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Fig. 2 — Comparison of amount of *°N before and after SPAC
treatment (wood-1), White and gray bars indicate the
amount of **N before (liquid phase, as trichloramine) and
after (gas phase, as N; gas) the SPAC treatment,
respectively. Error bars indicate standard deviations of
three measurements.

reductively decomposed to nitrogen gas by activated carbon
treatment.

It is well known that activated carbon can reductively
decompese free chlorine to chloride ions (Giles and Danell,
1983; Snoeyink and Suidan, 1972; Suidan et al, 1977). Acti-
vated carbon has also been reported to reductively decompose
bromate (Bao et al., 1899; Siddiqui et al, 1996) and chlorite
(Conce and Voudrias, 1994, Voudrias et al, 1983). Snoeyink
and his research group (Bauer and Snoeyink, 1973; Snoeyink
and Suidan, 1975) have stated that dichloramine is reduced
to nitrogen gas by contact with activated carbon as follows:

2NHCl, + C* 4+ H,O0— N, + C*O + 4H* + 4Cl™ (4)

where C* and C*O represent a reductive functional group on
the surface of an activated carbon particle and a surface oxide
on the carbon surface, respectively. Likewise, we hypothe-
sized the following reaction for the reductive decomposition
of trichloramine to nitrogen gas:
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2NCl; + 3C* + 3H,0—N, + 3C*0 + 6H* + 6C1~ (5)

where C* and C*O have the same meaning as in Eq (4). Alter-
natively, trichloramine may be firstly reduced to dichloramine
(Eq. (8)), and then dichloramine is reductively decomposed to
nitrogen gas (Eq. {4)).

NCl; + C* + H,0—NHCl, + C*O + H* + ClI~ (6)

3.2 Effect of water temperature on trichloramine
removal

Fig. 3 shows the change in the trichloramine residual ratio
with time during contact with SPAC (wood-1). The trichlor-
amine concentration did not decrease with time in the control
experiments without PAC dosing (black diamonds), the
implication being that the float lid caused the vaporization of
trichloramine to be negligibly small in our experimental
setup. In contrast, the trichloramine residual ratio decreased
with time after the addition of SPAC and declined to approx-
imately 0.05 within 60 min at 20 °C (black circles in Fig. 3).
Snoeyink and his research group have reported that the time
required for sufficient removal of dichloramine by addition of
PAC with diameters of 149—177 um was 45 h (Bauer and
Snoevink, 1973; Snoeyink and Suidan, 1975). In contrast to
their results, the time required for trichloramine removal with
SPAC in the present study was quite short, most likely a
consequence of the increase of the surface area due to the
pulverization of commercially available PAC into very fine
particles.

When the water temperature decreased to 5 °C, the tri-
chloramine residual ratio increased to approximately 0.3 after
60 min of contact time (white circles in Fig. 3). When the water
temperature was decreased to 1 °C, the residual ratio was
increased even further (gray circles in Fig. 3). Trichloramine
removal with PAC was therefore suppressed at low water
temperatures.

One possible explanation for the increase in the trichlor-
amine residual ratio is the decrease of the intraparticle mass
transfer rate of trichloramine molecules with decreasing
water temperature. The pore diffusion coefficient of
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Fig. 3 — Trichloramine decay curves with SPAC (wood-1) at different temperatures. Gircles and continuous lines represent
observed and calculated values, respectively. The SPAC dose was 1 mg/L 1 °C, gray circles and dashed line; 5 °C, white
circles and dotted line; 20 °G, black circles and solid line; control at 20 °G, black diamonds. (a) Simulation 1: identical values
for the trichloramine decomposition rate constant (kyc;s) were used in fitting the calculated values to the observed values. (b)
Simulation 2: the kycjs values were determined separately for each temperature by least squares.
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trichloramine (D, with dimensions of cm?s) can be expressed
as a function of its diffusion coefficient in water as follows:

£
Dp =~-D 7
v =<0, | 9

where ¢ and x are the porosity and tortuosity (both dimen-
sionless) of the carbon, respectively, and D, is the diffusion
coefficient of trichloramine in water. Do can be determined
with the following equation (Hayduk and Laudie, 1974):

13.26 x 1075

Dp =
T1477/0.589
M Vg

)
where 7w is the viscosity of water (cp), and V' is the LeBas
molar volume of trichloramine (cm?mol). The pore diffusion
coefficient is therefore a function of the viscosity of water,
which depends on the temperature of the water. The pore
diffusion coefficient therefore depends on the water temper-
ature. The Dp values were calculated to be 1.18 x 1075,
7.37 x 1077, and 6.37 x 10~ cm?/s at temperatures of 20, 5, and
1°C. The fact that the Dp value decreased by about a factor of 2
when the water temperature decreased from 20 °C to 1 °C
could have an impact on the removal of trichloramine with
PAC.

To elucidate the effect of the pore diffusion coefficient on
trichloramine removal, simulations were conducted by using
the diffusion-reaction model (Egs. {1}--(3)). In the simulation,
the surface decomposition rate constant of trichloramine
(kncis), the unknown model parameter, was estimated by
determining the value that produced the best fit to the
experimental data. In the first simulation (Simulation 1), the
value of kyciz was assumed to be independent of water tem-
perature. As a result, the calculated trichloramine decay
curves were almost the same for the three different water
temperatures and did not provide a good description of the
experimental data (Fig. 3a). The model simulation clearly
showed that the differences in diffusive mass transfer rates
associated with the differences in water temperatures did not
contribute to the differences in trichloramine removal
Therefore, the rate of pore diffusion did not limit the rate of
trichloramine removal with SPAC.

Another possible temperature effect would be a
temperature-dependent change in the rate of reduction of
trichloramine. Chemical reactions are well known to be sen-
sitive to temperature. In the second simulation (Simulation 2),
the kncis values were determined separately by curve fitting at
each water temperature. The simulation successfully char-
acterized the observed trichloramine decay curves (Fig. 3b).
The kncs values that gave the best fits were 6.5 x 1075,
2.8 x 107°, and 2.3 x 107> cm/s at 20, 5, and 1 °C, respectively.
Hence the surface decomposition rate constant of trichlor-
amine decreased with a decrease in water temperature. The
increase of the trichloramine residual ratio with decreasing
water temperature was therefore attributable to the temper-
ature dependence of the rate constant for the reductive re-
action of trichloramine with PAC rather than to a temperature
dependence of the diffusive mass transfer rate. The temper-
ature dependence of a reaction rate constant is usually
expressed by the Arrhenius equation (Qiang et al., 2014; Song
el al., 2014; von Rohr et al,, 2014). The fact that the kycis values
determined in the present study at three different water

temperatures were well described by the equation (r* = 0.998)
(data not shown) supports the validity of our calculation.

Biological treatment, the conventional method for the
control of ammonium nitrogen, the major trichloramine pre-
cursor, is not expected to produce satisfactory results at low
temperatures unless the water is warmed to a temperature
better suited for microbiologically mediated nitrification. In
contrast, SPAC treatment was found to be only slightly less
effective in removing trichloramine at low water tempera-
tures. At low temperatures, SPAC treatment still resulted in
the decomposition of trichloramine. Accordingly, an increase
in the SPAC dose could result in adequate removal of tri-
chloramine even at low water temperatures. Modifying the
SPAC dose based on the water temperature would therefore be
very important for effective removal of trichloramine from
drinking water at treatment plants and might sometimes
require intervention by on-site engineers. However, SPAC
treatment is a method for removing trichloramine from
finished water that could be superior to traditional biological
treatment in terms of the countermeasures required at low
water temperatures.

Fig. 4 shows the changes in the residual ratio of free chlo-
rine with SPAC contact time. The free chlorine concentration
decreased slightly with time, in agreement with the results
reported in a previous paper (Snoeyink and Suidan, 1972).
However, the extent of decrease was quite small compared
with the decrease of trichloramine at any water temperature
tested. This result means that SPAC treatment could decom-
pose trichloramine selectively, even when trichloramine and
free chlorine are present simultaneously in the water. The fact
that the strong disinfection capability of residual free chlorine
could be retained even after effective removal of trichlor-
amine by SPAC treatment is of great relevance to the treat-
ment process.

3.3.  Effects of carbon characteristics on trichloramine
removal

Trichloramine decomposition experiments were conducted
by using seven different SPACs at 20 °C, and the same meth-
odology used in Simulation 2 was carried out to analyze the
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Fig. 4 — Residual ratios of free chlorine as a function of time
at different water temperatures (wood-1). Gray, white, and
black circles indicate results at 1, 5 and 20 °C, respectively.
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experimental results and to obtain the surface decomposition
rate constants of trichloramine by the SPACs. Fig. 5 shows the
surface decomposition rate constants of trichloramine in the
presence of the SPACs that we tested. The surface decompo-
sition rate constants of trichloramine tended to be larger for
the wood-based SPACs than for the coconut-shell-based and
the coal-based SPACs. However, the surface decomposition
rate constants of the wood-1 and -4 SPACs were similar to the
rate constant of the coconut-1 SPAC. Thus, the differences in
surface decomposition rates were not simply explained by the
differences in the raw materials used to make the SPACs. To
explain the differences in the surface decomposition rates, the
physicochemical properties of the SPACs were analyzed and
then compared with the surface decomposition rate
constants.

Table 2 summarizes the correlation coefficients between
the trichloramine surface decomposition rate constants and
the characteristics of the carbon used to make the SPACs. A
weak positive correlation was observed between the surface
decomposition rate constant and the equivalent concentra-
tion of the basic functional groups (r* = 0.37), whereas a
‘moderate negative relationship was observed between the
rate constant and the equivalent concentration of the acidic
functional groups (r? = 0.46). Although the correlations were
not so strong, the fact that the positive correlation was
observed for the basic functional groups suggests that tri-
chloramine was likely decomposed with the basic functional
groups on the surface of the SPACs. Siddiqui et al. {1996) have
reported that bromated compounds are reductively decom-
posed with PAC, and that the removal of bromated com-
pounds is highly correlated with the number of basic
functional groups on the surface of a PAC, a result consistent
with our results for trichloramine. The surface properties of
activated carbon are influenced to a large extent by the foreign
elements fixed on the surface, which affect the behavior of the
carbon in practical applications (Boehm, 1994). The acidic
functional groups on activated carbons have been well char-
acterized. Representative examples include carbonylic, car-
boxylic, phenolic, hydroxylic, lactonic and, quinonic groups
(Boehm, 1994, 2002). In contrast, the basic functional groups
have not been well characterized, and their identity is still
being investigated. A pyrone-type structure has been
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Fig. 5 — Trichloramine decomposition rate constants for
the SPACs tested in this study.

Table 2 — Coefficients of determination between surface

decomposition rate constant of trichloramine and SPAC -
characteristics.

Carbon characteristics ~ Sign of r?
correlation
Functional group (neq/cm?) Basic + 0.37
Acidic - 0.46
Elemental composition (%) C - 0.00
N — 0.31
S - 0.13
¢] + 0.03
ZP (mV) - 0.15
IEP - 0.01
pHpzc + 0.56

ZP, zeta potential; IEP, isoelectric point; pHpzc, pH at point of zero
charge. .

proposed as one of the possible representatives of the basic
functional groups (Beehm, 2002). Sulfur is easily affixed to the
surface of carbon during manufacturing of activated carbons
(Donnet, 1968), and sulfhydryl groups (—SH) and disulfide
(—5—S-) groups have been reported to play a role in the
reduction of bromated compounds on the activated carbon
surface (Siddiqui et al.,, 1996). Trichloramine may be reduced
by the sulfhydryl group located on the surface of the activated
carbon particles, because the sulfhydryl group is known to act
as a soft base (Ho, 1975) as well as a reductant. The fact that
hypochlorous acid (Pereira et al,, 1973) and monochloramine
(Jacangelo et al., 1987) have been reported to easily react with
and to be oxidized by the sulfhydryl group in cysteine sup-
ports our hypothesis. To test the hypothesis, the sulfur con-
tent of the activated carbon was measured with an elemental
analyzer, but no correlation was observed between the sur-
face decomposition rate constant and the sulfur content
(r* = 0.13). Whereas the Boehm titration method employed for
the quantification of the number of functional groups in the
present study determined the concentration of functional
groups on the surface of the pore walls of the activated carbon,
elemental analysis using the elemental analyzer quantified
the total number of sulfur atoms, not only on the surface but
also within the interior of the activated carbon particles. The
fact that no relationship was observed between trichloramine
removal and sulfur content may be attributable to the differ-
ence between the concentration of functional groups on the
surface and within the interior of the activated carbon parti-
cles. Elemental analysis may not directly reflect the charac-
teristics of the surface of the pore walls, which must play an
important role in the reduction reaction mediated by the
activated carbon. Alternatively, the surface of the activated
carbon may also have sulfur-containing functional groups in
addition to the sulfhydryl group, but some of them may not
play a role in the reduction of chloramine. Further study is
needed of the sites of the reduction reaction on the carbon
surface. Additionally, there were of course a finite number of
reduction reaction sites on the carbon surface. The reduction
reaction sites may be exhausted when a large amount of tri-
chloramine and/or oxidizing agents is applied relative to the
carbon dose. In the future, the consumption of reduction re-
action sites on the carbon surface may therefore need to be
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taken into consideration in the diffusion-reaction model for
more accurate prediction of trichloramine removal with acti-
vated carbon. In other words, the first-order reaction kinetics
that were assumed as a first step in the present study may
need to be modified.

A moderate positive correlation was observed between the
surface decomposition rate constant and pHp, (r* = 0.56): the
higher the pHp,. of the activated carbon, the larger the surface
decomposition rate constant. The pH,,. value has been re-
ported to become smaller when the surface of the activated
carbon becomes oxidized (Faria et al., 2004; Noh and Schwarz,
1990). Accordingly, activated carbon particles whose surfaces
are less oxidized are likely to possess a greater ability to
remove trichloramine. This observation is consistent with our
finding that trichloramine was reductively decomposed to
nitrogen gas by contact with activated carbon particles.

4, Conclusions

1. Stoichiometric analysis with **N-labeled trichloramine
clearly revealed that trichloramine was reductively trans-
formed into nitrogen gas by contact with PAC.

2. The weak positive correlation observed between the sur-
face decomposition rate constant of trichloramine and the
concentration of basic functional groups suggested that
trichloramine was reduced by the sulfhydryl groups (—SH)
located on the surface of the activated carbon particles.

3. SPACs with a median diameter of =0.5 um quite effectively
decomposed trichloramine; approximately 300 pg-Cl,/L of
trichloramine was decomposed to a residual ratio of <0.05
within 60 min by addition of 1 mg/L of SPAC.

4. The residual ratio of trichloramine after SPAC dosing
increased at low water temperatures (1-5 °C), but the SPAC
still decomposed trichloramine at a rate that was practical
for water treatment. Theoretical analysis with the
diffusion-reaction model revealed that the increase in the
trichloramine residual ratio with decreasing water tem-
perature was attributable to the temperature dependency
of the reaction rate constant rather than to the tempera-
ture dependence of the rate of diffusive mass transfer.

5. SPAC could decompose trichloramine selectively, even
when trichloramine and free chlorine were present
simultaneously in the water. The fact that free chlorine
was still present, even after trichloramine was effectively
decomposed by the SPAC, indicated that the strong disin-
fection capability of free chlorine was retained even after
the SPAC treatment.
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Summary

Nearly 950 semi-volatile organic compounds (SVOCs) have been investigated in river water from the mouth of the
Yangtze River to assess their pollution status and to estimate the amount of chemicals discharged to the East China Sea.
The survey was carried out by a combination of screening analysis (GC-MS in Scan mode and an automated identification
and quantification system with a database) and targeted analysis (GC-MS in Selected Ion Monitoring mode and GC-MS/MS
in Selected Reaction Monitoring mode). The number of SVOCs detected was 143 out of 947 chemicals in the database; the
total concentrations of the chemicals detected ranged from 0.78-4.34 ug/L and 0.26-2.48 11ig/L in the rainy season and the
dry season, respectively. An estimated 3600-10000 tons of these chemicals are discharged to the East China Sea annually.
From pollution profiles obtained in this study, the main pollution sources are industrial activities and domestic activities.
Since ratios of the detected concentrations (PEC: Predicted environmental concentration) to their predicted no-effect con-
centrations (PNEC) of 6 compounds such as fenobucarb, 4-chloroaniline, and aniline were larger than one, indicating that
these chemicals may cause adverse effects on aquatic organisms living in the Yangtze River. The concentration of chemi-
cals at the point in the East China Sea that is the most affected by water from the Yangtze River is 1/11 of concentrations
in the river water. However, considering that the PEC/PNEC of some chemicals are over one and amounts discharged
from the river will likely increase with a rapid growth of Chinese economy, continuous surveying is needed to elucidate
the transboundary pollution of chemicals transported from China to Japan by ocean currents.

Key words: semi-volatile organic compounds, GC-MS, AIQS-DB, transboundary pollution
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WOESBREY 2, EELOREBATORITIIKOFR
RrEML, RV FE~OBEEBRE L1

2. EEBFE

2.1 HAEHEPERVCELTHS

RO ESINTAT S E L, T4 HPFE L /- AIQS-DB 1258
ENTWS MUTWE (Tablel) TH2W, F7-PAHs, AF0—)L
iH, PCBs, A#EZREHE (OCPs) & 120E% 5 —4 v b
WO RHEWEE LT, BRI AV EZS Y 7 (SIM) XIHBIRE
BEZF1) ¥ (SRM) THIE L,

FAETEKE G~10A) D20124€8 7 LBAE 11~4H)
® 20134 3 A D 21T o fxo BILIEM O T 2212400 LTHE
YFBICEVTYAY, HHOZRAEHRED 95 %% HH 59 =
Lo, EEAOWOZREN RIS E Lz, MO0 INER
15-20km & % 728, Sk Fig. 1 1ORTHA1-9, BRI E
IHEBEORE LIREBFITHOEETHA 1-10 BT, Kilip
HIEE0.5m RO 5m THAK L. ok ListiE ks, pH R
ERIREE % Table 2 127" T o

Table 1 Number of target compounds and detected compounds by chemical type

Compound Number Rainy season Dry season Compound DL,ng/L. Number Rainy season Dry season
Aliphatic compounds 4-10 31 17 7
. o Benzenes 0.03-10 14 1 1
Chemczha;‘;n:s“mg of 197 48 28 PAHs 0520 82 22 16
PCBs 0.04-0.08 59 8 4
Other 4-10 8 0 0
Ethers 4-10 11 1 1
Ketones 4-10 6 3 1
Chemicals consisiting of 154 28 17 Phenols 4-10 50 6 5
C,Hand O Phthalates 4~-10 11 4 4
Esters 2-6 34 3 0
Other 0.2-40 42 11 6
Aromatic amines 4-10 43 6 4
Quinolines 4-10 3 1 1
Chemicals containing N~ 113 11 10 Nitro compounds 4-10 42 4 5
Nitrosoamines 4 5 0 0
Other 4-10 20 0 0
Chemicals containing S 12 3 2 4-10 12 3 2
Chemicals containing P 8 3 3 Phosphoric esters 4-10 8 3 3
PPCPs 14 2 3 4 14 2 3
Insecticides 0.04-100 185 11 5
Pesticides 452 21 15 Herbicides 47200 118 3 3
Fungicides 4-400 116 5 4
Other 4-40 33 2 1
Total 947 116 78 Total 947 116 78
DL : detection limit
Table 2 Fundamental water parameters of samples
s lem ] 2 3 4 5 6 7 8 9 10
0.5m Sin 0.5m Sm 0.5m 5m 0.5m Sm 0.5m Sm 0.5m 5m 0.5m Sm 0.5m Sm 0.5m Sm 0.5m 5m
Temperatwe 287 285 2.7 82 218 80 290 0 1 91 232 290 2 293 89 8§ 283 289
Rainy  pH 6 16 10 8 1S9 1 1B A am o 83 19 76 16 189 17 745 768 1M
Conductivity 320 258 256 256 25 254 2%6 253 216 25 p17) 25 m 254 28 25 257 259 - -
Temperatwe 117 121 20 2 24 B0 @2 125 15 126 9 127 1B6 130 W5 134 143 Bl 13§ 127
Dy pH 795 7% 1% 1% 79 18 7% 801 83 7195 18 - %6 1% 76 1% 8 18 % 15 I
Conductiviy 1415 1313 WIS 41 93 12 97 970 310 308 0 318 337 W40 406 578 515 394 455




2. 2 HERU AIQS-DB OAIEFIE

AIQS-DB % Fl v /- {47 O PIEEHE ¥R 1, Restek L % [
W Fze HEERSTAT & SIM A R E IS DV Tid, AIQS-DB B 84k
B E A L7, SRM 3§45 H 0 # 1k BP-MS (Wellington
Laboratories £ #4), Pesticide-Mix1037 (Dr. Ehrenstorfer GmbH #t
) A, BEHIX0.1~100ng DR EPWHEELAFY VB
#E12 AIQS-DB PZH#E R (10 pg/mL ~ ¥4 V&) & MA VR
L7ze MFENHTE SIM S RPEDREE, SEREFTE GC-
MS QP2010 % F >, SRM il 5 |2 1% Thermo Scientific L # & GC-
MS/MS TSQ Quantum XLS % M L 7zo GC-MS K. UF GC-MS/MS
M 5E 4% Table 31I7R T

MRS L SIM IE R, KERERETFLEREDEOST
£ (EPA Method 625 L TWAFA 700 b 722V 7 #
A7 4> (DFTPP) D757 A Y b8y — %R T 5 HFETMS
FFa— ¥ Lo RICGC-MS DU RERFMIZHER Y % JI5E L T,
n- TV v DR LU GC-MS O EE TR L 72, k%
SIM/Scan I5E L 7zo 8D Cld AIQS-DB # fiWwCHE -F& L,
SIM W R ENIFER A A ¥ EHERR A 4 > DIREEL & RIFFRR] TR
EE, WEMEEICL Y ERE L. GC-MS/MS % 7z SRM #I%E

SI*
*

Fig. 1 Location of the 10 sampling sites in Yangtze River
Surface water (0.5 m in depth) and bottom water (5m in
depth) were collected at each sampling site
‘Water samples in Huangpu River estuary were collected only
in the dry season
Salinities of points ¥ and v are 30.93 %o and 33. 93 %, , re-
spectively'®

Table 3 GC-MS and GC-MS/MS measurement conditions

Instrument Shimadzu GC-MS QP2010, Thermo Scientific GC-MS/MS TSQ Quantum XLS
Column Agilent DB-5ms, 30 mx0.25 mm i.d.; film 0.25 pm

Temperature

Column 2 min at 40°C, 8°C/min to 310°C(4 min}

Injector 250°C

Transfer line 300°C

lon source 200°C

Injection method  splitless, | min for purge-off time

Carrier gas He
Tonization
method ET

Tuning method  “target uning for US EPA method 625
45-600 u/scan

Scan rate 0.3 s/scan

Scan range

Tuning method, scan range and scan rate are conditions of Shimadzu GC-MS QP2010.
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VPRI R TRE L CABEEERIZ I DER L

2. 3 M

SHEIEEER 125w, — AR ESEEE L T o 72 RiEL,
202 D AIQS-DB B#MWE * EFMbEW & LN ERT
50 ~ 118 % (F396 %) DENLENF LN T WD, H T A A
#% (GMF-150, Whatman # %), = AHF7 ™ 51 2 7 SDB-XD
RUPLLART ™M H—R 74 Ay (AC, SMAH) 2B LAE
HF 1422 %0.6LA> 7 (Iwaki #H8) 1SR L 72 3N F = —
AwZAR—VF BM#EHE) FiCEE, Yrooxyy, 7MY
AZ =& 10mL RUREEAK 0mL TavyF1raz vy L,

K (500mL) 2 1 mol/L KH,PO,-KOH #21F if ¥ (pH7.0)
Z1mL & 10ppm ¥4 — h 50ul 2L, EHT1 2212100
mL/min BLF Tk L7z @kE, 30051 %517 52 & CEM
TR L, L, AT AMIMES KL XD, AC A B4 12T 5 72,

G ABHEAIRE XD 2 ENLFTETIRXAT 7 VY RIVERBELRNS
THbr10ml, W TY 270025 y5mLzWwoL HLTHE
HL7ze kiZ, RBESEZAFY > 5mL TEE, XDEMISEL
THEHIIEDbE, ACIRTE > 10mL 2 BLCHE L7,
B & THe T, ERTMTH 1mL F THEPLPICEREL, ~NF
Y 5mL AMATAOROMEATEE T M) v o (R RIEKERA)
THRKLZ. BE ZFEMTImLUTE T##HEL, 10ppm @
PUZHE AR 100 uL % 7800 L, GC-MS, GC-MS/MS SIsEs#: & L 7=,

2. 4 REEE

AVFHFA4 Y do BBV O — NEULE (n=3) 13, 52.7
~ 110 % CEERY L RS OEENE LN, BIETI /26K
HEnzEE, AEHESICBEL8 T 7005 BERRAT
75 v 7 EORMEE T, KEHEEORKAMEL EOMRHIEHE
BNTERREBLE AL L, FOERLTS V7 OFHHEFELT
TRREREL Lz, BIE7S 0 o FHRIBWE L, RERTHIC
B LREBRRORBIABE L BIBERE L7 (Table 1) H3
DI ETHE L2 WE &, SRM, SIM, Scan DIETHERE IR L7,

3. BRRUEZR

31 AEMREOBRE

MR CEKPOREER (BRI ER) OBEYEORM
% Table 4 RUS5 IR Lo SBKEIIL22 ~ 6678 (EF1167E), 8
KEBIE 11 ~ 44 78 (FH 78 %8), &t 142 BoO(LEWEI RSNz,
BETS v o bERETHRE SN TV E 78 VEET A
FOVEBE R 7B R, Bk 0.78 ~ 4. 34 png/L (P 2.67
ng/L), BkKEB0.26 ~ 2. 48 ug/L (F351.03pg/L) TH o720 F
fo, MNOLBETECHRBWEOBREIIKEREZT 227,
Kadokami & 7% AIQS-DB # i\ CTf7 o 7 HALE 11 )| 0T
1, 0~ 819pg/L (o0& 3.1pg/L), 183 FED (LM E A
ShTwa?, RIOFEMTEIIMAE I (9.6 x 100 m?) 2 T
Y, PEEINAEREEIRBIZAREINTOBIZOHEHL LT
BHRE LA AOII & REOREL NV TH - 1,

3. 2 HKREHEORE
nTNAVETY VBRI AT VERCEEWEE, CHIERDY
BEREILEY, SEFRLEY, SWELEY, &) VLAY, BHES:
=y F Vs TES (PPCPs) RUBHED THEICHEL, TR
DREF 0L LIzERKMED LB L TBOFEHRBIEEF Fig. 2
IR L7z, RILOFEFEWEIIEBEEY, €2F e, &



Table 4 Details of detected chemicals in the rainy season

No. Name Detected Minimum Maxamum Average No. Name Detected Minimum Maximum Average

3 frequency% _concentration. y/l.__concentration, p@/L__concentration, p/L*** ) frequency% concentration, pofl.  concentration, concentration, i
1 n-Cl16H34 6 0 0.039 tr(0.002) 2 Methyl octanoate 6 0 0.038 tr{0.002}
2 n-CI8H38 39 0 0.062 0.013 kil Methy! palmitate 2 0 0177 0.019
3 n-C19H40 39 4 0.041 0.010 74 Stearic acid methyl ester 39 0 0.131 0.019

4 n-C20H42 2 o 0.028 0.005 75 Benzyl akohol 2 0 0.578 0.069

5 n-C2IH44 28 0 0.022 0.004 6 Ethanol, 2-phenoxy- 0 0 o 0

6 n-C22H46 4 0 0.025 0.005 ” Dibenzofuran 3 0 0.018 1(0.002)
7 n-C23H48 94 0 0.387 0.042 78 3.5-di-tert-Butyk-4-hydroxybenzaklehyde 2 0 0.047 0.007

8 n-C24HZ0 n 0 0.017 0.008 79 D¥(2-cthylhexyladipate 0 0 0 0

9 n-C25H32 % 0 0.033 0.010 80 Cholestane* 6 0 0.003 1r{0.0002)
10 n-C26Hz4 28 0 0.036 0.007 81 Coprostanol* 67 0 0.488 0.107
11 0-C27HS6 3 0 0.105 0023 82 Cholesterol* 78 0 0.765 0.276
12 n-C28H38 0 0 0 0 83 Chokstanal* 4 0 0.108 0.055
13 n-C29HEO 67 0 0.148 0.040 84 Stigmasterol 83 0 0379 0.192
4 n-C30HG2 28 0 0.016 r(0.004) 85 beta-Sitosterol* 89 0 0.494 0,166
15 n-C3IHG4 61 0 0133 0.026 86 Ergosterol* 89 0 0.151 0.067
16 n-CRHG6 6 0 0.023 1r(0.001) 87 Campesteral* 8 0 0.101 0.045
17 n-C33HES i 0 0.029 (0.002) 88 Aniline 100 0.091 0.250 0.165
18 Squahre 22 0 0.027 1r(0.004) 89 NN-Dimethyhniline 0 0 0 0

19 14-Dichlerobenzene 4 0 0 0 2 2-Chloroaniline. 89 0 0.020 0.007
20 12-Dichdorobenzene 2 [ 0.035 0.006 9 2-Anisidine 2 o 0.022 r(0.004)
21 Biphenyl 6 0 0.086 1£(0.005) 92 4-Chloroaniline [ 0 0.065 1+(0.004)
22 26-Dimethyhaphthakne 6 0 0.059 tr(0.003) 93 24-Dichkroaniline 6 0 0.018 14(0.001)
23 1.3-Dimethylaphthakene 6 [ 0.074 tr(0.004) o4 24,6-Trichloroaniline 1 o 0.012 (0.001)
24 14-&23-Dimethyhaphthalenc* 6 o 0.03t r(0.002) 95 34-Dichloroaniline 0 0 0 0

25 Accraphthykne* It 0 0.011 0.001 96 Quinoline ” 0 0.022 (0.003)
26 Accnaphthene” 17 0 0.038 0.004 97 Nitrobenzene 100 0.146 0.260 0215
27 Phenanthrene* 4 0 0 0 98 4-Chloronitrobenzene 2 0 0.069 0.011
28 Anthracenc* 6 0 0.002 r(0.0001) 9 2.3-Dichloronitrobenzene 0 0 0 0

29 2-Methylphenanthrenc® 28 o 0.002 0.0004 100 2-Nitroaniline 100 0.100 0.229 0.163
30 Fluoranthene* n 0 0.016 0.005 1wl 2-Amino-6-nitrotoluene o 0 0 0

31 Pyrene* 9 o 0.012 0.005 102 4-Nitroaniline 0 0 0 0

32 Benzo(a janthracene® 83 o 0.008 0,003 103 2,6-Dichioro-4-nitroaniline n 0 0.030 1r(0.003)
33 Chrysene & Triphenykenc* 8 0 0.007 0.002 104 Benzothiazoke: 17 o 0.164 0.019
34 Benzo(jé& b)fkwranthene* 100 0.0005 0.010 0.004 105 2-(Mcthylthio)-benzothiazol ki3 o 0.033 0.015
35 Benzo{k)fluoranthene* 61 o 0.003 0.001 106 2(3H)-Benrothiazolone 100 0.158 1.3%4 0.604
36 Benzo(e jpyrenc 56 o 0.034 0.010 107 Tributyl phosphate 17 0 0.034 0.005
37 Benzo(a)pyrenc* 89 0 0.007 0.003 108 Tris{2-chloroethyl) phosphate 50 [4 0.126 0.038
38 Perykene 100 0.013 0.183 0.100 109 Tris(2-cthylexy) phosphate " [ 0.011 1(0.001)
39 Indeno{1,2,3-cd)pyrenc™ 89 0 0.007 0.002 116 L-Menthol n [ 0.066 0.006
40 Dibenzo{a h)anthracene® 39 0 0.001 (0.0003) i1 Dicthylohamide 0 [ 0 o

41 Benza{ ghi)perylenc* 89 0 0.007 0.002 12 Caffeine 28 4 0.036 0.006
42 3-Methylphenanihrenc® 28 0 0.001 1r(0.0003) 113 Isoprocarb 17 0 0.007 (0.001)
43 9-Methylphenanthrene® 17 0 0.001 tr(0.0001) 14 Fenobucarb 22 0 0.013 1r(0.002)
44 PCB#I*~ 2 0 0.0003 £r(0.00003) 15 b-HCH** 50 0 0.0003 0.0001
45 PCB 4k 10% 39 0 0.001 0.0001 116 gHCH** 44 0 0.0002 11(0.00003)
46 PCB#28** 6 0 0.00004 1r(0.000002) N7 op-DDE** 22 0 0.0002 1r(0.00003)
47 PCB#52** 1 0 0.0001 tr(0.00001) 118 pp-DDE** 100 0.0001 0,001 0.0004
48 PCB#77** 0 0 0 0 119 op-DDD** k3 0 0.0002 0.0001
49 PCB#95** 6 a 0.00005 tr(0.000003) 120 op-DDT&pp-DDD** 100 0.0001 0.0003 0.0002
50  PCB#155* 6 0 0.00005 (r(0.000003) 121 pp'-DDT** 2 0 0.002 0.0002
51 PCB #156** 1 0 0.0001 1r(0.00001) 122 Chlorpyrifos 0 0 0 0

52 PCB#201** 0 0 o 0 123 Chlorfenapyr 6 0 0.030 (0.002)
53 PCB#205%* 17 0 0.0002 1r(0.00002) 124 Triazophos 44 0 0.061 0.015
54 PCB#209%+ 0 0 0 0 125 Simazine (CAT) 0 0 0 0

55 Bis(2-chicraisopropylcther 9 0 0.034 0.019 126 Atrazme n 0 0.017 1{0.002)
56 lsophoronc 22 0 0.039 1(0.007) 127 Oxabetrini 6 0 0.055 #(0.003)
57 26-Ditert-butykd-benzoquinone: it} 0 0122 0.011 128 Metrbuzin 0 o 0 0

58 Anthraquinonc i 0 0016 1¢(0.002) 129 Prometryn 0 0 0 0

59 Phenol 6 0 0.738 0.041 130 Ethofumesate 0 0 [ 0

60 25-Dichlerophencl 72 0 0.025 0.012 131 Metolachior 6 0 0.005 {0.0003)
61 2,6-Dichicrophenol 78 0 0.032 0.016 132 Biphenyl 11 0 0.015 w(0.001)
62 245-Trichkrophenol 6 0 0.005 1r(0.0003) 133 Hexachlorobenzene*” 0 0 0 0

63 4-Methyh2.6-dit-butylphenol 0 0 0 0 134 Ethoxyquin 33 0 .01 w(0.002)
64 d-tert-Octylphenol 6 a 0.608 1r{0.0004) 135 Fhuriafol 0 0 ¢ 0

65  Nonylphenol 67 0 0.038 0.017 136 Isoprothiolane 100 0.014 0.059 0.032
66 Bisphenol A 0 0 o 0 137 Tricychzoke 0 0 [ 0

67 Dimethyl phthalate o 0 0 0 138 Propiconazok 1 i 0 0.037 0.004
68 Dicthyl phthalate 17 0 0.047 0.006 139 Propionazoke 2 17 [ 0.023 1r{0.003)
69 Diisobutyl phthahte 9% 0 0.934 0.363 140 Paclobutrazol 83 0 0.033 0014
70 Din-butyl phthalte 33 0 0,238 0.037 141 Fenamiphos 0 0 o 0
71___Bis(2-cthylhexylphthalate 50 0 8.273 1334 42 Sgiodiébfcn i Q 0.016 w(0.001}

*Using SIM results. ** Using SRM results.

*** Averages are calculated by treating not detected is zero.

WAL Th D Z RSN, SBELAYOATF T —VE
i, A EHEkROILATFO— L EHEYEEO L S P AT T —
VALY ERETHRIE SN TV S, ABROEMEIZL HREHER
WELTV 254, 3708/ =V /aVATa— V5 0.5 %
BALEDHEND LB, RPIRTHITOAT )=V /TVA
T O - VEE OFETEKIAD 0.3, BAIEITORS S — AR
Ml (<0.53ng/L) THY, AHEROHEEWIZ L 2ERELS W
T ENbhA o, EEZEILAWIIOVTIE, Ty v boRy
Yo lgent, AReR FHROoPHGE LTER S 2HED
BSHEH & #1720 2013 B4 Wu 512 & o TERILA D OILEES DK E
KFTH B RILHHO SVOCs25 FENAES N, 7=y r&=to
NYEUATENENRQ.006 ~ 0.081 pg/L (F#H0.028yug/L) KU
0.004 ~ 0. 048 png/L (F50.021pg/L) OHEE THEB ENTWw
%0, KEFRIZBWCEKAOEHLMO (Fig. 1, #sm10) *k
7Yy, 2OV EYO2EOFEEE =236) 1% %

NEN0.27ug/L, 0.11pg/L Thotz, RILTHBMICIHT AT
B o 0PENFREINL, EELAWTIE, 2008 FEIfTo 7
FHAETRERETH o722 GH)- Uy VYF7 0y, #Hil
Tx k< 18 AB O FIGEE CERKIICFH 0.60 png/L. AL IC
FI50.06 pg/L T E N7z, ZOWEIEY 1Y HE0BEHPe, B
BHOAT7x2F vy POBMETHL I EFMLN TV 5D,

3. 3 BREBURHRSEDHE

FEIZZOBRZ AOMERICOLERER LRI 2D, BEE
TEBAHIEZERBIE (OCPs) #RKEBIWEKE - FHLTELY,
Bao 5 DI L 5 & 1950 ~ 1983 £ FEEHTONFH s 0O
vryoAFty (HCH) ¢vysnuyyz=pbysoory v
(DDT) DERAEEENEFNA0FtRTOFtTHY), HROME
BEND3B%E20%EEHEDTVR, HEDDDTIR<T ) TEILE
PR URERFER E LTES T, BETETDDTH
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Table 5 Details of detected chemicals in the dry season

; ) Detected Miimum Maxinom Averge RamyDry o+ N Detected Mimom Mavimm Averags Rany D0+
o Name frequeneyti Wl conceniaton gl concenitonj 17"t (hacim) Nem: frequney®s  conerraton pgl,_conceniaton,wel. __cocentnon, 10t (Mavmam)
1 wCIeH34 0 0 0 - 72 Meiyl ectanoate: 0 0 0 0 -
2 nCISH3S 0 0 0 0 - B Methyl pabmitate 0 0 1] [ -
3 nCIgH40 ] 0 0,005 (0 0003) - T Stearc ackd methyd ester 0 0 0 0 -
4 nC20H 0 0 0 0 - 75 Benzylakohol 0 [ 0 0 -
5 nCAH$ i ] 0.007 10 001) - 7 Ethanol 2pbenoxy- 6 0 w0.002) 0.0001) B
6 o246 0 0 0 0 - T Dibenzofuran 0 0 0 0 -
7 nCUH4E £ 0 D0I8 0008 - 78 35-diten-Buryhd-hydroxybenmidshyds o Q 0 0 .
8 nC24H50 0 0 0 0 - 79 Di2<thyhexyhadpate & L 0125 007 .
9 25152 i 0 0013 w0.001) - 80 Cholestane® o 0 0 0 -
10 a-C6H3 0 0 0 0 - 81 Coprostanol® [ 0 0 0 .
I nC2THS 0 0 L] 0 . 82 Choksterol* H 0 0357 0031 21
12 nC281H58 17 0 L180 0080 - 33 Cholestanal® ¢ [ 0 [] .
13 +C2IHO 0 0 ] 0 - M Stgmsierol 5 ] 0057 10003 81
4 C0HE2 2 0 008 w0 001) - 35 bew-Stosterol 100 0020 0121 0084 41
15 wC3IHS [ 0 ¢ a - 8 Ergosicrol* n 0 0.063 00i6 4
16 wC32HS6 5 0 o0l w0 001} . 87 Campesterol 0 0 [ [ -
17 nCI3HES 0 0 0 0 - B8 Aninc 100 032 0645 037 04
18 Squbine 0 0 9 0 . 89 NN-Dmethyhnine n o 0010 {0001} -
19 14-Dichorobenzene. k2 0 0013 (0 003} - 9% 2-Chixoankne 0 0 0 o -
20 1.2-Dicklorobenzene 0 0 0 0 - 91 2-Annie 0 0 Q 0 -
21 Bylenyl Q 0 L) 0 - 92 4-Chkeoanine 0 0 0 0 -
2 26-Dinethykaphthakne 0 0 o 0 - 93 24-Dichkcoanifne 0 0 0 0 .
23 13-Dimathykaphihakne 0 0 o 0 . % 246 Trchbcoanine 6 0 oo 1+{0.001) 10
24 | &23-Dimcthykaphihakne® 0 0 0 0 . 95 34-Dichixounin " 0 0034 0007 .
35 Acenaphihykne i 0 0003 w(0.0003) 38 % Quiolnc 8 0 046 0 005) 14
26 Acemaphthene® Hi 0 0.00%6 000t 6.1 97 Nitrobenzene 0 0 0 0 .
27 Phenanthrenct 6 0 00M {0.00G2) - 98 4Chloronirobenzene 100 0025 0.091 0056 08
3 Anthracenc® 6 0 0.00f {00001y 18 9 23-Dichloronxrobenzens % 0 0027 0010 -
29 2-Methylpbenantirenc® 3 0 0.0 (0.0002) b5 100 2Niroanine 100 0017 0066 0.036 33
30 Fhoranthere® n 0 0.008 0002 20 101 2-Amino-G-nitrotokicne 1 0 0046 0.005 -
31 Pyrenc* 17 0 0.005 (0.0005) 23 102 4-Nxroanine 39 0 0.067 0016 -
32 Benzofalanthracene® 1 0 004 (0 0003) 19 103 2.6-Dichioro4-ngroantine 0 0 0 0 -
33 Chrysene & Trphenykne® 6 0 003 (0 6002) 26 104 Benzothizzok: 4 0 0049 0012 34
34 Benzo(j&:b)fuoranthenc® n 0 0.005 00! 19 105 2-(Melhykhio}-benpothnzol o 0 0 o -
35 Benzohifluorsnthene® 6 0 a0 (00001} 24 106 2(3i1)-Benzothixzobine H 0 0.i59 0.069 28
36 Bereoic)pyrons 0 0 0 ) N 107 Trbutyl phosphate n 0 o013 0007 26
37 Bomstalpyrenc® 1 0 0,004 ol 16 108 Trisg2-chiorochy) piospliatc & 0 0013 0007 93
38 Peryhne n 0 003 W0.00) 51 109 Trist2-cthyhexyl) phosphate n 0 0013 0.001) 09
39 Indenol1 2 3-cdipyrene® 1 0 0002 H0.002) 29 10 L-Menhol % 0 0006 w(0.001) 120
40 Dibenzo(aianthracens® 0 o 0 0 - 11 Diethykokanide 3 0 o0z (0003} -
41 Benzo{ghijperykens® 3 o 0002 1n(0.0003) 27 N2 Caffens H 0 0.035 0009} 1.0
42 3Methybhenanthrene® 17 [ 0001 w0 0001) 16 113 Isoprocarh 0 o 0 0 -
43 9-Mehylphenanthrens® 0 [ 0 0 - 114 Fencbucarb 0 o 0 0
H PCBHI* o [ 0 0 - s bHCHe" o 0 ] 0
45 PCB#4&10** ¢ 0 0 ¢ - 16 gHCH™ 0 [ 0 @ -
46 PCB 23 o 0 [ o - 17 op-DDE** 23 o 0.0001 (0.00003) L5
47 PpCB 52 o 0 @ ] - 118 pp-DDE** 100 0.000 0.001 0000 10
48 PCB#77** 6 0 10(0 00002} (0 000001) - 119 op-DDD** 9 0 0.0001 (0.06002) 18
49 PCB39s** 0 0 [ 0 - 120 op-DDT&py-DDD** n -0 00000 00001 12
D PCBHISS [} 0 o 0 - 121 pp-DDT* 0 0 [} 0 R
51 PCB#156%* 6 0 0.000¢ (0 60001) 12 122 Chlommynifos 67 0 0.008 0.004 -
52 PCB#201** 6 0 00001 1r{0.000004) - 123 Chiorfenapyr 0 0 0 L] -
53 PCB#205"* 0 0 0 0 - 4 T 0 0 0 0 -
M PCBRA9T 6 0 0.0002 wl0 00001) - 125 Siouzne (CAT) o 0 001y oon -
55 Bis(2-chioroisopropyliiter M e 0.053 00629 s 126 Atame 100 o013 0037 404 a5
36 Isophorone 0 0 0 0 . 127 Oxabewrind 0 o 0 0 -
57 26-Detent-butyH-benanunon: 0 ] [ 0 . 128 Merrbum 2 0 aoio 10 002) -
58  Antheaquinons 3 0 0014 (0.001) 12 129 Prometyn & 0 0004 10,0002} .
59 Phenol 0 0 0 0 - 130 Ethofumesate 44 0 0017 0064 -
&0 25-Dichiorophenol o 1] 0 0 - 131 Metokachlor 0 0 0 ] -
61 26-Dichlorophenol 2 0 0.009 u{0.002) 34 132 Biphenyl 0 o 0 0 .
6 245 Trichkorophenol B 0 0009 w0.002) 06 133 Hexachlorobenzen 2 0 1{0.00003) 1006001 -
63 +Methyh2 6-dit-butylpheral u 0 1347 0.100 - 134 Ethoryqun o o 0 0 .
64 4r-Ocybhenol [ 0 0 0 - 15 Flafol 2 0 0018 {0 003} .
65 Noaylphenol 1 ¢ aon 1060t} 52 136 Isopeothiotine 28 1 G068 {0 002) 79
66 Bisphenat A n 0 0.003 1:(0.00t) - 137 Trcychzok 17 0 003 1r{0.008) -
67 Dimathyl phehabate = 0 00k 1(0.002) 138 Propiconazok: | 0 0 0 0
68 Diethyl phihabie 0 0 ] 0 139 Propkonazok: 2 0 0 0 0
69 Disobuny phihakte 3 0 022 0.036 140 Packbutrazol 0 0 0 o
70 Dia-busyl phitkatue n [] 0067 0007 141 Femamiphos. M 0 00l6 1r(0.09)
71 Bu2-cthyhexyliphihaliic [ 0 523 034 142 Sprodukifen [ 0 0 (]
*Using SIM results. ** Using SRM results.
#*% Averages are calculated by treating not detected is zero.
****Ratio of maximum concentrations of the rainy season to the dry season.
e o . s » ek = - s - . -
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XN TW5S, 201049 BiZid, Tang I & > TRILTHEOHE
W SO0 KESE RO OCPs FRAE S 7, HCHs & U' DDTs @
WEIZFNFNO0.71 ~ 4.54ng/L (h9:{E 2 52ng/L), 0.28 ~
4.85ng/L (F9efE 1. 17 ng/L) LMESN TV B, KEFFETIZT
WEB 20D OCPs #HEL 7275, FEWHRHE SN0 Tang &
DAL LF L HCHs RO DDTs Tho/za LA L, EHEILOFS
PRV 18 HE 0 F 1 E I &k EA A HCHs 0. 13ng/L, DDTs
0.85 ng/L B 'igk#iid HCHs A%, DDTs 0.43ng/L TH b,
Tang & O E HANTES, WHOBICET 2 F TCHARShz e
# 2 5N 5, HCH & technical 7L — FOHCHs &) ¥ 7 U i F
T %o Technical 7L — FIZ4fEOREETHR S, FOHK
& a-HCH : 60 ~70%, FHCH:5~12%, y-HCH : 10 ~15 % X
USHCH: 6~ 10%Th 58, —F, V7O, »HCH
BS99 % xR HY, FHCH ZEUEEOF TROLILETHY, a R
UF »HCH 13855 € SHCH W LT 2 T RESEA B ST BY,

35 HCH £k, FHCH PMEMLIZ 2B 2 ENEZ 65, K
WHFETid SHCH (ke © #5k38 0. 10 ng/L, 187 AiiH)
Pl BFEVEATHRHE SN, VYT rHCH (CFEBBIBE @ &k
#10.03ng/L. BAE THH) Thol. O LITRITMKT,
technical 7’ L — FOHCH &) ' FroOMADERBH o722 L %
RLTwWah,

—7, BEOHEREN L% v DDTs OMBIEEA HCHs L b
EhofzZlhs, DDTWHHETYL VsV RURESFRE &
LT8GE - ARV TV B TTREMS S 272, RITIE, L&,
T - RVLAKES, FIRL7Z & HCHs % DDTs 258 12 A E
SN2 RN 5 RS T 59, 1978 FOUCERK
DIRE, PENIEEIZEREL, TOMBIEKR BHIHEILL, &
HIZFRS L C\a7z OCPs 2%, HHURIE (LR ST Tl 4 1CHR &
NTWbEEZLND,

1965 ~ 1974 £ ORI FE CHEA SN PCBs i1 5t £ Ebi,
EBEHFRPI VT Y=L CIEH ST E AP, 2009 412 Zhang
LI X o TRILTIMOAR™ (I, FNEUREE) OmRmik
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Fig.2 Concentrations and compositions of compounds by chemical type in the rainy and the dry season

Concentration was an average of concentrations of the surface (0. 5 m in depth) and the bottom water (5 m in depth)
n-Alkanes and phthalates were excluded because these compounds were frequently detected in procedure blanks at high concentrations

O PCBs S, HBIEEIL1.23~16.6ng/LTHBE L
PHE SN TVE2, R TITEKE0- 3 (BF8%E), BA#
0-2% (Bt4#), 2EDEET 11 fED PCBs »" it & /- (Table
4 KU5) e BHEITOFEEZIR 18 HBOBEILEKI0~0.63
ng/L ((F350.16ng/L), &7HA 0~ 0.21 ng/L (E#0.02ng/L)
THh, HWANL D SBEFRCZ L, L, RINHEALFRS
FADARSE S B 5F (W AN

HARTIZ POPs OBRBEFRRAR R KHRLILERT L0, £
ELAXVTOE=S ) Y TRENTHONL TS, 010 FERETO
HCHs, DDTs KU PCBs OF3 i & i, 0.32ng/L, 0.04ng/
LEU0.12ng/LTH o 7220 KIFETH LA/ KILO HCHs &
PCBs i 1d, HADOFHMBBE LY RS DD, DDTs X
BAOFIGRBEE L ) b®d o220 THIIRET S RILHHT
DDT 753 HHINTWAZ LO® 2R L TWADND LIL
2\,

3. 4 KRHEVEOEMED
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6.9 x 10" m®, BAKH 2.7 X 104 m®) P, 2ZC, MEWHEOER
BREOEHLERD . (Table 6)s FOKE, HEN %ZEBEL
THB SN IS WESR, 10WEITEKREY /BRI, 0.4~2.2
ERERZFPRD LN LA oA, ST ERE / BAKEA RS
35~9.3 LEABIIEBETHY, BGHIEED BN ER
ETHhorz, Fic, VYEENIA @-2uooxFN) &2 (3H)
= NRYVF T GBI S BRI SENEN 9.3 R U888 %
RLI-Z &EHs, FHRECELILAIFTHEHIEZONSL, T,
OCPs J UF PCBs b Skl o g B ANE K & i LT 2.3
ERU S BB Do 72o 2012 412 Zgheib 12 & o THRIC & B
BTN HATAA N — AT 4 — 7 —iBFEFFEINTVREY,
RRETHERINERKBOERER, BRI )BBIIEELT
W5 OCPs At L7z E A bND, FOMDBEIIOWTIE, B

)
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i (PEC:Predicted Environmental Concentration) % ki (PEC/
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MIEIZOWTPNEC #1856 Z & ATT & 7253, Table 6127 % VEE
IATVEE RV, WERKESII 5T PEC/PNEC L & Ao
FIOWEERL:. BRBOT7 /) THNT, 4-2 00T
v, BREBOT =) v £ 6 MEORKIEE % A\ 7z PEC/PNEC
A1 2B, BEAOIEYHORE X771 ¥4
1/3") 12 &, PEC/PNEC A8 1 Ll LA, [FMLFEMme
THBEMEELONE WHHESINDF72, ZN6 DD 4RI,
PEC/PNEC A0 1B ETESHEH] L DAhsL, [HRINEICE
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TTHT AN OHRD REFEEHTF a v AOREY LY, &R
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Fig.4 Pollution profile

Pollution profile is a graph composed from 25 groups
summed up by concentrations of compounds categorized
by usage or type. Figure above a column is concentration
(ug/L). Figures on the horizontal axis show groups of
categorized by usage or type as follows: 1, insecticides; 2,
herbicides; 3, fungicides; 4, other pesticides; 5, sterols; 6,
antioxidants; 7, fragrances and cosmetics; 8, disinfectants
and insecticidal fumigants; 9, fatty acid methyl esters; 10, fire
retardants; 11, plasticizers; 12, metabolites of detergents; 13,
PPCPs; 14, compounds leached from tires; 15, petroleum;
16, other substances of domestic origin; 17, intermediates
in organic synthesis; 18, intermediates for dye synthesis; 19,
intermediates for pesticides; 20, intermediates for resins; 21,
solvents; 22, PAHs; 23, PCBs and PCNs; 24 explosives; 25,
other substances of industrial origin



EAE 33 93%Y, BEXkHlOERGERE (FH264 mS/cm) 5
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X ®
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Table 6 Ten compounds having the highest PEC/PNEC values

Average Maximum Ratio of average  Ratio of maximum
No. Compound detected detected PNEC* pg/L  concentration concentration
concentration,ug/L. concentration, pg/L to PNEC to PNEC
1 Fenobucarb (Rainy) 0.002 0.013 0.003 0.74 4.46
2 4-Chloroaniline (Rainy) 0.004 0.065 0.032 0.11 2.04
3 Aniline (Dry) ) 0.371 0.645 0.4 0.93 1.61
4 Benzo(a)pyrene (Rainy) 0.003 0.007 0.005 0.51 1.37
5 Biphenyl (Rainy) 0.005 0.086 0.072 0.07 1.20
6 pp-DDT (Rainy) 0.0002 0.002 0.002 0.08 1.15
7 4-Methyl-2,6-di-t-butylphenol (Dry) 0.100 1.347 1.4 0.07 0.96
8 Phenol (Rainy) 0.041 0.738 0.8 0.05 0.92
9 Benzo(a)pyrene (Dry) v 0.001 0.004 0.005 0.10 0.85
10 Chlorpyrifos (Dry) 0.004 0.008 0.012 0.34 0.70

*PNEC : Predicted no observed effect concentration

Table 7 PEC/PNEC values in seawater at the point in the East China Sea most affected by water from the Yangtze River

Average concentration

Predicted concentration in the

No. Compound in the Yan;the River, East China Sea, pg/L (PEC®) PNEC**, ng/LL PEC/PNEC
i
1 Fenobucarb (Rainy) 0.002 0.0002 0.003 0.066
2 4-Chloroaniline (Rainy) 0.004 0.0003 0.032 0.010
3 Aniline (Dry) 0.371 0.0332 0.4 0.083
4 Benzo(a)pyrene (Rainy) 0.003 0.0002 0.005 0.046
5 Biphenyl (Rainy) 0.005 0.0004 0.072 0.006
6  pp-DDT (Rainy) 0.0002 0.00001 0.002 0.007
7  4-Methyl-2 6-di-t-butylphenol (Dry) 0.100 0.0089 1.4 0.006
8  Phenol (Rainy) 0.041 0.0037 0.8 0.005
9  Benzo(a)pyrene (Dry) 0.001 0.00004 0.005 0.009
10 Chlorpyrifos (Dry) 0.004 0.0004 0.012 0.030

* PEC: Predicted environmental concentration in seawater at the point in the East

“China Sea most affected by water from the Yangtze River

** PNEC : Predicted no observed effect concentration
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GC-MS conditions

: GC-Quadrupole MS (Shimadzu QP-2010 Plus, Agilent 5975C MSD, Thermo Scientific TSQ Quantum GC)

44 BUNSEKI
Table 1
GC-MS
[GC]
Column : J&W DB-5 MS (30 m X 0.25 mm i.d, 0.25 pm film)

Column oven temp.
Injection temp. 1250 C
Injection mode : Splitless, 1 min for purge-off time
Injection volume :1uL
Carrier gas : He
Carrier gas flow rate
TSQ Quantum GC)
[MS]
Interface temp. :300C
Ion source temp. : Recommended temp of each GC-MS
Ionization method  : EI
Tuning method

Mass range 2 m/z 45 to 600

:40C (2 min) -8 C min™"-310 T (5 min)

: 40 cm 57", constant linear velocity mode (QP-2010 Plus); 1.2 mL min~!, constant flow mode (5975C MSD and

: Target tunihg for US EPA method 625 (QP-2010 Plus and 5975C MSD), Auto tuning (TSQ Quantum GC)

(TICC) %MBHWEETH Y, Fa A 2— b THLAZ
RAANYT M VEBOTEHREERE R T A AR P VRE
BTELIPHABEZE LTS, T AREHEE
(PTRI) $ 57— _R—Z{LTELIEEFL TNV,
AWFFETIE, AIQS-DB THRA L 7-REFRE FFE &
B 3 5 AMDIS & 2 flAEHE T, KEDOTIR GC-MS
TF — & X— ABFEWEORFEH 2B FUL, <X
AR PVEETEEREZHWS I & & (HEICESY
BR2RIETEANEI— Y VA2 Y—= Vv T ATF L%
e A

2 K &

2.1 B E

GC-MS % B M AEEFAEME . (CS)™ I3 MIE T34 & i
AL, Z0E2EHEEEE, FOLHE TS, Dr.Ehrenstorfer
POMEALL. Tho @BRERESITAANTY VIHER
L, lug mL ™ IZEELL A

2-2 B EAERM

GC-MS i B R B O GC-MS QP2010 Plus, 7V 1
YIFr)uY—8o5975C MSD, RUW—EH 4 T
F 47 4 v 7O TSQ Quantum GC Z A L7z, fRFFH
MR~ XAANRY MV, GCHIZSEBRPMS Fa—=r
ko TEHTLA0, WESEMEE Table 11286 — L,
F— 5 R ABFER BB E LT 72

2:3 REVIIITENRTA—4—
AMETHWAETAZANYZ PVREY 7 MY 2T,
NIST ® 7Y —% = 7 AMDIS ver. 2.71 'V C#% 5. AMDIS i&
HEIRDOKED GC-MS PR T — & 2N T 2NEEEE L
Twa., 72, TICC LTHEWEO Y — 7 BEL 723
AThH, HADTAARY MIZHHT ATV R 2—
Va UHREREDL, SMENIAART MVERWT

T H N ZREET

—##12, AMDIS TOTAANY M VRERIZIE, NIST <
AARARY PNVF—FR—ZARFEHTHH, NIST 7F— %
R—=Z I RFRESER S TR Wiz, HELZRE
By RN ESLETH L. L L, AMDIS Tid1—
W AMEMERE L2 AARS PVEPTRID T 5 A N—
FSA4 TS - EHTHIEANTESL., FITABET
i, AIQSDB @ GC/MS & THE LT AANRT T vk
PIRI % 754 R—=1+I4 75 —ZEHLT, BHEIZH
bOTEREMERHEEICRETE BhHE Lk

GC D PTRIIE, 754 (EIOHEM), BREGRT Sy
VY — A AORKEEI L VBT B0, FRE TR
2R AIQS-DB f#3EH; & A — D 4fF (Table 1) ZHA L
7o LaL, ¥¥YY—FAORMEIZA—H—ICL DR
BBz, A=A =Tk Table 1R LAEBICRREL
2. T, RAARZMNVIMSDF 2 —= VS TRRA
72%, AIQS-DB BERICRA L7 7au by 7= )b
7+ A7 4 (DFIPP) ¥ —% v bFa—z V7 %R
722 L, ¥—Fy b Fa—S VI RTERVEE TR,
A=A =R B 2 — =V TER AT

AMDIS DfFHF 735 A — & — &, BB (false nega-
tive) ZET &L, P CRME (false positive) DFEZ
FARICHZ 522 BRICHE Lz, REWLNT A—
% —% Table 2 \Z7RF

2:4 F—AN—ADIEE

AMDIS D754 X—+F4 75—, B, THEN
BRUCERS - =V F s 7HE (PPCPs), RUTHARR
TAY I OBHBEREEI GMBFIOH 5K 1000 WHE
DIAARZ YV (=7 v I 475 —), PTRI
(PTRI 54 751 —) RUOHEEHR WEEZRTrIINVT
TANT 7V EFLRY) 2BHLL.



A am 3L

W#E, ME : GC/MSINVTILES =¥y A2 ) —=

YTV AT ADORE

Table 2 Optimal parameters of AMDIS

Group Item Setting

Minimum match factor 40
Only reverse search ON

Identif. Type of analysis Use RI Calibr. Data + Internal Std
RI window ™ “5”+%0” X 0.01 RI
Level Infinite
Maximum penalty 100
Component width 7
Adjacent peak subtraction Two

Deconv. . .
Resolution High
Sensitivity High
Shape requirements Low

a) Tolerance of retention index (RI).
1000), RI window is 70.

2:5 F—EN—-ZOYBEERRCERYEOBEEFIE

2:5'1 FRPEOT — 4 ~N—EHF

(1) GC-MS % Table 1 DHIEEMICEE Lk, KEDR
EIRAF AR LT WA DFTPP DTS A Y by —
%R 577 (US EPA Method 625') TMS % F 2 —
ST A R-Y

(2) CS #IsEL, n-7 N ¥ OEFREI & GC-MS D%
BEERTER L%, FHSEDEEZAETS. HlEvA AN
7 MDA, NIST 2 ETHRORAANRS VG ALT 5 —
B ENTWATAARY NVER—TH A & R HER
5. B, AMDIS TTICC 7 — % X EHHO L W&,
TICC 7— ¥ % RE 5 L¥#% (The Analytical Instrument
Association) PED A MSHEBETFT—F 7+ —<7 v I (cdf
77 AN) CEHRT 5. _

(8) AMDISTCS D n-7IvH v (CO~C33) Z#EEL,
PTRI 5 4 75 ) — ORFEREH 2 BH T 5.

(4) FIHBEMEOTICC R F I v R 2— ME, B
B E T AANRY PV ETF— IR EFT 5.

2:5:2 F—AN—2BRYWEDEEFIE

(1) GC-MS % Table 1 ORESMITEE L, Bl & Rk
WKCMS & Fa—=V085h =5y bFa—o V7T
ERVWEHETIE, A—-h—DERT A HETMS 2 F 2 —
ZVTTh.

(2) CS ZEL, n-T I h v OIRIFRE & EBIHED
PHREEMR L CWB I 2 MR L8, HEREELH
E3 5. $72, AMDIS TTICC ¥— ¥ 2 HERD L WiEE
13, TICCF—% % cdf 7 7 4 WICEHRT 2.

(3) AMDISTCS D n-7VH ¥ (CO~C33) ZFZEL,
PTRI 54 77 ") —DRFHHZEHT 3.

(4) RHTHEREAEO TICC 27 VARY a— ME, #REF
BHAEHLAPTRITGA T~y b4 7T
Y=k HWTEFRYEERET 5.

If RI is 1000 and set “20” + (“5” X 0.01 X

Table 3 Differences between predicted and actual
PTRI

Differences Ratio of compounds, %

between predicted

QP2010  5975C TSQ
and actual PTRI Plus MSD Quantum GG
0-1.0 68.4 50 74.1

1.1-2.0 20 28.4 12.1
2.1-3.0 8.3 18.3 5.2
3.1-4.0 3.3 3.3 8.6

4.0- 0 0 0

PTRIL: programmed temperature retention index.

3 MRLEE

3.1 RIFFEOFARE

FEERIE, GCTHHEEAET 2O OLABHRTDH
BAS, AT ARE—TVIREL EOWNELENTERICE
T 5. —7, Van HFEFE L2 PTRIIE, i8R @4k
ANORIEEARFERE I LR TIEF IS W b n
Tw3'™, Bicchi 51, GC 44 PTRI 125 % 5 B+ R
R, HFGLA—H—, WM, AT OREBLEME, HT A
WE (hFa~y FE, PHREE) PA—%20E, F—
BB A PTRI OFHMIE =3 unit LT EHE L Tw
B F7, EESHFIS L2 AIQSDB Tk, HEDME
ZMTHELTE SN PTRI 2 7 — & X— 2L L TR
FEZ2FHLTY275 F—HETOERRIGHE L FIE
LOERBE3SUTTHEY. AFETIR, BED GCEH
FRELTA—T—2R%25 350 GC-MS & AvTEE
BHETRBEZRE L. ZORE% Table 3 IKRT 75,
F ¥ )Y —F RAOHREBMEEAR L D EROBEE iz
BETH, F— I R—AFHHPTRIfE L EJ PTRIEDZ X
4 unit LY (BRI E LT 8 s BIA) LB WTFRIMREE
Rl BB, PILES, ARPERE, RU¥x) Y-
HAOWBEZERIZMAZ LZELL, ZROBEET
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Fig. 1  Effects of a tuning method on mass spectrum of decafluorotriphenylphosphine (DFTPP)
(A) Mass spectrum measured with a QP-2010 Plus; (B) Mass spectrum measured with a 5975C MSD; (C) Mass

spectrum measured with a TSQ Quantum GGC; (D) Mass spectrum registered in NIST database.

Because TSQ

Quantum GC cannot tune it according to US EPA Method 625, mass spectrum of DFTPP obtained quite differs from

that of the NIST database.
are relatively close to that of the NIST database.

F—F X=X EEWOPIRIEDEFTKEWFAEE, B
#6) 12 - T CS WEF N5 perylene-d;, © PRTI 4 5 5l
HHhT LAy FEEZRDZZET, BiER PTRIOFHN
T&5.

32 MSFa—ZTDEIEADE

AR DL I CCHELLEEHR—THI LT, Briik
ETHIRERHzBRICTHT A5 TES. L L,
KA D MS DF 2 — = ¥ FHF— F X — 2 BRI &
BpoTwIE, WEDOTAANRY bV Bzolzbot
%0, EARBPRET AWEEMELSD S, KV 27 A TR,

Other two instruments can tune according to US EPA Method 625, their mass spectra

F—D<AANRY bVaBLRD, MSOF2—= ¥ 7k

& LT US EPA Method 625 ' %5#85E3 5 DFTPP ¥ — ¥ v
P Fa—oV 7B RHELTWAS. 4 H 7 Shimadzu
QP-2010 Plus % U Agilent 5975C MSD T Z D F 2 — =
TR HwAZ LA T E B D, Thermo Scientific TSQ
Quantum GC TR I D F 2 —= Y ¥ HFTEFF — |
Fa—=rrERA LD, BO5N72 DFTPP DT A A
N7 PVENISTOZNERR Tz (Fig. 1). £ 0
B, Fo I R—ZABHFAARY bV & TSQ Quantum
GC THIE L7z AANRY b VITE WA U CHEUE K
TL, BRICHBRMEI4E L2 —7F, QP-2010 Plus &
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Table 4 Comparison of identification performance between AIQS-DB and the developed target screening system (DS)

Detected number

Number of false negative =~ Number of false positive

Sample Instrument -
AIQS-DB DS AIQS-DB DS AIQS-DB DS
QP-2010 Plus 60 60 0 0 25 20
GC-MS system Performance 5975C MSD 60 60 0 0 15
check standard ¥
TSQ Quantum 58 59 2 1 25
QP-2010 Plus 56 58 — 3 20 30
Sediment A _
5975C MSD — 51 — 5 —_ 14
QP-2010 Plus 60 59 —_ 1 20 18
Sediment B Y
5975C MSD — 54 — 6 — 4

AIQS-DB: automated identification and quantification system with a database.

a) One nanogram each of 60 compounds was

injected. b) After extracting 10 g of a sample with acetone, an extract was added to water and extracted with CHyCl,, and then
was separated into three fractions by silica-gel column chromatography; the first fraction (low polar substances) was measured.
Sediment A and B were collected from a pond in a natural park and a mouth of Dokai Bay in Kitakyushu City, respectively.

5795C MSD Tk, HET LA CSICHEEFN B 60 WA T
TEWHEUETHEICRESNL. UErs, -4y b
Fa—Z VTR TELRVWEEBTIE, AMDISDYAANRY
FPVEDEOREEA KL TI2LENH B LRSS
7=,

33 AMDIS /X5 XA — Z—DEEANDE
RYATHBWT, FEEIEZMLET 521, AMDIS
DIRNT /S5 A — 5 —ORBEABETH S, €T,
MoEWREE LTS ) -y E—2F R, ZoMbiE
1 mL IS EIRRAFIEE (A V% ARESER 41—
NA= 1R, ElAaA FRi & 50 BIE) & ZBERER
lpgmL ' W22 &ML, BMPELRLIZHET
&% AMDIS /85 XA — & —RiEE L7z, ®DBVWIHER (B
THHAME {, B OSEIFTA) H315 5 /- AMDIS
N5 X —F —% Table 2 [T, HEUE %2R T mini-
R OFELEZ R/NRICHZ S
TERERLT 407 CRELLY. REERIIREE R
FUTELRD, REVFYYarf4rFy s AHMA%E
5" IZFRFE L7z, component width I1d “7” &AL L, CS
D n-T NV FIRIRIIC & o THEIEZ R L7z, adjacent
peak subtraction 3R ENDHEA/N S V7280, “two” 12
BEL'Y. sensitivity ® “high” & “very high” ORIE
DRI E 0o 7275, shape requirement % resolution &
F%, 3 LEFRYLoBEICT 2 EAEEIRI TS 2
L PR S Tz,

wio, BERAEIER B VR, BBIERR -
NA—=bPFR, ELROA FREERE) 24D~}
Yy 7 Z%&Et sMOWEMBE (1 mL) 1C&RITREH
1pg mL™HC% 2 XML T, Shimadzu QP-2010 Plus T
HEL, BBl AMDIS /89 A — ¥ — T L7z, %
DOFER, WML 9T WEDRB~9TWEEFETE

mum match factor I,

%, captafol 7z & 383 2 W H CHUE KT R BBl
PRERR SN, TSP ORI DOHEEZIT T 5
ZEREBOBENERTHL LEZ DN ¥ —UiRE
PRSI ERHEL - PHEETIHER YL, TAAR
ZIMNF = R=ABFENT WD L & [HEIR % ]
TAANRYZ PVHELNROEEE, TRTOWE R
TERWIBEEND 5.

3-4 JAMOWHESS

MHBEOWE I, BEREIBERNEA -V —0RL
H3BETHEL, RAEVATFTLAOME/RE TR
AIQSDB ORI ERHRE LK L2, EO#FEE Table 4 IR
I RMMEE TR 60 WHORBEEERZHE LoH
Fid, MS F 2 —= U HE% % TSQ Quantum GC 2B\
T, F—N—ZRBERARY MV EWET A ANRY PR
$7p 572728, trans-nonachlor ¥ pentachlorophenol D4
BPEPMKL 2, RIBTEEdo72. —%, DFTPP D% —
Fo b NFa—sYIHETEL 2BERTSTOMEEE
HUECTHECRETE .

REDORHMY & & T RERE O REKRIE, AMDIS T
B -7 BEO/NS WHEIT ESEMEAMET L, AIQSDB
BV TRENIZFAE SN WEO—EPAHL & % 518
HZERLZLDOD, AIQSDR L ABREOREHENELN
7o B, FEEMZE T false negative ¥E b HiH
SNDZEPHEFFTE DA, —J5 T false positive P3N
A EilhY, HHFEOHFIC X AHERIEEIEMT 5.
SEERA LARESETIE, false positive W EHD 7 — ¥
N2 B4k 1000 WED 05~3 % THY (Table 4), FH
ZOBRBEHFYRE RV, T, RBOMEEPNEE
BIZL Y, false positive DFUTETE L > TWwiz, EiE
DIFHTTIL, false positive DBUIF EWE VST T 5 F T
B 5%\, Table 2 D E Gt & AU BB O HEY



