chloro-5-methylphenol
4-Chloro-2-methylphenol
4-Chloro-3-methylphenol
1-Naphthol

2-Naphthol
2-Nitrophenol
2-Chlorophenol
3-Chlorophenol
4-Chlorophenol

2, 3-Dichlorophenol

70
71

S - I R R
-
I3

3, 4-Dichlorophenol

3, 5-Dichlorophenol

2, 3, 4-Trichlorophenol

2, 3, 5-Trichlorophenol

2, 3, 6-Trichlorophenol

2, 4, 5-Trichlorophenol

2, 4, 6-Trichlorophenol
3,4, 5-Trichlorophenol

2, 3, 4, 5-Tetrachlorophenol
2, 3, 4, 6-Tetrachlorophenol
2, 3, 5, 6-Tetrachlorophenol
Pentachlorophenol

DO DL LD OO0 OO
R
w

* MDLs were calculated using the results of fortified samples(0.1xg/30g -wet)
® MDL was calculated using the results of fortified samples(1 xg/30g -wet).
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Table 7 Concentrations of phenols in sediment samples (unit : xg/kgedry)
Sampling location
Compound Tone Yeir, Oyahana Bridge, Akigase Veir, Sasame Bridge, Iruma Bridge. Hachijo Bridge, Takumi Bridge,
Tone River Ara River Ara River Shingashi River Iruma River Naka Raver Ayase River
Feb 24, 1994 Feb 25, 1994 March 29, 1994 March 29, 1994 Feb 25. 1994 Feb 18, 1994 Feb 18, 1994

Phenol 160 19 11 150 15 28 10
o-Cresol 2.1 nd nd 510 nd nd 2.4
u-Cresol 2.7 nd 2.8 660 nd nd 2.7
p-Cresol 3900 14 93 7600 21 290 130
2, 4-Dimethylphenol 1.6 nd nd 2.4 nd nd nd
2-Nitrophenol nd nd nd nd nd nd nd
2-Chloro-4-methylphenol nd nd nd nd nd nd nd
2-Chloro-5-methylphenol nd nd ad nd nd nd nd
4-Chloro-2-methylphenol nd nd nd nd nd nd nd
4-Chloro-3-methylphenol nd nd nd nd nd nd nd
2-Chlorophenol 3.0 nd nd nd nd nd 8.8
3-Chlorophenol 3.0 nd nd nd nd nd 8.4
4-Chlorophenol nd nd nd 1.8 nd nd 31
2. 3-Dichlorophenol nd nd nd nd nd nd nd
2.4- +2,5-Dichlorophenol 1.3 nd 1.0 2.1 nd nd 6.1
2,6-Dichlorophenol nd nd nd nd nd nd nd
3. 4-Dichlorophenol nd nd nd nd nd nd 1.8
3.5-Dichlorophenol nd nd nd nd nd nd 8.4
2, 3. 4-Trichlorophenol nd nd nd nd nd nd nd
2. 3.5-Trichlorophenol nd nd nd nd nd nd nd
2.3, 6-Trichlorophenol nd nd nd nd nd ad nd
2.4, 5-Trichlorophenol nd nd nd nd nd nd 2.1
2.4, 6-Trichlorophenol 2.1 nd nd nd nd nd 1.2
3,4.5-Trachlorophenol nd nd nd nd nd nd nd
2.3.4.5-Tetrachlorophenol nd nd nd nd nd nd nd
2.3.4,6-Tetrachlorophenol nd nd nd nd nd nd nd
2.3.5,6-Tetrachlorophenol nd nd nd nd nd nd nd
Pentachlorophenol 1.9 nd nd L7 nd nd 10

nd = not detected (present at <MDL).
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