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KB T H 2 OCPs ZE75 RIS YRRl R B0 R SS3R T T B 25 OCPs B R T35, i HAb 11 AWk ¥ £ B oA &
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Seasonal Pollution Characteristics and Source Identification of Polycyclic
Aromatic Hydrocarbons and Organochlorine Pesticides in Surface Water of

Baiyangdian Lake

WANG Yi-zhen'*, ZHANG Jun', ZHOU Xu-shen', KONG Fan-ging', XU Ming-xia'

(1. Haihe River Water Environmental Monitoring Center, Tianjin 300170, China; 2. Key Laboratory of Pollution Processes and
Environmental Criteria, Ministry of Education, Nankai University, Tianjin 300071, China)

Abstract ; Seasonal variations of 17 polycyclic aromatic hydrocarbons( PAHs) and 15 persistent organochlorine pesticides( OCPs) were
analyzed during spring and summer in surface water from 12 sampling sites of Baiyangdian lake to elucidate their seasonal pollution
characteristics and sources. The results showed that total concentrations of PAHs in surface water of Baiyangdian lake ranged from
35.38 to 88. 06 ng+L ™' (46.57 ng-L™" in average) in spring and 25. 64 to 301.41 ng-L ™" (76.23 ng-L™" in average) in summer,
respectively, and total concentrations of OCPs ranged from 0. 69 to 4. 50 ng-L ™" (1.77 ng-L~" in average) in spring and 0. 11 to 3. 20
ng-L7"'(0.90 ng-L~" in average) in summer, respectively. Seasonal pollution characteristics of PAHs in surface water during two
different seasons showed that the total concentration of PAHs was much higher in summer than in spring at three sampling sites of
Baiyangdian lake including Qiantang, Guancheng and Anxin bridge, and the level of PAHs in spring was much higher than that in
summer at the other nine sites. While seasonal pollution characteristics of OCPs showed that the total concentration of OCPs was much

higher in summer than in spring in samples of Guancheng sites, and the level of OCPs in spring was slightly higher than that in summer
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in the rest of samples. From the perspective of spatial and temporal variations in the composition patterns of PAHs and OCPs in surface
water of Baiyangdian lake, PAHs were predominated by 3-ring PAHs with 45.92% and 61. 36% (52. 60% in average) of total PAHs
in spring, while in summer Nap was the chief component of 2-ring PAHs in three sampling sites including Qiantang, Guancheng and
Anxin bridge with 84.91% , 91. 04% and 78. 10% of the total, respectively, and 3-ring PAHs were primary pollutants in the other
nine sites with 37. 14% to 53. 90% (48. 94% in average) of the total. Residues of HCHs and DDTs were detected in different degrees
and B-HCH was the main pollutant at all sampling sites with 29. 94% and 100% (59. 87% in average) of total HCHs in spring, while
B-HCH was the predominant compounds at five sampling sites with 57.55% and 80.23% (61.98% in average) in summer and a-
HCHs and 6-HCH were abundant at other sampling sites. Source analysis based on isomer ratios indicated that the main source of PAHs
in Baiyangdian lake originated from combustion sources, and additional sources for several sampling sites could be petroleum processes.
Ratios of HCH isomers and DDT congeners confirmed that environmental historical residues and long range atmospheric transport were
the major sources of OCPs contamination in the study area. Compared with the water quality standard of China and other countries or
organizations, concentrations of PAHs and OCPs in surface water of Baiyangdian lake did not exceed the target values of the standard.
However, the concentrations of a-HCH and p,p’-DDD in Anxin bridge and Quantou sites exceeded the limit of human health ambient
water quality criteria developed by EPA, which reflected that «-HCH and p,p’-DDD would have a potential hazards risk to the residents
from Baiyangdian district.

Key words: Baiyangdian Lake; polycyclic aromatic hydrocarbons; organochlorine pesticides; pollution characteristics; source
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Fig. 1 Sampling sites of Baiyangdian Lake
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A5 5.5 min, SPHTEE]R 20 ming HEFE IR B
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2.1.1 HFEARZET KA PAHs R

HEE R E M ERZKMAEP 17 Ff PAHs ¥
SIRTEE R 1 s, IRl LUE Y, AR S
FZ KK PAHs & ¥k B 3 Bl & 35.38 ~ 88.06
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1 EEEREAER PAHs FHRR /ng-1. !

Table 1  Concentrations of polycyclic aromatic hydrocarbons in experimental water body of Baiyangdian Lake/ng-L ™!
s HFEZEZ5H9~11 H(n=12) HZ& 8 H27~28 H(n=12)
B ¥l bt 24 W 4 E bt 22

% (Nap) 5.65 ~18. 62 8.23 3.76 5.23 ~273.98 52. 14 84. 66
J& (AcP) 3.13~6.10 4.73 1.17 2.42 ~3.04 2.69 0.18
TER (Acy) 0.33 ~2.97 0.97 0.74 0.25 ~0.45 0.32 0. 07
%5 (FL) 2.02 ~9.65 3.47 2.73 1.39 ~4.37 1.99 0. 86
4F (Phe) 8.74 ~21.64 11.57 3.96 7.53~12.24 8.84 1.33
F(Ant) 2.66 ~5. 83 3.25 0.89 1.83~3.23 2.37 0.53
IHEW ( Car) 0.46 ~17. 46 1.93 2.04 <0.11 ~2.40 0. 69 0. 67
P (Flu) 2.55~10.19 4.89 2.64 1.86 ~3.74 2.92 1.09
BE (Pyr) 2.76 ~8.43 4.72 1.84 1.67 ~3.93 2.58 0. 69
#:3F[a] B (BaA) 0.21 ~1.49 0.51 0.39 <0.11 ~0.63 0.24 0. 14
Bi(Chr) 0.81 ~2.80 1.48 0. 66 0.48 ~1.99 0.77 0.44
[ b] P (BbFL) 0.24 ~1.09 0.47 0.27 0.22~1.29 0.30 0.32
HIF[ k]2 B ( BKFL) 0.24 ~0.61 0.34 0.12 0.17 ~0.67 0.26 0.13
#:3F[ a] tE(BaP) <0.17 <0.17 <0.17 <0.17 ~0.39 0.03 0.11
Eidf[1,2,3-cd ] £ (InP) <0.10 <0.10 <0.10 <0.10 ~0. 44 0. 06 0.15
#3F(g,h,i) 36 (BghiP) <0.15 <0.15 <0.15 <0.15 <0.15 <0.15
23 (a,h) B (DBA) <0.13 <0.13 <0.13 <0.13 ~0.34 0.05 0.12
> PAHs 35.38 ~88.06 46.57 18.57 25.64 ~301. 41 76.23 88. 15

1) VA EE R AE R 22 0, /N T4 1 BR B B e — o0z —#6  IR(L e v

AT E TS W D0 T =K AR R PAHs ZE
PETG e 22 55, 4% M I DB 1h A7 | B 2 3R 2 K A b 17
it PAHs S MNIE 2 fras. W a RUE b T
i AN B 2= R 2K Nap ¥ B2 23331 &

1K 273.98 134. 19 F1131. 85 ng-L~", & MixX 3 4N
[ 3 2% PAHs Gk B 2300 & TR 2 PAHs SRS L
i 9 AU T 2 SR B 2 PAHs ik P i 6 5
TH 7 PAHs ROk, H2E5 B3 (P <0.05).
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38 &

TERF ST K BR 8 b PAHSs ¥ B 2= 15 11 A8 Ak i 7
o MR PR EL PAHSs 78 /K- 5 1 B 38 VR T, —
WA BRI EL PAHs ¥R DL S PAHs S Uk 5 24 221K
FHEZWE, FZEFEHNZEH T Nap FHAK
PAHs AR ZE SR, HFHFEBRERM, K0P
DLSASIE SRR IR 3A 4L PAHSs 3 i /K-S 38 e K
A TK R T, T BOK R AR E PAHS ¥R T
T A AN ot IR AR v R PAHSs JERE
ffL e T3 7 PAHs ¥ L EFWREEM. b
AT B A B P Y R A A T T R SR K R R 2
PAHs B 203530 W 1= T 5 2% PAHs B JE 1 32
BRI, ZEHE R ROCI S 3 NI Y PAHSs 2=
TS YRR AE ] b 5 T ARG K A S 7K Z K IR K A
PAHSs 73 Aii R E P LK PH YT K fA i PAHS 19 2545
OYAREAE AL, iR E K R P B 2 PAHs Bk
BT T 2 PAHs SR Hirp Nap J& £ %07
BRI, T RIS R X 3 AN Wi B R R 2Kk
FERE TS Y IRIC . Nap 38 5 FHAVEA 0289 5 19
T R )t R T O R G 3k 1 4 W T S 30T
IR AR R AR T 5 R T8 T T8 D P 5 X
B AL Tt i e 2, 3 X R B F AR 16 3¢ 8
i R v VAR ST Sl R AR B AR A R R ek
B NEPIHERE MR MU 45 7= A K PAHSs i
AR s 223 W T T A B Ak T A PR T L 0 T
TA]TURE AT (8 AT Ak YT 38 1900 2 A 10 A ) 3 1) 22
B EELIR o 1 Bk B b i R T R R A TR T K
TN 7K A 268 A 180 L 4230 ok R 9T a0 A X, i ot
i R R E Y PAHSs 754
2.1.2 FVEEAEZE T KK PAHs 41 BURFIE

HEEER E M ERZ KA 17 Ff PAHs 755
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Fig. 2 Concentrations of total PAHs in surface

water of Baiyangdian Lake

HRNAFEIE 3 iR, MWAEESR ZEHERZK
17 # PAHs A B &, FEFELU = KR
F, HRGER USRI 3 (5 PAHs S0k BE 9 LE A5 43 5]
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32.18% (“F-¥4°024.61% ) F1 17.31% ~26. 11% (°F
B 21.09% ) , F R FE W — 30805 S8 i o5 1o 4] B
o, i85 61.36% 5 57 PAHs 4L HLBIAA L, &
Z IR TSN ARG A S R AT L BT IE A
85 3 A Wi b AT — A 05 8 Nap W BE 55 18 B, 4390 o
PAHs G ¥k £ 09 Lb 9] 25 84.91% | 91.04% Fil
78.10% , i H:At 9 /> W ) Wy i F2 22 LA = IR 5 R
F, i PAHs SVREEAY LU 37. 14% ~53.90% (°F
¥R 48.94% ) , I FIUIAF5 45300 b PAHs ek
FE A 21.90% ~ 48.45% (“F-33K 30.55% ) #
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Fig. 3 Compositions of PAHs with different ring numbers in surface water of Baiyangdian Lake
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SRR, AVEIER  E W ZERIZKE T PAHSs
2R DL AR D & R 32, — 7 TR B T PAHSs
()27 BE-7K 43 e R AL, & 43+ /1 PAHs B K P 38
5, B 5 T I UL AR RVEURL ) A A B s o — T
TGYIRA O, A5 R 4 B L A PAHs 2
KR T AR B R b 5 24, iRy F it (2 ~
3 35) B PAHs W 3= Bk U5 F A 1 2™ oAb A
BERSE Sk benk sl A
2.1.3 FVEREAIRZE 7KK PAHSs KR53 17

PAHs FERIET HARE R M A NHEE, AR
PRI 28 0 LA 3 AROMORIT R T 1) AR ki DA B g
RS SEEY R Y A A BB ER; AR
PR 22 F2 BEALFR IR BE USRI A7 Y VR, A be IR A 2 A ¥l
LA RRRE IR S R R S 2k be WLsh 4R
FHERR , LA B N 28 T 36 8h &5 A i R 40 7% £ 3 o F
SR 8K Ay 0 R A i S e T

AR PAHs A3 45 5E 1 4L SURHAIE , W) 73
SRR FE AR H T8 25 PAHSs 16 BB A J i ok
P55l F Ant,Phe  Flu Pyr BaA  Chr % PAHs
HLUA AT RS RE B9 FEYE , Ant/(Phe + Ant) | Flu/( Pyr
+ Flu) 1 BaA/(BaA + Chr) W ILIE #7220 T
PAHs /M. 8% NN Y Ant/ (Phe + Ant) H
E/NF 0.1 BF, %78 PAHs 88 { T4, KT
0.1 /R FE AWABEIR | Baumard 25 58 & 3K, 78
PLBh 4 RS HEOR I S ok FE T AR e
SR A Y it Ant/( Phe + Ant) FLE Y KT
0.1; 24 Flu/(Flu + Pyr) FU{E/NTF 0. 4 B, Fom HF
BRIE R AT TR, AT 0.4 F10.5 2Z 18] R i A4 i
77 (P R AR ) AR RS, R T 0.5 S
FIEL R M55 AL AR R Be; 4 BaA/( BaA +
Chr) H(E/NT 0. 2 B, SRR H FBORFE AR, K
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FeAE , VA Ant/ (Phe + Ant) iy X %l Flu/ (Pyr + Flu) i
Y il BaA/(BaA + Chr) 2N Z HifE PAHs Sk IE 2 Wt
KL S50 4 Fos. WA DAt fEAVETE R 2
FIZAKE BT Wi KT i Ant/ ( Phe + Ant) FL{E3
KT 0.1,Flu/( Pyr + Flu) F{E7E A MOE FRTIE/NT
0.4, TESAAN T 0.4 F10. 5 22 ], HoAt W i b g 129
KT0.5, 74 Wi BaA/(BaA + Chr) lLEIAN T
0.2 F10.35 Z ], fE PR R=RZARIED A
Wi K 1 Ant/( Phe + Ant) LA KT 0.1, Flu/
(Pyr + Flu) HAEZEEME/NT 0. 4, 78 TR OGTE
TR FEFSAT A T 0.4 F100.5 2 8], HoAth W 00 b 18 24
KT 0.5,BaA/(BaA + Chr) FUAE/NT 0.2 By A
KK | BA i | Bk AR &, HA W ¥4 T 0.2
~0.35 Z[f). W] WM PAHs [F4> S Mk G R F,
HPETERZ KR T PAHs =81 U8 T BABR IR, 352>
W DU T TET A AEAE AR, O HLAE B B 2 0 B e 22
S ZASWEE RS A TE SR BULARAST , UE X AR
FERA T ARZ 8 R A KBRS K 0 5 R
H W A TG i e AR SESERRLI A RS , L 58 il s
iy K Am . RS TR S B AL A I S R
AR RRE MR B i s K HEBOR B AHE AL
R, > B A TE 0 OR o T A9 A 1 15 /K R Tl %
IR EEHEATE N, b3 S5 R A 7 v R 2K AR
PAHs [ FZRIE.
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Fig. 4 Plots of PAHs isomer pair ratios for source identification in surface water of Baiyangdian Lake in spring and summer
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W S AR A Y FOK bR E Y B — RSV IR T KA AR YRR T PAHSs T5
KHESRAE A 14 F00in 2 R PR 8% B b e ) iR g KR b O (38 3) , 2 A br i i B
9 PAHs ¥ EEFR(E. Ml LA, AVEIER V2 iR KA AR, JU R I DU AT 15 45 I8 £ 4R R 3l

PIZERJZK A PAHSs W A Bk br e lE B R BRUKMH MBI L ) PAHS , i i S BE
A BR A T RE S X N\ A B b (9 PAHSs ¥R 2. 275 [

H1T PAHs IRIPESR  KIAT A PAHs AliEd 8 B EARIE 002 2riE, b3 3 al |, HEER .

YIBELE LR N T B OR, Pl 2R R LR N R ERR 2K A 4 B4R PAHs PRI 4% [ ] &
FEEMIHEA NSRS B . — AU 2briE, (B PAHs S0k BB T 38 [ PR 5 o

S0 [ A E PR 2H 20 2t n) ARG R KRR s e AR AL E FRAE.
*2 ARABERHNALK PAHs KFRIRAED /ng-1.7!

Table 2 Standards for water quality of PAHs developed by different countries or organizations /ng+L ™!

E% Nap Phe Acy FL Ant Flu Pyr Chr BaA BaP BbFL BkFL BghiP DBA InP ZPAHS
v g (42 — — — — — — — - — 28 - - — — — —
e 4] — — 6.7x10° 1.1x10° 8.3x10° 1.3x10° 8.3x105 3.8 3.8 3.8 3.8 3.8 3.8 38 3.8 —
B 44 — — — — — — — - - 10 - - - - — 100
ERMT 1.1 x10° 400 5.8 x10° 3 x10° 12 40 25 — 18 15 — — — — 10 —
1) fifi FHEOBRAEAT - o [ K PR B8 B b vl | 36 R RLE [ S Bohn e RS K HEZRFE & s RIFEE R REN]; «— F/R2s fi

£33 KEEWERE PAHs KEHNREFE /ug L]

Table 3 Safety guidelines for aquatic organisms exposed to PAHs in water/ pg-L !

oar | ERGRK MEAKR BRPMURERZ PLKRRE  REAS WK A TR
AVPEIE  RPRERE ESTIEMRRE  FOE RERE A (4/5) x10°°
Nap — 11.0 1.0~10.0 1.0 — — 5.65 ~18.62/5.23 ~273.98
Phe 2.0 0.8 — — 4.6 — 8.74 ~21.64/7.53 ~12.24
Ant — 0.12 0.005 ~0.05 0.01 — — 2.66 ~5.83/1.83 ~3.23
Flu 0.5 — 0.05~0.5 — — — 2.55~10.19/1.86 ~3.74
BaA 0.2 — — — — — 0.21 ~1.49/<0.11 ~0.63
BKFL 0.1 — — — — — 0.24 ~0.61/0.17 ~0. 67
BaP 0.1 0.008 0.01 ~0.1 — — — <0.17/<0.17 ~0. 39
BghiP 0.02 — — — — — <0.15/<0. 15
z PAHs — — — — 0.03 0.2 35.38 ~88.06/25. 64 ~301. 41

1) “—" FoR T EHE

22 4 JEFTETE S 9 A H AR A K AR T PAHS PAHs ¥ 5 2 [t Gossenkolle 1 . Redo 15255170 /K &
RIS YRS, T AR E S H0 ATUEM PAHs MRJE 5 1 ~ 2 NEUE 9, I Great Bitter, El
TR 3 A W 00 R TR A A R T e R R Temsah i  Victoria 517K/ PAHs ¥ FEAIL 3 4>

B T RE S PR R A YR B, NPT IR B4k

i, 5 E AR EEEWIAKAR PAHs 15 JLROBUARLL, 2.2 FETEAKAIR 15 Fra AL 25 0 2= VT e e

HAETERIR PAHs 15 Q4K 5/ EPEER 4 ik AERORIE
TG AT B ERBHAANRE A R PR 2,201 FHERREAR IR OCPs

PAHs ¥ i 29 Ry 7 3E€ K& PAHs ¥ BE 1) 30 ~ 60 HVETER B R)Z KT 15 B OCPs 154

A5 R0 A K AR PAHSs W JBE 2908 FIRJEK IR WRBEM TS R ANSE 5 iR, R RTRUR H, F i E

PAHs ¥ FER) 3 ~ 4 £, 5 EANBWIIAKIKE PAHs  F EWZEEZ /KK HA HCHs il DDTs A A A
AHLG, FEVE PAHs V5 44K P2 PR /R Bl FREERE s FLAJLAD OCPs B RA . Hh  F A
ki) Gossenkolle i | H A4 111 /) Redo W . 734% 2% 4 FF HCHs f12 Ff DDTs #i4H , HCHs 1 OCPs i
() @ver Neddalsvatn W] 7K F 1) Maggiore WIFIRGAE  JE1% 94.83% ,DDTs i OCPs B 1K 5.17% ; B
() Zeekoevlei i , fI% T3 [E 1) Esthwaite 1] | 3% & (1) Z= 45 3 F HCHs #% &% i, 5 OCPs & ¥k & /Y
Great Bitter 1 E1 Temsah {5 31 B 2% < 1Y) Beira i #0 100% . Al WHFESR B MWZELZE KK OCPs 15

Bolgoda i#f] .15 JE Y. #¥) Victoria ], H: v ¥ 3 /K 44 PeE L HCHs S~ 3, HiAh OCPs ) TTHRAR /.



3 % ARSI IR SAPUEAR L 2T 1E15 PR E SO IR B 971
F4 AFRERERSMNELAAKGE PAHs 52K /ng-L-!
Table 4 Concentrations of PAHs in surface water of other lakes in China and abroad for comparison/ng-1 "
531 wia Ay FESAC PAHs 2K e ESE FHE b2z SCHR
H P E 2015 12 17 35.38 ~88.06 46.57 18.57 LN
i 2002 3 10 989 ~4 869 — — [47]
] 2003 7 16 37.5~183.5 134. 45 54.83 [48]
/NETEE 2007 6 15 40.1~74.0 51.0 11.9 [49]
GHE| .
HiH 2009 15 16 95. 63 ~370. 13 170. 72 70.79 [50,51]
L 2010 ~2011 3 16 69.9 ~515.6 204.93 132. 89 [52]
B BH A 2012 40 16 5.56 ~266. 1 — — [53]
K 2013 4 16 59 ~269 — — [54]
E | Esthwaite 1] 1996 ~ 1997 6 14 — 158 99 [55]
i 7R B2 48 L ik Gossenkolle ] 1996 ~ 1998 — 16 — 1.08 0.11 [56]
A A= 357 1L Redo 1 — 16 — 0.70 0.21 [56]
PN @ver Neadalsvatn ] — 16 — 1.10 0.10 [56]
KA Maggiore ¥ 2003 ~2004 — 16 — 3.42 0.33 [57]
B Great Bitter Fl El Temsah 1] 2004 9 16 10 780 ~ 12 380 — — [58]
W2k Beira i) 2003 ~2004 4 11 46 ~112 80.25 27.13 [59]
Wi 24 Bolgoda i 2003 ~2004 6 11 40 ~ 127 74.33 28.45 [59]
E[2 Zeekoevlei ] 2004 51 25 0.00 ~19.16 — — [60]
B Victoria ] 2006 13 16 3320 ~47 600 — — [61]

1) “—" TR AN IE

MM BF, R E P RRZ KA
OCPs SR FE R E 255 (P <0.05) , SRR K
F 2 OCPs M= T H 2 0CPs Bk E. LS
AL R ZEFR)Z KR OCPs Bk BE I B2 0. 69 ~
4.50 ng-L™" FI(E N 1. 77 ng- L™y HEFRZKIK
HOCPs BV BETE FEIJE 0. 11 ~3.20 ng-L™"  SFH{H
490.90 ng-L~". HES ATUL, BR OGN E# 2% OCPs
KR FERT 5 2 OCPs vk B A, HoAth W5 300 18 1 5
7= OCPs Gl ¥k i 3% o %2 5 T 5 2= OCPs R Mk JE.
OCPs S J3 fi e BRI AR A 43 50t R AE B 28 (S
H)YMEZE(8 A), 53k 4.50 ng-L~" il 0. 11
ng- L1 T 43 )2 A 0 E 528,

TERFSE K G h OCPs ¥ B 2797 1 A% fb o 72
x5 AFEREKIE OCPs TR /ng-1.7!

Table 5 Concentrations of organochlorine pesticides in surface water of Baiyangdian Lake/ng-1 "

H — BEAR IR R BRI AR SR A R
YERT IR , + HE5R B2 (1 OCPs B4k H Hh 3245 Ui i A
KM E KR Z KA OCPs ¥ T, PRI AR
ZHFFE R OCPs T4 Yy 52 BRI 5 T4 YL A RRAE @ -4
PR TE R 2 ML 2 i) DA A BT 2 7Kk 38, R 4
DB T 2 JZ AR AR OCPs e FEARAL IR 0 5 5 i
TE =, BRI T 3K 8, A SC BB OCPs
WERR I N R Z i THEE, (W ETEERIZ K
T OCPs 75 48 I A7 5 B 75 YL R AE , 43 BT
PR ] BB S =P K] L T A 2K A A 2 TR K R B X K AR B
R REAE 5 I 2 SR A 0 1) S 3 B T 7K R 92 iy, G
OCPs S B LU 2 o m] REJE: h T 32 2 DUAR M A4 14

#2%Z5H9~11 H(n=12)

HZ 8 H27~28 H(n=12)

tEE 27| 5 - — ; : —
Wz FIME P 22 W I ME e 22
a-HCH 0.11 ~0.58 0.23 0.15 <0.11 ~0.49 0.22 0.14
B-HCH 0.46 ~1.30 0.83 0.23 <0.08 ~0. 66 0.28 0.26
y-HCH 0.10 ~1.20 0.40 0.46 <0.10 <0.10 <0.10
6-HCH 0.17 ~1.25 0.28 0.35 <0.17 ~2.75 0.37 0.78
Z HCHs 0.69 ~4.33 1. 65 1.03 0.11 ~3.20 0.90 0. 88
p,p'-DDE 0.12 ~0.17 0.10 0.05 <0.12 <0.12 <0.12
o,p’-DDT <0.17 <0.17 <0.17 <0.17 <0.17 <0.17
p,p'-DDD <0.12~0.19 0.07 0. 04 <0.12 <0.12 <0.12
p,p'-DDT <0.12 <0.12 <0.12 <0.12 <0.12 <0.12
Z DDTs <0.08 ~0.35 0.12 0. 09 <0.12 <0.12 <0.12
Z OCPs 0.69 ~4.50 1.77 1.04 0.11 ~3.20 0.90 0. 88

1) TSP R E RS 22 B, /D T8 1 BR A el ¥ — o 2 — e i IRME e i
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Fig. 5 Concentrations of total OCPs in surface water

of Baiyangdian Lake
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ARG EZ A Hr e B 2 W R RZ KK
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FAEJE R 3R )Z KR HCHs 21 By AE 40
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Fig. 6 Compositions of HCHs in surface water of Baiyangdian Lake

2.2.3  HEFEAFZET KA OCPs AR5t
B HCHs E20k 3 TR BRI, T
L& HCHs FIAKSH & HCHs AP Ah S IR E A5 3] 72
AR RIS 12237, o, Tl iy HCHSs 4% [R] 43S A 4
T o5 B A543 )2 - a-HCH (5 55% ~80% 5 B-HCH
5% ~14% ; y-HCH [ 8% ~15% ; 5-HCH i 2%
~16% ; HAth 3% ~5% "', LA KRS 405 99%
PLEf y-HCH'™ ., il % F o-HCH 5 y-HCH (¥
BE LA R 53] HCHs AR TR, — RIS 50 N 76 Tl
HCHs % LB ATE R 3 ~ 7, (H )2 44 M)t el
v-HCHf AR IZ HAE T BERE BN 15 Wit
& T 7, /] fEJ5 K J& HCHs A K FE B (L il % T
bt HCHs 78 FR5E Hh (14 2 2406 90 R Rk i, 3 2 TRy
a-HCHL y-HCH H9E K 29 25% ). F 40 1

KRAWKEE L HiL T, y-HCH 726122 E H
TAAE R a-HCH, Xt A fEff o-HCH 5 y-HCH
(e BE LB T 707 APRIE R P 245
W Il 2% J2 KK «-HCH/y-HCH FfE N 6 frs, A
HRT L VS AR L T 2 R o W I T % J2 K
&h a-HCH/y-HCH HAHZE KT 7, KA A FEER
JEK R HCHs ORI F IR B MR &K
B AEH. S3oh BT EAKTE B O LN AT
HEF R 25 5 AW o-HCH/y-HCH /N T 1,
FHATER Z3X JLA Wi T mT BB 37 9 AP B y-HCH
PN

Tk & DDTs — & 4L & 77.1% p, p’-DDT,
14.9% o,p'-DDT, 4% p,p'-DDE!®!. H R Fh DDT
[ ZEZNEEIS P S S NNt 7/ IS
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FEFM T 546 DDE, M fE IR & & T4k (ER/NT 1, A B R T 1, D) B A 8 VR
DDD'™. 3@ A DDT/DDE RIfE K BUfl DDT A9ff AL RS i (e RZ KA R RS R
FAERRTY . — A28 H DDT J5 , B % DDT F%f# 4 p,p’-DDE il p,p’-DDD WiFh DDTs, 5B DDTs ¥5 4
DDE 1 DDD,DDT ¥ & 5 DDE \DDD Wk EEZ ML JERIE T IR AFR .
*6 BEREEWEREKE a-HCH/y-HCH LL{E"
Table 6 Ratios of a-HCH/y-HCH in surface water of Baiyangdian Lake in spring and summer

Wi If 45 1 2 3 4 5 6 7 8 9 10 11 12
H% — 0.21 0.31 — >7 0.49 — >7 >7 0.36 0.47 >7
HZ >7 >7 >7 >7 >7 >7 >7 >7 >7 >7 >7 >7

1)“—"2/RM T o-HCH Ml y-HCH ¥R L, T W & Ll

2.2.4 FTEIERZKIK OCPs 155K TN RIREE R AEN] ) Fp R 13553 OCPs Hé 3 B
T T RPEMFKA TR E Y EERE EH NP ATUE S, AR AW EERZ KK
FAA 0 B SR TR R BRI K HEZRAR AR OCPs e BE B I T i A v B 1) P (.
R7 ARERBALR OCPs KFEIRAED /pg-L!

Table 7 Standards for water quality of OCPs provided by different countries or organizations/pg-L ™!

Ex y-HCH DDTs L& WL SCICH I SR G i+
i (4] 2.0 1.0 — 0.2 — — — —
% [ 4] 0.95 1.1 0.52 0.52 3.0 0.24 0. 086 0.22
W 144 0.1 0.1 0.03 — 0.1 0.1 — —
I E-pNEl 0.01 — — — — — — 0. 06

1) AR A < o [ R K BRIE B b e | 5 [ B0 PR 25 [ K BT A e | B K RE SRR & OISR CER B A 5« —7 o 23 ik

PRSI TR 2 il 7K A BRI o e A o BR L 14
SRt XTI PO P AR B A KR TS
YW, Edr ARSI R B . sk 8 fir
N ARG RE B RO A BRI, G R BB R T
OCPs AMMEREK BTREERIK A AR MK SRR E o
AR K B A 3 ) e o K AR K A 2R
Pyl e i B K AR AR i AN = R A S
(75 Rt KT 2 L 5 TR A R R R Y 2
IR 15 e T AN 2206 R 2 B Ak R

RS ) S IV B, G S B R IS R M. =
HREARE OCPs N g FE K i FE Rk A=A
pi e o0 NG R W <= =l e S iYL T TR =Y
P - HCH ¥R B 35 sk A A fg B K i Sk vfe , ) 2 rp
R K BT T 2R 22 /KA p L p”-DDD ¥R B st T AR f R
JKIFHEHE - HCH | p,p’-DDD 3l ke s 48 T
J5 DUEAFAKAE A WA P 28 T 0 3 AR K | B TR 2 flh |
A2 D AR AR AR DY, X T D X 7
AT T T JR U DX R 2 A VA AT .

®8 EEIMRE OCPs MERBEKREATKEEYKFEED /pg-L~!
Table 8 Human health ambient water quality criteria and aquatic life criteria by EPA/pg-L "

OCPs PNEN S92 IR A AWK T E (IR AK KA AT R
Yok + BEHKAEAY BRKAEEY AMEEEE e MM (F/H) x107?
o-HCH 0. 000 36 0. 000 39 — — 0.11 ~0.58/ <0.11 ~0. 49
B-HCH 0.008 0 0.014 — — 0.46 ~1.30/ <0. 08 ~0. 66
vy-HCH 4.2 4.4 0.95 — 0.10 ~1.20/ <0. 10
p,p'-DDD 0.000 12 0. 000 12 — — <0.12 ~0.19/ <0. 12
p,p'-DDE 0.000 018 0.000 018 — — 0.12~0.17/ <0.12
p,p'-DDT 0. 000 030 0. 000 030 1.1 0. 001 <0.12/<0.12
& 0. 000 005 9 0. 000 005 9 0.52 0.003 8 <0.13/<0.13
BALEH 0. 000 032 0. 000 032 0.52 0.003 8 <0.21/<0.21
IR 0. 000 000 77 0. 000 000 77 3.0 — <0.37/ <0.37
il 0.000 001 2 0. 000 001 2 0.24 0. 056 <0.27/ <0.27
S G 0.03 0.03 0. 086 0. 036 <0.15/ <0.15
a- i ft 20 30 0.22 0.056 <0.16/ <0. 16
Bt St 20 40 0.22 0. 056 <0.38/ <0.38

1) “—" FoR o EHE
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Bt 38 &

Ay,
=

9 JE FEVE S N AN HAB WA KR OCPs
A TG YRBLLEER. el LU, FHPRE K 14 OCPs
TSRS T D S KPR EE AT, 3R R B
FIJZKAR OCPs 15 AR BUARXT T Py s AR B A e 4
e SR A HABE ZEIA KA OCPs 153 RELAH L,
FHEETE KR OCPs 1552 KF-5 I 4 IR 04 |
LT ST B PR AR BT OK AT B
B I T FIE M OCPs 534 KF, Horr, 74

KR OCPs We 22470 F - 3E KR OCPs ¥ B 1Y 26
5, TEVE A /K AR T OCPs ¢ 38 B2 LY 1 ¥ 3 /K R
OCPs W 1 ~2 DMRCRS; 5 E SN KA
OCPs #H b, H ¥ 3E OCPs 5 4t 7K S 5 in 44 14
Bosomtwi ] #H 24, EAK T 07 B ) Tashk 11, 044 69
Volta ] . % I 9 Volvi # . Vistonida ] . Vegoritida
1 L. Prespa Wf1S. Prespa iff] , Hf¢ FEAHZ2E 1 ~2 4>

®9 BFRRERIMEAMRAKGE OCPs FERKRL /png- L~

Table 9 Concentrations of OCPs in surface water of other lakes in China and abroad for comparison/pg-L "'

=531 WA A FESEL  OCPs 3 W BEYE R - brifi 2 SCHR
HEE 2015 12 15 0.69 ~4.50 1.77 1.04 LN

H T 2008 15 19 11.37 ~30.43 17.46 — [21]

[LRG] 2007 17 8.04 ~126.22 46.20 — [73]

i 2003 1 6 5560.00 5 560. 00 — [74]

L 2003 1 6 6700. 00 ~24 530.00 — — [74]

E N 2009 33 10 0.89 ~2.58 1.78 — [75]

Bl i 2009 9 8 6.50 ~33.80 — — [76]

Hiib) 2008 13 19 0.54 ~64.01 7.92 — [77]

FLBH 2009 14 11 3.60 ~52.03 11.68 — [78]

[EpiaL] 2012 11 15.50 ~43.80 — — [79]

BITKFE 2008 9 18 10.06 ~87.37 — — [80]

T 2011 12 10 1.90 ~7.60 — — [64]

ARl Tashk 2003 48 6 <DL ~312.00 253.00 — [81]

Jngh Bosomtwi 1] 2004 10 6 <DL~3.79 0.21 — [82]

fingn Volta ¥ 1995 ~ 1996 6 6 <DL ~91.00 — — [83]

LTk Victoria 1] 1998 5 6 <DL — — [84]

Volvi i#] 1 20 <DL ~64.00 — — [85]

Vistonida ] 1 20 <DL ~57.00 — — [85]

il Vegoritida ] 1996 ~ 1998 1 20 <DL ~421.00 — — [85]

L. Prespa ¥ 1 20 <DL ~232.00 — — [85]

S. Prespa ] 1 20 < DL ~440.00 — — [85]

1) “— FoR AR
3 i

(1) HFEESR EWZ=RZK A PAHs 21
15 YRR FR AT | OCIRN B A 3 A 1T B
7% PAHs SR JEEEI0E T8 2= PAHs SR 73 i )5
PRI AT e A R AR T YR U T H A 9 A T 1 D)
WIRINAEZ PAHs SR FEE WS = T 5 2= PAHs B
JE B AR TE R R )Z KR T PAHSs Sk B
J&35.38 ~88.06 ng-L~" FI{H N 46.57 ng-L 7",
B Z R JZ KM PAHs BHR B Y5 2 25. 64 ~
301.41 ng-L™", SFE¥{H A 76.23 ng-L~". M PAHs
HIFHERTE , HTEIER R RZ KR A ] 26
A PAHs ARG 22 W B, B E LD =05
R E HUOR AR 3, 5% 2 PAHs 41 A% L 1)
FHEE , B 2= 305 K Lo B SR 3 Iz el T2 0 (i

EFIOC IR AF 3 A W I U7 17 — 3R 05 & Nap Wk iR i
B, T HAth O A Wa I BRI 1f 2 2 DL = 3R9F R 3, HOR
JE T RIDURR AR, PAHSs [R5 S AR AR A R A
PEVER E P 2R 2K Mrh PAHs 2R IR T #A 5
s % o TRTET R o e - W i B A 3 19 7 B |
PAHs 15 QLK ARG, FHFEVER  E R )Z Kk
PAHs 15 4% /K - AKX, 11 5 [ A1 36 45 5 10 7K 4 o
PAHs 75 42 /K - AH HE 7 3 15 G K12, (H R
AR LA (] [ R A B 2 1) b R 7KK BT bR o AT 7K
Y E Rt

(2) FIPRTER H P ZRRZ KA OCPs 215
15 YLRRAE BRIk SC I T T B 2 OCPs Bk 55
FHZF 0CPs BIVREE, MK vl e e i T HRIZ VL
TP PR TR, F Al 11 A MW 00 i T 34 3R B A 2
OCPs B R T H Z OCPs Bk, Hd, A
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HEFRZ KT OCPs Bk FE L Bl 0. 69 ~4.50
POEHIME RN 1.77 ng-L7', BEEEIZKIMAKS
OCPs Sk BEJEHIJE 0. 11 ~3.20 ng-L~", SEXME N
0.90 ng-L~". M OCPs 4F-IERE , AVETER B
PIZER)ZK AR OCPs H A HCHs 1 DDTs £ A [
TREER Y, B B DL HCHs i A 75 QL 4R 4E, 1
Hh 3R 245 W DR 1 6 J2 /K AR HCHS 34 LA B-HCH
R, R FE KR E ERHL T A E R LR
&5 5 AW K 2K A& b HCHs L B-HCH R &,
i HCHs MUK 57.55% ~ 80.23% , V-3 L 5]
61.98% , HAMWT A LA o-HCH H1 6-HCH Jy 3. OCPs
ﬁ“amwwﬁﬁmﬁﬁfﬁ&EWR%FKW$
OCPs FZER YR T IS5 5% B A HE 25 18 5, [+
N%?E%%#Hﬂlﬁﬁﬁﬂwﬁﬂmﬁ#54
W T 3 T R AT R A R P B y-HCH fay AL (8] = 4 5k
%MWE%&E%K%W%EM%&%E%%%
JZKM T OCPs 15 Y 7K - B AR A, v B R 2t
AN [ AL U] 5 1) H R AR OK AR e, (H 28T B
TR Sk 94 WA 00 DR 1T 2% J2 K AR a-HCHL, p,p’-DDD
W BB T T 28 AR5 T 1 A B K o BE o
B «-HCH | p,p'-DDD A B8 2 X [ ¥ JE 0 X E R
fa R P A VR A T R
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