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Abstract ;: Pentachlorophenol (PCP) is a typical endocrine disrupting pollutant and persistent organic pollutant with

complex environmental fate and various toxic effects. PCP and its sodium salt had been widely employed as mol-
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luscicide in many schistosomiasis endemic areas of China for a long time period. In the present study, in order to
understand the status of PCP contamination in water environment of China, PCP distribution and the corresponding
influencing factors were determined and discussed based on its production and usage. PCP has been detected in
many main rivers and lakes in China, and extremely higher concentrations of PCP have been detected in Yangtze
River Basin, including Dongting Lake and Poyang Lake. Although the concentrations of PCP in water environment
of China were lower than the water quality criteria, our results showed that PCP contaminations have been extend-
ed from major rivers and lakes to the coast areas. The history of usage, the type of the area and the consumption of
PCP were the main factors contributing the residues of PCP in ambient water environment. Concentrations of PCP
in schistosomiasis endemic areas were significantly greater than that in the control areas. Even after 2003 when pro-
duction of PCP was significantly decreased, the history of PCP usage was still the main factor for PCP residues.
The adverse effects of PCP to the environment could last for a while, albeit the production of PCP was banned.
Compared with other countries, concentrations of PCP in China were relatively higher, and a slightly increasing
trend of PCP contamination was observed in water environment, which might be due to the reuse of PCP resulted
from the reemergence of schistosomiasis. The migration and transformation of PCP and it’ s environment-related
byproducts in environmental media, health risk assessment, and remediation technology for PCP contaminated me-
dium as well as substitutes should be addressed in future research.

Keywords: pentachlorophenol (PCP); endocrine pollutants; water environment; contamination status; residue;
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Table 1 Physiochemical properties of pentachlorophenol (PCP)

(22 )/ KIEMEB0 °C)

ST /(g-mol™) Y& 1/°C i 15/°C ZKV5JE(20 °C)/mmHg
) - (g-cm™) Ag-L") T fie 5 W A
Molecular mass Melting Boiling ) . Vapor pressure
) . Density (22 °C)/ Solubility in water pKa
Ag-mol ™) point/’C point/°C (20 °C)/mmHg
(grcm™) (30 C)f(g-L™)
266.34 190~ 191 309~310 1.978 0.020 1.1x10* 4.75
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1.2 PCP #MAUN

B B ) PCP AT 3 2o I PR B ol 4
il % 7 R AR RN S8 E D R, DIAERIESE
H BFGE N L B 2 R L B Bk A PCP S 1Y
A BRI W HFEEIEA TR 5T, & L PCP Bk i Al &
PEEEPET Z A0 30 ] % AR i B Om S B

=2 PCPXEBAKELEY LC, B
Table 2 LC,, values of PCP to some aquatic organisms

PES B AETEES R P FE N A8 WA PCP & —
K= AR A NG YY), T KAEEY
LCs, BRI ILER 2,
1.3 AHCARAERR
13.1  ZKf&H iy PCP FRAE

tF PCP &M i, % BR8E 1 fe K, B a3k
26 E A E R A KL e dil ny s ey, FRE
A (M RIK BRI 5 B AR ) (GB 3838—2002) , (A= 1
IR BAFRUEY (GB 5749—2006) (25415 K HE ik

s RFE M LCy, G BECH brifE) (GB 8978—1996), (¥ Ml 7K J5i 5 #E ) (GB
Species  Exposure time/h /(mg- L") Years References 1 1607—1989)%1@%)@% T PCP E"J *ﬂ}{ﬁ{ﬁ . ;;F( @% ;;F(
24 0.196
B fn 48 0.130 -
2006 [1] *3 AEEZRFHXKAKFE PCP RE
Zebrafish 72 0.130 . L. .
Y 0.130 Table 3 PCP criteria in drinking waters from different
24 0.98 countries and regions
NS
ALk 4 0.2 A RO el
Asian clam 2 0.23 Environmental Countries Concentration -
96 023 ) ) References
2 0.98 2012 [12] media (regions) /pg L)
5 : A 1 1
" 48 0.56 AR REUSA) (3]
Freshwater FX W (EU) 0.5 [14]
i 72 0.27 Drinking water b Chi 0 s
shrim
P 96 0.14 (Chinz) [t31
®4 ®EPCPLERE
Table 4 Criteria of PCP in soils in different countries
BREEE RESUPL ESEET Y IR e dE P2 e S
T B G BRI (mg-kg™) e AR (mg - kg ™) Amg-kg™) /mg-kg™) (dry weight)
The State of New Jersey The State of Maryland Canadian soil quality Danish soil quality criteria
soil cleanup criteria /(mg-kg™') soil cleanup criteria /(mg-kg™')  criteria (mg-kg')  /(mg-kg™!)(dry weight)
JEAE DX - T bR
Residential direct contact 6 53
soil cleanup criteria
R 22 X e v At
Non-residential direct contact 24 48

soil cleanup criteria

FEMR bR K SR AR UE
Impact to ground water 100

soil cleanup criteria
A L Agricultural
Ja A 5 2 el
Residential/parkland
Tk i Commercial
Tk b Industrial
+HEF R UE Soil quality criteria
A AT BT AR
Eco-toxicological

soil quality criteria

7.6
7.6
7.6
7.6
0.15
0.005
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AT IR 7K e K I b s 2 T H bR vfEBR{E H PCP
[ FRRAE A 0.009 mg- L™, ¥l 7K Bids i H PCP (14 R
{E°4 0.01 mg-L™" (LA 15 KHEBARE ) (GB 8978—
1996)1 , PCP (1) — R HEHhrHEN 5.0 mg-L™, —ZHF
JFRUEN 8 mg- L, ZHHEBRHEN 10 mg-L",
132 255 Y PCP brifERR

SEE B 22 4 T A B (OSHAY L E 1 KT AE 8
/NS RIJE T AE 40 /NG T AR 07 23 S PCP R
0.5 mg-m”; F5 57 TAEN A= b A EYHF
e AR ERLE , PCP J PCP-Na [ T./E37 firrp 8 /)
Bf H B 24 25 4 B (PEL-TWA) N 0.5 mg-m™ ¥/
133 3 PCP Frifi

HREr %t -3 b PCP A5 i FR{E 55/, (L 36
U g KU AR 213 A E 5 T A DG £
HebrE M, (AT RESEXT PCP B PEM A EAS
), X LA il (R R BE AR AR 2230, EFRE BT Y 3R
BemrbnafEd , HRA AR & PCP A 4 pnifi

2 PCP W4 7= & A R IFEHEAL ( Production, us-
age and environmental emissions of PCP)
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T & PCP DA = A e R 1 an il 1 i
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Bt 5 P FHAE T %54k i PCP LA K. PCP-Na %% ¥ 4>
A5 o AH T IAERR 5 AR Sl PCP-Na A4
KETHR B i 1WA , 4= AR B A F R R T 1k
T =AM A= 7 PCP, [] I R F 7S % (HCB) 1R
g R AR AR SE A 7 PCP FIl PCP-Na, I H AR X
F PCP T1fii 75 , PCP-Na 1 B J5 {8 b ] F 2% < 1 W
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fai B Rl PCP P24 AE 20 120 80 4EAUH I 2 5 &
ERFE, FLE 1995 45,

1800
1600
1400
1200

1000
800

—— AEFEh

600 Production/t
6001 = R S
200 Capacity/(t-a')

0 4E/Year
1982 1984 198 1988 1990 1992 1994 1996

1 HEPCP F£AEERAEEE71(1982-1996)

Fig. 1 Production and production capacity of PCP in China (1982-1996)

H1E PCP-Na [ 4FEAE ™ i A7 e S W3R S,
H 1988 4t , PCP-Na [ /™= ¥ 4EFF7E 7 000 t /42
£i, 1995 4F 10 H Kb T.) 4T PCP-Na %% & 2k
W& AEPRRE TR F] 17 000 t-a, 1998 4, 7ETZ BK
IR 251 1 PCP #81) ky 16 R Jin L4 il () 45
AMA NG G Z —2 )5 ,2000 4, FF [ PCP-Na 7=
PR 3000 t 24N HEEAREEK, 2004
A BRI A ) —— (O THREAMEA DL G P iy
WP RF AR EE N 2 ) AR R IE AR 2, 75 EUR (HCB) 15
77 %45 HCB £} PCP-Na i Tl 2 P2 R iA, 1545
B PSR 77 PCP-Na 4 Rtz 45 1k

&5 HE PCP-Na [fi 48/ £ 77871 (1988-2003)
Table 5 Production and production capacity of
PCP-Na in China (1988-2003)
SRR A RE

(t-a™) ARGy A t-ah)

Production Year Production/t Production

YA
Year Production/t

capacity/(t-a™!) capacity/(t-a™!)

1988 7172 10 000 1996 7 935 17 000
1989 6 694 10 000 1997 8 569 17 000
1990 9 275 10 000 1998 8200 17 000
1991 8810 10 000 1999 7 419 17 000
1992 9049 10 000 2000 3325 17 000
1993 8 856 10 000 2001 3 348 17 000
1994 5703 10 000 2002 1 700 17 000
1995 5258 17 000 2003 3010 17 000

YT PCP £ 4 HERUK PR 58 v i 5 A PE A0 65
EPA TENI ZA-E R Z AP % PCP 314 “fi
SerEwliE gy IR ARG, B PCP £ 8
A 20 g 80 AR HARY 2 500 ¢, FREF] 1996 4F
() 426 ' FEFR[E , PCP ¥ 4172 F T MW SR B 36
XETHE R 2K TAEF . 2003 4E4:[E PCP-Na =& K
3010 t, i 60% T 1 W B G , BP PCP-Na 4
P 1806 t2, AN, PCP MIE” b # & —
FEWRBE Y PCDDs, 75 H Az 7 KA FH i i rhoxst BRI AT
R ok s Ye ) R B AL AEL b [ T
Biiie i PCP ¥ A1) PCDDs 45 4048 — e 2K ) it
AR A (BRSO 2408 240 kg™,

3 HEKIREF PCP i5 LI IK ( Pollution status
of PCP in water environment in China)

1936 4E LAk, PCP 7E 42 3Kt Fil P R RUASE 1y i 11
FHOKME M =S DURY DL R sk ik N A
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Fig. 2 PCP concentrations in waters from main Rivers and
Lakes of China
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Fig. 3 Concentrations of PCP in sediment from main Rivers
and Lakes of China
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Fig. 4 Influence of PCP usage history to the concentrations

of PCP in water
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HEIX AR 1 PCP ] 25 5 7 « % R DX £ {11
PCP W BRI TR 1 B, i FH 24 DX 55 2t v r £5HE )7
HULVE(1.44 pg-kgH)>M)I(1.07 pg-kg')>TLH5(0.41
pg - kg T PCP K L4k I 2 s 4l )5 1A
(2003 4ELUR), A=Wk PCP & 8PI%T H L 6.,

&6 PCPREMPERZRVERGHENES PCP EE
Table 6 Concentrations of PCP in organisms after
decreasing usage of PCP and PCP-Na

B[S JE PCP {fHIIX  PCP ]I
Organism Non-PCP used area PCP used area
i (pg-kg!
he-ke™) 0.04 6.19
Fish/(pg-kg™)
/(gL
(he-L) 5.6 94.19
Fish bile/(ug-L™")
FEPH S I (pg - L
" gL 0.16~021 0.49~339

Famer plasma/(pg-L™")

FH 2R 6 W1, PCP S HLApER b 2 i /il FH S 141,
o Had PCP R Ltk DI A A | fa I YT DL & 55
PSRN PCP & A5 8K 5 T PCP ffi X, i
—PUIE T PCP S HC A3k 78 A= Wy AR A AR X A .
B PCP A5 1R, {H X PR T i AN R
SR S RESRAR K — BEm ] P7

Fi4h, J6 PCP i FIX fa i DL RS2 7 1L o
PCP it —E e i, U B £ LA R AR ] L) £
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