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Abstract

Ixtraction of l-nitronaphthalene from coarse tea leaves ( bancha, in

Japanese ) and of 3-nitrostyrene from roasted coffee beans ( coffee ) and
characteries of these purified compounds were described.

Commercially obtained bancha and coffee were pulverized and cxtracled
with chloroform. methanol (1:1, v.”v). The two extracls were fractionated by
silicic acid column chromatography using [irst, cyclohexane henzene (1:1, v
#v) and next, chloroform as elution solvents. Fach fraction was purified by
thin layer chromatography developing with cyclohexane, chloroform (1:1, v~
v). The purified eluate was analyzed by colour reaction, high pressure liquid
chromutlography and gas chromatography-mass spectrometry. The content of
I-nitronaphthalene in the bancha and 3-nitrostyrene in the coffec was 32.0ppb
und 2.0ppb, respectively. However, because the latter compound has a low
melting point (= 57C), il is likely that a significant quantity of the compound
was lost during purification steps. The toxicities of these materials were not
tested in the paper.
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Introduction

Many nitrated polycyelic  aromatic
hydrocarbons (nitro-PAIT) are distributed in
the environment, e. g. extract ol diesel
engine emission, cigarelle smoke condensale,
wood burning smoke, roasted foods ete. The
nitrogen atom of nitro-PAH originates [rom

the atmosphoric nitrogen producing NOx

during fuel combustion. Of these nitro-PAH,
a considerable number have direct muta-
genicity and carcinogenicity for animals'’,
In spite of numerous studies, low
molecular weight nitrated aromatic hydro-
carbons, such as nitronaphthalenes and
nitrostyrenes cxcepl F-nitrostyrene reported

2]

already®’ have not been described in foods

up to the present.
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One of the nitronaphthalenes, l-nitro-
naphthalene (1 NNJ) has mutagenicity
toward Salmonella typhimurium TA 100 and
98" | although, the toxicity and distribution
(3—NS) have not been

environment. In  this

of 3-nitrostyrenc

reported in  the
connection, the authors observed the above
two compounds in coarse lea leaves (bancha,
in Japanese) and roasted coffee beans (coffee).

The results are presenled in this paper.
Materials and Methods

All organie solvenls were used after

distillation. Sodium horohydride was
obtained from MERCK; 9 nitroanthracene, |
NN, 3-—NS§S,

and 2-nitrofluorene from Aldrich Chem. Co.;

A nitrostyrene, l-nitrostyrene

from Sigma
Chem. Co.; silicic acid (100mesh, AR) [rom
Mallincrodt Co. Bancha (heated at 98°C for |
hr) and coffee (roasted al 170—200°C for 17

min )  were

pentacyanoammine ferroate

obtained from commercial
sources.

Each sample (200 g ) was pulverized and
extracted separalely with chloroform
methanol (2:1, v.”v, 600m/) three times in a
sonicator (45K, for 10 min ). The extracts
were combined and evaporated to dryness
under reduced pressure. The residue was
suspended in cyclohexane ~benzene (1 :1,
v /v ) amnd applied to silicic acid column
chromatography (50 times ol the residue
used). Elution solvents were first, cyclohexane
“henzene ( 1:1, v./v, 10 times of silicic acid
volume) to oblain nonpolar lipid and PAH
fraction, and next, chloroform (10 times) for
mononitro-PAH  fraction. Each eluate was
purified by thin layer chromatography (TLC)
using silica gel plate (MERCK, precoated
silica gel 60). The developing solvent sysiem
was cyclohexane.”chloroform (1:1, v./v).

Nitro PAH on the plate were detected
qualitatively by spraying [irst with reducing

iiﬁ,

reagent (0.3 g of sodium borohydride
dissolved in 181/ of 83% methanol containing
0.5mg of copper (11} chloride) and then with
1 % pentacyanoammine ferroate. The spots
which corresponded to | —NN and.“or 3 NS
standards were scrapped off [rom the plates,
eluated with chlorolorm.  methanol (2 :1, v
#v) using a sonicator and treated again with
the sume TLC to obtain purified compounds
(PE—1 for bancha, PE 2 lor coffee).

High pressure liquid chromatography
(HPLC) was carried out by Ilitachi Model
638 equipped with ERC —0DS — 1171 column
(6.0 <200mm ). The elution system was aceto
nitrile < water (7 :3, v./v ] withoul solvent
programming. The wavelenght monitored
was 204 nm.

(Gas chromatopgraphy mass spectromelry
(GC -MS ) was performed by Shimadzu
Model Q1> 1000 using capillary silica column
(0.33mm *25m ) coaled with CBP —1. Operating
conditions were as follows; column lempera-
ture for 1 NN, 180 —270°C at 4°C ~'min, and
for 3—N§, 120 €

programming. lon source and molecular

without temperature
separator temperature was 250°C. Flow rate
of carrier gas was 1.5kg “cf. All measure-
ments were operated at 70 eV.

Recovery tests of added 1 NN (15.8,
23.7 and #1.64 100 g ) to bancha and 3 —NS
(1004 7100 g ) to coffee (each case was three
rung) were done, the former by GC—MS and
the latter by HPLC.

Results and Discussion

The average recoveries of added varying
quantities of 1 NN lo bancha are shown in
Table 1. Quite sufficient values were obtained
(102 —108 %, average 105.9 % ), however the
values were more than 100% in all case. In
the case of 3 —NS to coffee, on Lhe other
hand, scattering and low recovery values of
3 —-NS were detected (69.8, 66.5 and 46.1 %,
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Table 1. Recoveries of added 1—Nitro-
naphthalene to Coarse Tea Leaves.
Added Average recovery
I-nitronaphthalene (three runs)
15.8 . 100g tea 109.5 %
23.7 107.0
31.6 102.3

Methods and conditions: see text.
Recoveries of added 3-nitrostyrene to coffee:

s¢e texl.

average 60.9% ).

The CM (2:1, v./v) extracts [rom
bancha and colfee yielded 6.6 % and 10.9%,
respectively. The cyclohexane benzene (1:1,
v.”¥) eluates by silicic acid column chromato-
of the 11.1 %

from the former and 48.5% from the latter

graphy C M extracts were

sample, while [ollowing the chloroform
eluales, recovered reduced values than of the
above results, 4.1% and 2.3% of the C M
extracts.
With qualitative colour reaction on the

Table 2. R+ Values and Colours of Thin-
layer Chromatography of
PE—1, PE 2, Nitrostyrenes

and Some Nitro-PAH.

No Compound Rr value Colour
1 PE-1" 0.51 Violet
2 PE-2* 0.53  Violet
3 9 Nitroanthracene 0.54 (ireen
13— Nitrostyrene 0.52 Violet
5 | Nitronaphthalene 0.51  Light green
6 1 Nitrostyrene 0.44 Violet
7 2 Nitrofluorcne 0.43 Violet
8 B~ Nitrostryrene 0.43 Purple

Conditions: developing solvent,cyclohexane
Aehloroform (1:1, v. v ). coloured
reagent, sec text: also spots were detected
with 1odione vapour: *, purified extract
[rom coarse tea leaves; * % purified
extract from roasted collee beans.
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) i ) &
references | — NN from bancha and the other

plate, 2 spols, one corresponding to
3—NS from coffee, were detected.
PEs

and related standard materials are shown in

The Ri values and colour of the

Table 2. The characteristics (retention times
of HPLC absorption wave-
length) of PE—1 and PE 2 were almost the
same as references 1 —NN and 3 —-NS (Table
35

and maximum

Table 3. Retention Times on HPLC and
Maximum Absorption
Wavelength of PII 1, PE—2,

Nitrostyrenes and Seme

Nitro  PAH.

Retenion Maximum

) . absorption

M Compound tlme. wasaléneth
(min) (nm)
1 PE-1" 4.9 2.6
2 PE-2** AT 242.6
3 9—Nitroanthracene 6.1 252.4
4 3—Nitrostyrene 4.7 242.6
5 1 - Nitronaphthalene 1.8 342.2
6 1 Nitrostyrene 7.2 290.0
7 2—Nitrofluorene 6.1 334.4
8 JB—Nilrostyrene a.1 315.2

Condilions: see text: * and **, see Table2.
fragments identical  with
those of | NN for PE—1 and 3 NS for PE—
2,1 e 173 (M7), 143 (M NO), 127 (M—NOQ.)
of 1I-NN and 149 (M), 103 (M NO,), 91 (M-
NO CO)and 77 (CsHe 1) of 3—NS (Table 4).

The concentration of 1—-NN the
bancha 32.0ppb, 3—NS the
colfee was about 2.0ppb. The latter value,
be

possible that since 3—NS has a low melting

Mass were

in

was while in

however may incorrect, bhecause il is

point { ~ 57°C), then considerable amounts of
this malerial might be lost during extraction,
purilication the

and particularly during

evaporation process.
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Table 4. Mass Spectra of PE 1, PE—-2
and Reference Compounds
Retention times Mass fragment
Compound of ion monitor M
{min) (Y% of base peak)
nq [ - g f 3
— i 173 ( 7L7), 153 ( 19.0)
127 (100.0), 115 € 52.7)
. 178.C 57.5), 153 { 11.9)
1 Nitronaphthale 1.2 ' o
SRR ne 127 (100.0), 115 { 85.6)
49 1200 3 ( 67
PE-_ 2 L9 149 ( 62.0), 103 \ 67.0)
91 ( 23.0), 77 (100.0)
¢ 149 ( 62.0), 103 ( 79.0)
3—Nitrostyrene L. '
Sk gra . a1 ¢ 26.0), 77 (100.0)
Condisions: sce text and abbreviation, see Table 2.
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toxicity is shown (LCe 316mg./mouse), so an
increase of toxicities to animals by nitralion
be Roasted
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of slyrene may probable.
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always contain PAH*' . In relation to this,
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