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Abstract: Sediment samples were collected from south branch of
Yangtze River estuary in May and October 2008, and their heavy
metal concentrations were analyzed in order lo study the distribution
characteristic and ecological risk of heavy metals. The median con-
centration value of copper, zinc, lead, cadmium and mercury was
31.85 mg - kg™', 71.23 mg - kg™', 13.35 mg - kg™!, 0.36
mg-kg™', 0.073 mg- kg™ ' respectively. The contamination factor
(CL) of each element was calculated and the score of each site were
used for MDS analysis. Results showed that copper has the highest C*
score among Lhe five elements, due to its larger median value if com-
pared to the highest background value of Pre-industrial age (30
mg-kg™'). The sites with higher C’ score were those near to Zuyuan
waters, one of the >_:C} sewage discharge outlet of shanghai city.
We have also compared the score of south branch with Hangzhou
Bay, out of the estuarine mouth and the Nature Reserve of Juvenile
Chinese Sturgeon ( Acipenser sinensis) . South branch scored highest
among four zones. In addition, the median value of copper, zinc and
lead at south branch sites were significantly higher than the sites of
other three zones. The ecological risks were assessed as well with
Hakanson petential ecological hazard and mean effects range median
quotient (mERMq) method respectively. Hakanson method with RI
grading value can be used to delect the integrated risk. The RI medi-
an value of Hakanson was 58.56 with the range of 16.15 - 93.27 in-
dicating that the integrated risk in south branch sediments was very
low. The latter method with ERL and ERM grading value can be used
to identily the element which is loxic to aquatic organisms. The mean
effects range median quotient value of zinc, lead, cadmium and mer-
cury were all smaller than ERL value except copper. However, the
probability of copper to become hazardous for aquatic organisms was
very low because the highest probability recorded was only 0.34.
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1.1 XB5EH

HPHL T Al AR R U 8% (ECD) 1) Aglient 7890 % AR 45 3% (%
(EERERFHENE ) HP - 5 A4 (30.0 m x 320 pm x
0.25 pm, 3 & % 588 B} £ 24 A ) ; Heidolph LABOROTA 4000 %!
HERE 28 R A (R /R R A 1)) ; ZHWY - 2102C 8§ 3 £ H
WHB(PELEE IR HEARAE);T - 25 basic
ULTRA - TURRAX 7 i 4 2 4 48 B BL (B8 = IKA A7) ; MIL-
LI - Q i i 7Kk 4% (25 [§ Millipore 2 71 ) s H2050R — 1 2.0 AL (1L
B0 HLOUE A BRA /1) 5SL - 302 K (b REFKS S B 2
XA E B ) s SHZ - DO A6 35 7K X B2 3 (I LT T 44U
MERAA) .

A Mk (B8 A5 60 ~ 90 °C) (PN I L K B R A A B BR 2 K
SrRTEl Ky K HEMEERMER M XBENT A FSAaR
AT PR AL R
1.2 HEREET

DABR BT B0 40% B £ R - T SURG 528 0] R v R0 4
R HIARZG, LAPG AR RS . BRSE XA AL T 1 2
B W H AL A M, AR XE 3 30 m® R,
o 3t e PR L SR B R e B PR IR B S HE R Z T AR AT
J ATt 24 1) A% b 1 O o R

IWARE T P& B R IRW KR SRR, F
ETHROWN EFERAEH , ERHTHELETETHR, T
FM, 4EH BRI Y 2 491 ~ 2 737 h, 4R H K & 600 ~
700 mm, FBKEHK 13 ~ 14 C,EHTCFEN 190 ~ 218 d, #7
AU TR WA KA, W0 EARE LR
FA AT, FHERE N 1762 h, B KRN 1139
mm, B EN 17.5 C, FHHIBER 69.6% .

1.2.1 AAMERBRISRAE

MR RR 1.24 /8, FETH R A K B BN 172 B g
M1 K. BIZEMZ 1 ho1 d.3d.7d.14d.21 d.30 d JEAK
FEHLBEHLREE 3 ~ 5 NFEIN, B AN 174, BURSM 2K, %
B RE 200 g, TEARIR (- 20 C) TAAAE, 75 1,

1.2.2 AEAMEXBELREAE

FERBGAR 0.83 g/ BRI 1S EEME 1.24 /8RS HiZS
1~2 K, PIKFEZ ARG 7 do ZESB 2 IREZN 7 d 14 d 121 d
B, NS REHBEYL R E 3~ S MK 2 kg HAEKE (0~
15 em), BAJRE 1/8( 8 #5 MBI AR B2 ), 55 B 1 40 )R B, H
MR - 20 CHIKE TR RRESF, HFIl. ARE
247 1R B b SR B G A A vt B,

1.3 A E
1.3.1 FEa$RE

DR,

30 g PO AR fH A 250 mL BEAR R, A 100 mL £
Bt - W (LN 1DIRABRBRE. £ REDHS K
HL L # (2 ~ 3 min) J5 SR A 2 B 40 min. fHIE, A 10 mL
I RO AR R o U B BE AR P 3T M 50 mL 7 B -
PIER (ARBUEG R 10 1) S BB, B A5 S 15 mine $H13E, F 10 mL
FEE A 2 IR MR HE . A IR IRMIIETE A 500 mL 43 ¥ 3 3H
B M S0 mL FRE BN 4% WELBRGIE W, 2 2 ~ 3 min,
BERMBERENMBKBE, frfik.
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H 30 g HHERESL A 250 mL FEHR A, JITA S mlL A8 AliK
100 mL A Bk NE (UL ' DIRGE B, f£HE
LI LR 4 h (90 v/min) , 4 E 20 h, Fhuk, 37 A 10
mL A MBS 4 WP . BT IR AR A A 500 mL 7
Bk eb A SO mL R B0k 4% MBRBRNE I, BB 2~ 3
min, ¥ EEEF ENEBKER, Figi.

1.3.2 HEqdik

13,1 AR B N 6 mL ¥k BLER (F1 ik 5 B
BRI 10: 1) , B R RIZUESR | min, &, 5L
BB )E . AL 1~ 3 WIS MA 50 mL B 8 7500 4% 55T B 4N
B RERGEEBERE, B EA Gk TR R
PR R VR, MR RN LR E1~2
mL, BEASR )5 A MBS AT 10 mL, /0,

1.3.3 itk

PERET 280 °C, M2 290 C,4EE 70 C. M 1 min /7
PL 25 C/min B FHR B 2GR A S E 220 C, £ 15 min,
BR(ASOWH 2 ml/L, ZEHFEEN 2.0 L RHET,RH
SAH G AT PR A L P AW, BAMGTHER
PR R AE R PE R b (9 4R B BRI 28 7.599 min,

1.3.4 ¥R

DK,

5 R B e T L R A TR A T A R L
A, T 250 mL = AR T RIMA 20 g B M0N0 =
BT IA 0.2 mg/L.2 mg/L # 10 mg/L i 1 mL T & HH 3
FRHER B (B AR S TR AR MEFE 0.01 mg/kg,
0.1 mg/kg 1 0.5 mg/kg MR M AE), BE 30 min J5 &
1.3. 1M 132 BT, BOFRRHIER S AT

2)H .

m# T 250 mL = fAHE0E & IA 20 g A 0 i TR B
AR, AR =AM P A 0.2 mg/L.2 mg/L Al
10 mg/L B9 1 mL G0 220 47 HE 5 W CED 3 SR S 3 1 4
AAMEAE 0.01 mg/kg.0.1 mg/kg 1 0.5 mg/kg B9 45 7K
)L, CE 30 min SFHEHE 1.3.1 A 1.3.2 Wb B AT b B,

AL S D PITRE

1.3.5 FLRUAHBR R B R R T3
_05, Y,
- SQW

R R BRI AR R R E KR, mg/kg: Q AT
SR AT MR R TR RV I, me/Ls S A R W BE S M
WA T L5 S, o T 0 5 26 e R 00 T L5, o 7 0
VWGBS AR, mLs WO REIRE B R g

2 £R5iHg

2.1 EEMEFNEFENHE

AR AR S A A L S0 mL A REE
2, B 100 mg/L MARMERE G . GBS SR HE B A T
o B R R B ¥k B 4> 3129 0.05 mg/L.0.1 mg/L.0.2 mg/L.0.5
mg/L A1 1.0 mg/L ) RIVBRHEIS W, ¥5 1.3.3 W &M 47 <M
FIEAR I (B 1), AR HE 0 1 R 5 AE N R B 4 bR o i
(P 2), 0] WAE 0.05~ 1.0 mg/L 5 BB A, T Gl 6 2 R B ok
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EERLR AT RO R AR B ZR e 7,600
2.2 HEREFWEAZHEKE FSEEMRERIRE 1.0x10°
1 0.01 mg/kg.0.1 mg/kg A1 0.5 me/kg B MK FETF, 9.0x10°
S92 1 TS [ WK 89.939% ~ 93.17% , B R R U
Bh 5.02% ~ 8.36% ; 4 I\ v TG A B 2 B O [0 e 3R 6.0x10°
89.43% ~93.00% , % 5 RN 3.37% ~ 4.20% ; JRBLh F &R Zg:}g:
AR E YR 83.41% ~ 85.14% , B R AR N 3.0x10°
3.76% ~9.74% (£ 1) fgﬂg
AR 7E AN o BN R 1.2 x ‘ |
2 4 6 8 10 12 14 16 18 20

1072 g, 75 I o 49 B AR 4% 1 R R He R 0.001 mg/kg; L3R
0.005 mg/ke, BT EVIMA LB AWM ERGRE S
K R

RN I AR AEERE LR RSN SMGIERR
P 3,850 0.1 mg/kg T EURH & B4R E IR UG + SR PE AL &y
A A £ 3% B L 4,
2.3 AEWEFELIRMARPHEBHS

F e 38 A, Y 2 A 1 AV IR o B 3R T A B
ARF2LHHIJELEAFINES Y HEIKERA S,
FERRAERKERAME 12 WHEH(1.24 g WF/#),21 d R
TSR R TE 2 Mk B 2 R RBE P A R R 4 5 AT 3K
92.44% ~ 96.33% .95.74% ~ 98.30% Fl 97.44% ~ 98.08%
30 d J5 AN AR TE L AR B g - 2 ORI B & [ AR R
SR 97.12% .99.15% F1 98.85% , i #7 JT AL M By -+ 5 F 95
SO BRI AR, oW, AR LA
TR 5 B I AR AR

#/min
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Fig.2 Standard curve of pentachloronitrobenzene
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Table 1 Fortified recoveries and variation coefficients of pentachloronitrobenzene in the watermelon and soil samples

Y ) ) ml s/ %
BE TR/ (mgrkg ™) I 2 3 2 5 T ERERE/%
0.01 90.45 85.57 92.45 86.35 104.66 91.90 8.36
5 0.10 88.56 89.58 92.74 100.32 94.64 93.17 5.02
0.50 90.25 93.75 84.98 96.32 84.33 89.93 5.87
0.01 86.29 92.61 94.28 98.36 93.92 93.09 4.20
2K 0.10 93.72 87.56 85.03 91.48 89.36 89.43 3.37
0.50 95.51 96.50 89.23 86.52 90.25 91.60 4.16
0.01 79.55 83.49 87.47 86.26 80.31 83.41 3.76
JRBL 0.10 76.46 84.87 94.86 81.13 88.35 85.14 7.36
0.50 85.58 71.04 83.44 89.13 96.36 85.11 9.74
1x10° 9x10} 2.0x10°
9x10%} 8x10°8 1.8x10° t
8><10:— 7x10° |,6g|o:~
7x10 <10 1.4x10°
o s 2
X B
4x10° 4x10° 8.0x10"
3x10% 3x10° 6.0x10°
ax1gth 2x10% 4.0x10° |
L SV N BN N ) IV R
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
t/min t/min’ t/min
(a) 13 (b) JR8L (©) &K

B3 RFEMEMHEEINIRNELNSRGSHEAEE

Fig.3 Gas chromatogram of the soil and watermelon samples without adding p
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. 2.0x10” 1.8x10°
1.6x10° 1.8x10° 1.6x10°
1.4x10% 16x10° 1 1.4x10°
1.2x10°] 7.599 1.4x10° - 7.599 12x10° 7.601
g . i
1.0x10% 1.2><109 L 1.0x10°
8.0x10°} ;'giigx 8.0x10°
o .
6.0x10% 6.0x10° | 6.0x10°
4.0x10% 4.0x10 4.0x10°
2.0x10°% 2.0x10% 2.0<10°%
Ay n n L L L § J U WS AR Jb n " K L L I
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
t/min t/min t/min
(a) 3 (b) L (c) &K
B4 FMESHEENIRNENERHSAGHEER
Fig.4 Gas chromatogram of the soil and watermelon samples with adding pentachloronitrobenzene
3.4x10° 7.595 5.5x10° 7.599 6.0x10°
s o1’ 5.0¢10% Ssmrot | 7.599
: I 4.5x10° 5.0x10°
2.6x10° - 4.0x10° 4.5x10§
9| 3.5x10% 4.0x10% }
2.2><109 2 onl0f 35x10° |
1.8x10° 2'5)(108 3.0x10% |
14x10° ) 2.0x10° ;-g*}gi [
9| ] Ox r
1.0x10 1'5st 1sx10° |
6.0x10° 1 1.0x107 1.0x10°
5.0x10 7|
2_0)(108 [ 1 i L ilw 1 ' Ll l buadondln il 5.0x10 ) ' the f " "
0 2 4 6 g 10 12 3 4 5 6 7 8 9 1011 0 2 4 6 8 10 12 14 16
t/min t/min t/min
(a) T3 (b) MBI ©) &K
5 TE®AOANASHETHR
Fig.5 Gas chromatogram of the soil and watermelon
F2 REAMEEEANMLIEROHEDS
Table 2 Degradation dynamics of pentachloronitrobenzene in the watermelon and soil
) AR JRHL ot
P BRERIRRI T o o it b (kg ) TR/ % SRR LG, (mgkg ') TR/ %SRBI L/ (mg-kg ') WK/ %
ih 0.352 — 0.261 — 2.078 —
1d 0.215 38.92 0.142 46.15 1.263 39.22
3d 0.143 59.38 0.091 65.38 0.781 62.41
IR 74d 0.058 83.52 0.044 83.15 0.312 84.99
14 d 0.011 96.88 0.008 96.92 0.229 88.97
21 d 0.006 9%.30 0.005 98.08 0.157 92.44
30 d 0.003 99.15 0.003 98.85 0.064 96.92
1h 0.141 — 0.078 — 2.510 —
1d 0.097 31.21 0.055 29.49 2.013 19.80
3d 0.071 49.65 0.040 48.72 1.747 30.40
LB 74d 0.037 73.76 0.008 89.74 0.412 83.59
14d 0.018 87.23 0.006 92.31 0.149 94.06
21d 0.006 95.74 0.002 97.44 0.092 96.33
30 d ND — ND — ND —
W R P ND" R AR F I kAR R
W HAER R A g A TNRUN B b By 58 7 A% B £3 AEWEXEANNLRPHBMHETE
TEEAE SRk 3, HAMERAE T ERATIN DY Table 3 Degradation dynamics of pentachloronitrobenzene in
REIEFE—HN NFE R, AERE R 20 watermelon and soil samples
JREE K B 43 Bk 4.13 ~6.08 d.4.28 ~4.92 d F1 3.67 ~ P B L ok MRABC 5 /d
4.10 d, T3 y=1.2812¢7014= 0.857 9 6.08
. - WWHRYFE 2R =0.2221e" 162 0.945 0 4.28
2.4 ERMEXETBNELFNRARE A S
N y=0. - . .
; HEHERA N B (0.83 g/ 9 :
VG R S HE TN B (0.83 g/#R)MEFH 0% £ H R - T im ) = 2.19570 0. 09426 13

AT ATRAERIA 1~ 2 0 BEJR 1 M2 7 d.14 d F 21 AR B9 N y=0.1172¢7 %1 0.9884  4.92
dJE BRI HEAMERNERBREER LM N JREE y = 0.0584e" 0169 0.924 9 4.10

0.003 5 mg/kg.0.002 6 mg/kg F 0.001 3 mg/kg; + 4K
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0.38 mg/kg.0.23 mg/kg Fl 0.05 mg/kg, &M 1.5 [GHEFHERN &
(1.24 g/BR)FEVE R L FH 40% £ 1 R - 1A 2L 25 7 38 Mk
FU~2 % BEBSE LIRS 7 d.14 d F 21 d 5 Weskad, KK
THEMEEMESRE TR 55K 0.005 8 mg/kg.
0.004 2 mg/kg 1 0.002 7 mg/kg; + 34> 51K 1.28 mg/kg.
0.54 mg/kgfl 0.22 mg/kgo ] W, TGRS BE 3R AL V5 A £ 8
P4 4% B B G 24 50 B R HE 24 o B0 B i K i, R R A% (R B
I i) £ 28 o 7 9 2 o

BRHAE P MR AWML EN R KR EREL N 0.6
mg/kg, T EM K 0.1 mg/kgo HEME MNP ALAMERY
BARRERBLNA 0.02 mg/ke, RAMEREREXDHE
MEEMBR KRB EE N 0.1 mg/kg (GB 2763—2005) , Al
WS AEAMEEEE R HELAREARELN,

3 & ¢

ACET T HEMEEEGE A LE TR E S
WORIBIR T HAMERAWHMA L EI O WEESES. |
MBS REN ABEMARKERBMNME 125,57 0% %
WA - AARER T BERA 1.5 FHEENE (1.24 o/ 8k) B
W1 UK, UL AR AR TE 2 IR IR B e Y DR A DR 4
2.078 ~ 2.510 mg/kg.0.141 ~ 0.352 mg/kg F1 0.078 ~ 0.261
mg/kgo TR EEFRAE + 48 4 IR TBE B 714 A 2 52 05 4 1
H4.13~6.08d.4.28~4.92 d Fl3.67~4.10 do

BAREARRY HBBEENER 1.5 HFRENRE
e LR 40% £ A - HAEMERTRERN 1 ~2 K,
PR TE R 7 d, R AR AEME RN R SRR
BTFRERENRALEX P LEAMBEER KR AR
0.1 mg/kge AN N AEMERALTIN L E S B EEH
B HE ) A SR AE T EE R R
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Dynamic study on the residue detection and
degradation of pentachloronitrobenzene in
watermelon and soil

XUE Jin-jin'?, QIN Xu?, XU Ying-ming?, SUN You-guang',
SUN Yang’

(1 School of Chemistry and Chemical Engineering, Tianjin University
of Technology, Tianjin 300191, China; 2 Key Laboratory of Produc-
tion Environment and Agro-product Safety of Ministry of Agriculture
and Tianjin Municipality, Department of Pollution Control, Institute
of Agro-environmental Protection, Ministry of Agriculture, Tianjin
300191, China)

Abstract: The present paper is aimed al introducing the findings of
our dynamic research on the residue detection and degradation of pen-
tachloronitrobenzene (PCNB) in watermelon and soil . In our research
we have adopted an analytical method of gas chromatography so as lo
determine the pollution and degradation trends of the PCNB residue in
watermelon and soil. The experimental results of our experiments and
testing prove that the average recovery rate of PCNB is in a range of

83.41% —93.17% at the three spiking levels from 0.01 mg/kg to

0.50 mg/kg with their relative standard deviations of 3.37% -

9.74% in watermelon and soil. The delection limit turns to be 1.2 x

107"% g whereas the minimum mass ratio detected was 0.001 mg/kg in

watermelon and 0.005 mg/kg in soil, respectively. A control and

contrast trial experiment in Shandong province and Zhejiang province
was done with the finding results as follows: the degradation regula-
tion of PCNB in watermelon and soil conformed to the first order ki-
nelics reaction model, with its half-life being 4.13 -6.08 d, 3.67 —
4.92 d in the soil and the watermelon, respectively. Our research al-
so shows thal, when 40% carbendazim & pentachloronitrobenzene
wettable power was applied once and twice at an interval of 7 d with
the dosages of 0.83 — 1.24 g/strain in the whole culture process, on
the 7th day after the lasl application, the MRLs of PCNB would drop
below 0.1 mg/kg in the fruits and vegelables in accordance with the

Chinese standard. Thus, it can be said that our experimenis provide

valuable scientific data for registration and secure application formu-

late of 40% carbendazim & pentachloronitrobenzene wettable power,
s0 as to protect agricultural environment and human health.

Key words: basic disciplines of environmental science and technolo-
gy; pentachloronitrobenzene; watermelon; soil;
degradation dynamics; gas chromatography’
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