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N Z A R 0 WS 3% -5 40 W0 T v % BT K B W T 3 28 AN A 19 2R JZ2 K B 75 F PCNs 4T
ST GER B, 22 A PCN FIZEM# ke , Hodb PCN-1 B9S2 % 100%, PCN-5/7. PCN-14/24, PCN-
42, PCN-37/33/34, PCN-44/47. PCN-45/36. PCN-27/30. PCN-38/40 [1J#%: 1 #4525 T 80%. A~ [m 48 18R] 2%
YR B AR . — BRI 34.2%, TEZEN 35.9%, —EZEN 20.1%, WEZEL 9.7%, HE
Z515 0.1%. RJZKFEHTY PCNs 1Y#EE ) 0.31—30 ng'L™", EHN 7.5ng L, HPEZIPEEX (9.0ng L") >
X (84ngL™") >KFEX (6.7ng' L") >LU#MH (5.6 ng L") MH. 5 E N HMHE SCHEE (EAH
Fed, BT KPR B BT 26 )2 K ' PCNs ¥ AL T R 48 7K SF-. PCNs 19351 24 i 115545 51 i 7R Y PCNs-
TEQ >4 0.005—0.187 pgTEQ L™ 15 YR IF AT L5 R, BT /K B 1 il i 26 J2 K+ PCNs Al fig &
FER T B Ao R 0 A8 3 HE k.
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Abstract In order to study the pollution status and distribution characteristic of polychlorinated
naphthalenes (PCNs) in the surface water samples from Guanting reservoir and its upstream rivers,

75 PCN congeners were detected and analyzed by isotope dilution-high resolution mass spectrometry
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in 28 surface water samples from Guanting reservoir and its upstream rivers. The results showed that
22 PCN congeners were detected, and PCN-1 was detected in all the surface water samples. Other
congeners with a detection rate higher than 80% included PCN-5/7, PCN-14/24, PCN-42, PCN-
37/33/34. PCN-44/47. PCN-45/36, PCN-27/30. PCN-38/40. MoCNs, DiCNs, TrCNs ,TeCNs
and PeCNs account for 34.2%, 35.9%, 20.1%, 9.7% and 0.1% of PCNs, respectively. XPCNs
concentration ranges from 0.31 —30 ng-L™', with a median value of 7.5 ng-L”'. The median
concentration showed a trend of West reservoir area (9.0 ng-L ') > middle reservoir area (8.4 ng-L™") >
East Reservoir Area (6.7 ng-L™") > upstream rivers (5.6 ng-L™"). Compared with domestic and foreign
studies, PCNs content in the surface water of Guanting reservoir and its upstream rivers is at a
medium level. Toxicity Equivalent Quantity (TEQ) of PCNs ranged from 0.005—0.187 pgTEQ-L™".
The results showed that PCNs in these surface water samples from Guanting reservoir and its
upstream rivers are mainly polluted by steel smelting process and traffic emission.

Keywords Guanting Reservoir, polychlorinated naphthalenes, surface water, pollution status,

distribution characteristics.

2 H 2% (PCNs) & Z5 30 b SR T3 U I BOR B — 24k & 1 B FR . A 2820 b SR 1 U Y
0 H A (1—8 i) AN [F], PCNs 25 75 A [RIZEWY, I BA P gh s, BAZE Lg% (PCDD/Fs)
BYRETE . AW SEVE | FR AR R BE B A B R S5 R AN PL PCNs E 2248 7T 20 HE 42 30 4R 2 80 4RAK,
PESCHRGETT, 2 H AT 1k R S a o 15 7 B AR KWL ZE R R Z ML | I
2 et 1) R0 348 9 501 45 75 T 5 T v SR 2R R AR rRL A AR BRI A e B s 2. H TP Y PCNs 2K
R 5% B Tl it 7 R ORI 4 g 5 A A 3 A1,

BT K EEAL T A PRk B 5 A0 & RIX BE N, Bl K R A VR S ATk, Herb i
5T RAEM A EICE G RN ACE T, R 20 km A T KZES, 8 2 Bt st i K Rz —, J5
32 2] BW#5 9, B 1997 AR FAE D Ib mt i A R ZK IR . 347k, Bl b K BRItk o0 B 25 sl Pk
BEITKIEKFEE LR, EHM PCNs 18 # F/K o A58 T R B, SCHR s ™ V8 B 2F g A7 75
T AT 22 2K ih— 2= A\ Y PCNs He & oA 3—72900 ng L7, #it F /K Pk BE 4 0.5—79100 ng-L™; $BELHE
W 22 T 22 2 K T S I 31 Y PCNs ¥ B4 0.014—0.41 ng- L' H A&7 5% 35 3718 U6 W P Y PCN's ¥
5 ND—490 pg-L™"'“; Mahmood 251 & 31, [ 3L M7 341 44 47 VT 7K th PCNs BV EE K7 178—489 ng-L ™. 3
[ X} PCNs 5% ¥ e i, A9 i bt b 327K b PCNs ¥ B )y ND—11.89 ng-L'; #1515 461 &
PR, T 2 15 26 Z K o PCNs #e 5 K 0.007—0.85 ng- L™ BF S8R 18 B JT 7K JFE 09335 A M4 BLT5 e W 7K o 5k
P FBALFE Z EIPOR G HLEAR A, P R A 259 B AP EL Y 2% s T |
i A< Il PCNs [IHF 55 HRA .

AR SCHE R T K K T A 5 DX 3, SR FH [RIASE 28 40 B -1 40 W ASOAH €03 - 2 0 o i 1k %
F)Z2 K 75 Fh PCON [R] 29 474G 0 43 B, F 5% 1% IX 35, PCN's ¢ B 7K SF- 5 43 A e AE, JF 40 HO e ok
U8, SR A2 X R A LTS Y Biiih TAE SR s S .

1 #MRIE5 7 (Materials and methods)

1.1 MRS XIS R 5 oR 4

FEA SR T 2018 4F 9 H, W98 IX WAL 45 B T /K P X K b3 3 2T, a5 r 28 /N il R AR i
O, e BT X 17 A s, AR R X 5 AN AL (L1—LS) |, HEX 5 A 57 (L6—L10) |, P X
TAEAL(LII—L17) 5 BRI 11 A AL, 38 DK 1A S AL (R L R 2 A8 02(R3, RS) L EE
T R H R 8 AN 57 (R6, R8, R9, R10, RI1, R12, R13, R14), TEULE 1. AR K48 RERZK
B, SRFEHT TR 2K DER K 2% 3 3k, SRAE IS P FRAE X A 7K YR 3 3, SRAKIREN | L, AKAEORAETE 4 <C
WEE, 78 3 d 58 OKAERY & 2E.
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Fig.1 Distribution of sampling points of Guanting Reservoir and its upstream rivers

1.2 AR5

155 43 ¥R B FH A (Agilent 6890-GC, Waters Micromass AutoSpec Premier) ; 12 45 7K ¥ & WK AL
(Organomation, USA); 12 % [jj 3¢ X5 4[5 A A B %€ ¥ (SPE, Supelco, USA) . S50 fT F A HLEE ¥ — 5
e . T e A B35 R A 5% 4%, I ) Fisher( Fair Lawn, NJ, USA) Al Tedia( Fairfield, OH, USA) ; & 4 #
BUAE A Oasis HLB(6 ¢c/200 mg, Waters, USA); PCN-MAX(—%—/\ & 2515, Wellington Laboratories
Inc., Canada) ; [A] {7 2 ¥ Il P A% ECN-5102( DU 58— /\ S 25 IR #5¢, Cambridge, USA) ; 7 41 # EC-4979
(Cambridge, USA); #4li7K ti Milli-Q(Milli-pore, USA) il 55 B 38 £F 24 [k (0.45 pum, B, )5 ARl
IEA (T50, B, HHE).
1.3 FESETAE S i

BT LAKRBETF AR UE AR, 28 0.45 pm B I8 27 2 B 0%, o 85 MK AEIIA 1 mL %A 1 ng
BCyo FRICHY ECN-5102 H AW, TR A 345 J5 V- 2 h, 285 4 HLB #: T SPE #F1 748 4. HLB H: 76 ffi 1
AR Y LA 10 mL Y E . 10 mL % A %6 1 10 mL #8 20 7K 36 16 . B 7K B DL 6—8 mL-min' 9 it i £
HLB #1758 %, EHERUE, FH 10 mL S e b1 e i, WOR VR, AR R 0.2 mL, B2 % 2
A 20 uL TRERY AT, ARER AR Z 20 uL, SRS R HI e 0 BN - o3 B B A A7 2 B, A
AT SR LA B | i I LSRR [18 — 19].
1.4 JST it DR IE B o a2

S JIT FH 0 8 3 4 (UL 39 SR FH 8 7 3 e, MR A 25 B8 ok SR S B A% o gk 3 k. SE R AR
HRE 12 ANFESR IS N 1 ANZS FORES AT 1 A PATRE . 25 2l S50 I SE 0 7 iR e A T TORG % B Tl
Ay A 52Ky v PCNs B9 K H R H 0.06—0.10 pg-L™', 7K #E [ Uk 2 K 58.6% —80.2%, i %5 i Ky
7%—23%, 75 25 v BRI G W RS B v B2 I TR S TR BE 1Y 10%, ST T S B il (9 58 i,
W52 I PCN-1 AR, W EE R 0.01 ng L7, FLE R
L5 i srir

f# FH SPSS V22.0(IBM Corp, Armonk, NY, USA) . Excel 2018( Microsoft, Redmond, WA, USA) I
Origin 2018( Origin Lab, Northampton, MA, USA ) #k 4 ¥E47 805 504, A ArcGIS 10.2(Esri, Red Lands,
CA, USA) il R A i A B X638 )2 7K 45 PCNs [A] 284 2 8] A K [R] 254 5 28 0 R 49 (SS ) vk B 22 [1]
4T Pearson AT, Forfr P<0.01 3R B I 2500 5C. (o FH B R 38 J 25 X T 5% XS AS [) 45067 1] PCN's ¥
JE 25 S - AT B A3 P
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2 %55 59718 (Results and discussion)

2.1 PCNs Ay & 7K -

ARG R [FIASE 2R 0 R - 15 0 R ASAH (033 - 5 0 0 B i vk 1 o 1 43 BT 7K A vf 75 b PCNGs ] 26477,
Horp Ay 22 Ff PCNs [FIZE9 ke, Y PCNs (4G ik B4 0.31—30 ng-L ™, 1{E°H 7.5 ng'L™". PCNs ¥
JEE 3 AT DL B 1. b VAT v B A v o A VAR L SR TR R BT B R3(28 nge L) 5 R B T
% L =8 A AT R13(10 ng L) 5 BT A KR B ST IERH I BE RS(2.5 ng L) 5 BT K FE
PUPEIX L17 ) PCNs ¥k B2 fe i (30 ng L"), HKCH T EIX L10(24 ng L) 5 AR X L2 VR EE A%, AU
0.31 ng-L™". 5 [ P A FH AL AF 53 AH HEAS BF 58 0 PCNs F6 4 J3 5 31 J2 18 32 7K w19 9 2 (0.006 —
0.85ng-L )" b5t Fe /K Fp i3k (ND—11.89 ng-L 1)U JIRJgiA s 22 ok 3¢ J2 7K Hp i) 94 B (0.014—
0.41 ng-L™") ™ G2 T 74 BE 2 0 A5 85 0 4 00 28 J2 /K P B9 vk B (3—72900 ng- L") A1 HL T 7K A A% ok B
(0.5—79100 ng-L ™). R, BT 7K P Ko 1T 3 26 /2 7K v PCN's 119 3% 32 B [0 P /R G SRk T8
25 S E Ak KT
2.2 PCNs B3 A AiE

M2 HRT UE BT K K BT 2 K PCNs DL — 2 A IR 250 32, 1Y PCNs 1)
99.7%. Py e A ZE M b T AR A ZE AT B s 1Y 2R R 1, PCNs 3 B /K 43 Bid & 28 (1gKow) 3 [ 7E
3.93—7.77(—%&—/\&) Z [P, —4 2 (MoCNs) Fl 454 25 (DIiCNs) () 1gKow {E/N T 5, B 5 Tk,
I HLm S ZETE K IMNR B T SRR A ARG 25, 0 PCNs 768 2K th IR ZE 0 =, i i 8 2602 (1 it
FEAAT U 53 A5 FLAEE, PCNs B % S8R BB A 34, #EK rf 9 A B A8 /N, 5 BRUR A 0k AH il
UURW, PR I i S 25 7 3R )2 K BE AR H SR fIK . AR 5% o DiCNs W6 B e i (FR A 2.9 ng L), o
SPCNs (1) 35.9%, HK & — 525 (MoCNs, 34.2% ) >PH 54 %% (TeCNs, 20.1%)>=4 %% (TrCNs, 9.7%)>T. &
25 (PeCNs, 0.1%) . 76 i K Hi 19 PCNs [R1 264, PON-1 46 R B 8 100%; HAAS: H R 5 T 80% (1)
] 25 %) £, 4% PCN-5/7, PCN-14/24, PCN-42, PCN-37/33/34, PCN-44/47, PCN-45/36, PCN-27/30, PCN-
38/40. BVASKE, FEIX K 27K PCNs ¥k B &5 F b3t 1] 3t 2 )22 7K PCNs ok B2, i (B 52 307G 2 IX
(9.0 ng'L)>FFEIX (8.4 ng' L) >ARFEIX (6.7 ng- L) > LI (5.6 ng L) [ #a #, 1X 5 w B 1 52 (1
W45 AR, bR o PCNs BH72280 A DL Kz PCNs 78 & X A AW SRR, 455 T /K 8ok b 3]
it PCNs (Y7, 3 AT fig 2 5 AEE [X 8 2 7K i PCN's ¢ 3 W = b T 9T 3 A B PR

MoCNs RJ DiCNs TrCNs [[7]TeCNs [ PeCNs
(a)
O e T s W O s O O e W s B e Wl e 100-@ FEFEE o e
80 % % RSN 80 Y ‘ ; 2 RN B
_75 60 % § N N % N NANINNNZ _
g N N\ \ B \ \
:o) 40 /R % N > ZENN \ :o) 40 N %} N %
N - 7 >?> NV ISINNPIAAAN
2047 % ’ ZR% 7 20 ) 217171719 ANV ;
Rl R3 R5 R6 R8 R9 RI0 RIl RI2 RI3 R14 L1L2 L3L4L5L6 L7 L8 LY LIOLIILI2LI3LI4LISLIGLI7

B2 ¥ (a) BITHEEX (b) RJZK T PCNs HX

Fig.2 Relative abundance of PCNs in surface water of upstream rivers (a) and Guanting Reservoir (b)
2.3 PCNs @MY &5
A SCH1R ] Blankenship 552 47 AR RT3 K - (REP) A 2 S 25 2t 5 (PCN-TEQ) L% 1,
HEAXIN (D) Frs.
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R R TNERTMEN 2 AR R LA AN 5 (REP)
Table 1 DL-PCNs congeners and their relative potencies(REP)

DL-PCNs REP DL-PCNs REP

CN-1 1.7x10°° CN-57 1.6x10°°

CN-4 2.0x107® CN-56 4.6x10°

CN-5/7 1.8x1078 CN-66/67 2.5x107°
CN-38/40 8.0x10°° CN-71/72 3.5x10°°

CN-50 6.8x10°° CN-63 2.0x107°

CN-54 1.7x107* CN-73 3.0x10°°

TEQpex = YREP, . C, (D

K, TEQpen M PCNs MM 2 (i, pg'L'; REP 2 PCNs WA X 5% 75 C; % i 1> DL-PCNs HL
PRI R B, ng L

IR BT R X R R KRR T 2 RE R 1) 2 A 2R R 284 (DL-PCNs) 14 24 1 sk 3 UL R 3,
Al L& IRAE 28 R JZKEEH K T 4 A DL-PCNs a4, 435l J& PCN-1, PCN-4, PCN-5/7, PCN-38/40,
Horp PCN-1 il PCN-5/7 & H R 25Tk, 78 LRI 11 4222 K 23 51 5 Y DL-PCNs 1 56.2% Fl
39.9%; TEBE T X 17 R JZKFEP 4351 5 Y DL-PCNSs (1) 49.1% 1 45.9%. HLHEAS H1 43X 4 F A v i
DL K REP {1+ 5 % 2 /K # b DL-PCNs ) TEQ {8, 45 5 W /s BT & IX K& b i ] i > yPCNs-TEQ 4
0.005—0.187 pgTEQ-L™", H{fi -} 0.043 pgTEQ-L™".

PCN-1 PCN-4 PCN-5/7 PCN-38/40
(®)
-

100 g S B R 100 SRR 2 e
5] B ' KRS %
R ’ 558! o
5
801 80 341/ K
s N K
RS oo e ; 3":1 %
B 1 S 3 ARJIKS ,
£ oo : 8 60 B RS 2 ,
2 2 SRR \
E £ %7 Z iie
S 4o S 40 Y
20 % 20 ’ '
Z 7
7 /
Z " 7
0 / /
Rl _R3 R> RG6 R8 RO RI10 Ri1 R12 R13 Ris LIL2 L3L4L516 L7 L8 L9 LIOLII LRLI3LIALISLIGLT]

3 LW (a) . BT X (b) #)27K i DL-PCNs 24 2 4 B2 TR %
Fig.3 Contribution rate of toxic equivalent concentration of DL-PCNs in surface water of upstream rivers (a) and Guanting

Reservoir (b)

2.4 PCNs 154k IR Hr

BT KPE B BRI 2R )2 K vh PON [RIZE ) 2 8] LA S 5 B PR URE ) (SS) MR JBE 22 IR HEA T K IR A%
A S 43 G 25 S 4N 3% 2. 45 5 B 7R MoCNs Al DiCNs (R=0.810, P<0.01) . DiCNs Al TrCNs (R=0.819,
P<0.01) . TrCNs Fil TeCNs (R=0.893, P<0.01) . TeCNs fll PeCNs (R=0.631, P<0.01) Z [f] H.AT i & 4 1EAH
Kotk R EANT AT BEA L[] (1975 Y oK IR, PCNs [ S W)k 5 8017 UKL Y (SS) & i Z AT A B B
FHOCAE, AT REZ PRy U 3 4 b il 580 PCN's 7 38 2 /K 5 B PR AI0RE ) 22 18] 3 T 1) A 8 B P AR S

A W 5T 45 H PIPCN-24/14, 36/45. 51, 52/60. Fl 66/67 M IkEedE /8 ¥, HH J YPCN,,,,. PARE St
SPCN, /> PCNs [IELR W75 Je A V5. 24 H /N T 0.11 B 38 PCNss 75 44K I T Halowax &)V 7= i
MHAEA T 0.11—0.5 Z B B U5 BT G R 5 T be o B2 Fl Halowax Rl ™ &b TR 575 4y 1M LB K T
0.5 if Ui B 75 e Sk IR TR B 72 . AR BF 98 FF Y PCN /S PCNs FAB7E 0—0.31 2Z [i], H{E > 0.19, Hid %
X L2, L5, L9, L16 sifi tefH /N F 0.11, HiAth 24 4 S04 F 0.15—0.31 Z fa], HAEz /N F 0.5 2
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Fh F L0 A T [ A 722 ) Halowa Bl 722 il B0 177 5 0 53, 63 6 Halowax 79 7= it R 51X
PCNs 175 G, (H Al WA HE I # /2 PCNs 15 Gk Z —.
3R 2 PCNs [f]28¥ ik i b H 5 B s ORI 2 1 1) G 2R
Table 2 The relationships between the PCNs congeners and SS

HbrIndex MoCNs DiCNs TrCNs TeCNs PeCNs TPCNs
DiCNs 0.810"
TrCNs 0.950" 0.819"
TeCNs 0.871" 0.768" 0.893"
PeCNs 0.765" 0.621" 0.789" 0.631"
¥PCNs 0.960" 0.929" 0.963" 0.903" 0.750™
SS —0.046 -0.120 -0.003 -0.036 0.126 —0.064

T **FFEP<0.0 17K _E OB i ARG

A WFE K B, 35 A8 B 2 PCNs JG 3 7= A8 RN HE R Al T 208, A8 T KK R gt A kh B
DiCNs—PeCNs ¥ B 2 K IKHE i, 755 28 (HxCNs ) (143 B 34 i B2 A K, {H )& PCN-66/67 (i = 2L HL il
ARHFFE H PCN-66/67 16 FT AT s KRR B A, Fi e T UHEWT IR 5540 35 B A R AR5 o PCNs 975
YR UE. Lin 4529 X2k 0 41 be 2 1 B b PCNs (W HE IS 21T T 8158, & B PCNs DAIRA 2S5
T B AME A AR W47 A PONs, H LIRS 250 35, MoCNs ¥ & f i5 , AR 5T 7 MoCNss 5 YPCNs L
BB, A 34.2%. A BF 5T FRIE 25 P ) i sk b 5k 5K 10 B oy A A B9k . B L Ak TAE Tl Al YT
BN K Tl R K A 1615 K, 2018 4F FEIT i 12 15 K HERL B 20 1425.4x10° m*a ™!, TR K 5 He
14.3%; J& T 7K 28 0978 K] Tk B2 K BT o5 H S5 i, A 22.4%2¢), 32 2 Jit PRl 3 Tl B 3 /KT T e 11
1K AL, i R, ES TG YR T T AR EZ M E X, Z X T 45 Tl Al 4%
Z, R TiZ X 38 R9. R10 FT RIT A5 40 = 4% BE A9 PCNs ] K IR T4 v M A A 75 e . 1
UL I T 7 TG L 3 T UL SR T BT B R3(28 g L) VR B R fmn, SE M R I R3S A3 R T TC IE AE
BT, HAZANE R BUK 2%, 3X AT A8 B T L7 2 15 Y A T] Kk ik /e i R, 3 35OH e M
. P X (L11—L17) B2 (HPE R 9.0 ng- L) i FHAB X I, Hid L17(30 ng L) i A 5 5, 3X A B2
PRI A V8 JEE DX A T 7K I A 1T, il g A AR T I, 2 IX K I 3l AN i, PCNs 7E RS 3 BiCH:
W D v s LV R X (L6—L 10, FRE A 8.4 ng-L™), B RAEIC 3% Al K13 X AL T 5l s b F, ]
LA 322 DX 3ave 2 i o5 ] i A 2838 HE IR DTk, 14 S5 7 o S o AR LA RIS 45 2R . I Ak 2 AR
X E B A ERIL, AJFE T S AL R1 KBRS PCNs ¥ 8.1 ng- L, S5 K T V8 % XA I R3 fifiK
FEH PCNs ¢ 2 (28 ng- L"), 3 Ui FH 7K 3T i )22 [X. PCN's A6 i A 2 ik aze /N 1 K 22 90T

3 %58 (Conclusion)

(1) AHIFFE 6B T 7K R e bl T 3t 28 A v & JZ /K o 75 PCNs #E 47 T 8 . L 4G H 22 F
PCN [F]26%), YPCNs i ¥4 0.31—30 ng-L', H{E K 7.6 ng' L, PHEZBIPEEIX (9.0 ng' L) > FEIX
(8.4 ng-L)>AKFEIX (6.7 ng-L")> i i (5.6 ng-L™") A#a %Y, PCNs ¥ B 55 [ N S K A Fb Ak T P 45
K.

(2) B gE X3 & 2K b PCNs UG ZE (— S —PU50) h 3, RG2S i Y PCNs 19 L4 99.8%. PCN-
1 K 2205 55, A 100%; DiCNs B 5 B¢ 5, i Y PCNs 14 35.9%.

(3) BT K X Je b 3 26 )2 KRR i PCNs 32 B U5 F4R v Mk ot A AN 523 HE L.
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