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Abstract: In order to study the pollution feature, the pollution source and ecological risk assessment of polycyclic aromatic hydro-
carbons (PAHs) in waters of Amu Darya Basin in Uzbekistan, the concentrations of 16 priority PAHs were determined by high-
performance liquid chromatography-diode array-fluorescence detector ( HPLC-DAD-FLD). The results indicated that the total PAHs
concentration in the surface water of Amu Darya Basin ranged from 3.19 to 779 ng/L with an average value of 98.4 ng/L and a me-
dian value of 40.1 ng/L. The monomer concentration of PAHs ranged from 0 to 333 ng/L, the monomer PAH with the highest con-
centration was Acy. The five monomer PAHs of Flu, Ant, Fla, Pyr and Chr had the detection rate of 100% and the monomer BbF
had the highest total amount. The total concentration of BbF was 786 ng/L with an average value of 15.7 ng/L and a median value
of 2.79 ng/L. The PAHs with 2-4 rings had a similar concentration with the PAHs with 5-6 rings, while they had significant
differences in each sampling site. The sampling sites with high concentrations were mainly concentrated in the cities, agricultural ir-

rigation areas and the Aral Sea area of the Amu Darya Delta. Compared with surface waters in the world, the PAHs concentration in

« 2021-02-24 i ;2021-10-14 Y& ik k.
o Rl B AR M S R R A 28R T (XDA2006030101 ) F1E 58 [ SR FH# 34 101 H (U1603242) I & 5 1Y
wx MAFEVEF ; E-mail ; mjin@ niglas.ac.cn.



856 J. Lake Sci.(#:aF3) ,2022,34(3)

Amu Darya Basin was at a medium level. According to the relative abundance, molecular diagnostic ratios and positive matrix fac-
torization analysis, the PAHs in Amu Darya Lower stream area mainly came from the biomass combustion while the PAHs in the
Amu Darya Delta came from the biomass combustion pollution, combustion source and traffic pollution, affected by human activity.
The results of ecological risk assessment indicated that Nap, Ace, Phe and Ant had a low ecological risk and other monomer PAHs
were at the moderate risk,, but BbF had a relatively high-risk level. Overall, the ZPAHs were at the relatively low ecological risk in
the study area while there were still 12 and 8 sampling sites at the moderate risk 2 and the high-risk level, appropriate control
measures should be considered to prevent further pollution.

Keywords: Amu Darya Basin; water; polycyclic aromatic hydrocarbons ( PAHs) ; risk assessment
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TR S 2 R A % 4635 < 1F & %6 ( n-Hexane ) | I ( Acetonitrile ) | 1 fi5 ( Methanol ) | — 48,
1 4% ( Dichloromethane ) . 16 F 3¢ [E H{RES (USEPA) L5 1t 2 3755 42 (PAHs ) ¥R & 454F , A 45 %% (naphtha-
lene, Nap) .ji (acenaphthene, Ace) .J& /i ( acenaphthylene, Acy) .Z%j (fluorine, Flu) .3E ( phenanthrene, Phe) |
H (anthracene, Ant) %% & (fluoranthene, Fla) i (pyrene, Pyr) J3f:[ a] (benzo( a) anthracene, BaA)
(chrysene, Chr) Z&3f-[ b] 7% (benzo(b) fluranthene, BbF) . ZEIf-¢E (benzo(a) pyrene, BaP) Eijf-[1,2,3-c,
d] ¥ (indeno(1,2,3-cd) pyrene, InP) , 7K Jf: [ a, h] B ( dibenz ( ah) anthracene, DahA) FIZEIf[ g, h,i] 3k
(benzo( g,h,i) perylene, BghiP) , 2] F 35 E Accustandard /3 &].
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Fig.1 Distribution of sampling sites in Amu Darya Basin
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THE 100% , 4EHF 10 min; DAD Kl Ky 238 nm , ZEEH MK A b AL
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L. 16 R FAR X AR AER 22 RSD {H7E 0.5% ~2.3% =[], 75 125 = LAJC B ARSI K o o, Inx [l i 78
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1 1 A[, 16 Fh PAHs 75 K ZHOKARE i o 44 H6 Y BF 52 IX K A i X PAHS 3 8 35 i 3.19~779
ng/L, I (E RN FALAE 53 51k 98.4 1 40.1 ng/L, B BEEFE 0~ 333 ng/L, K v B2 fie i 19 B4R Acy. MU
PAHs 4% LR MK Z SR A0 1T LA H A S R B RG H R 100% , 43 312 Flu, Ant ,Fla Pyr Fil Chr,
B BOF RS 3l 98% , (EURG: H B 5 5, K RE H BOMR B D 786 ng/L, SEHME M 15.7 ng/L, Hi{E K 2.79
ng/L. 754k, DahA BghiP InP 3 Ff Sy it (6 R, 23 51k 76% (73% il 61% 3% T8 il TR T 12
PR A LA 3 B GV RUK B, T 5 A TRk R v T 6 4 T ik 2 3R 05 42 LA AR B AV e N K
KA AR EAE . 2 1 IR PAHs (5~6 3F) SRR RER PAHs (2~4 3F) SORBEAIT , (H4%
AR JRAS S R, T ER PAHSs YR IX AR, WA ST IX K44 PAHSs Y 25 [R] 24 7 K.

e 1 BT AT oK A o PAHS A6 I BT

Tab.1 Statistics of PAHs concentration of water samples in Amu Darya Basin

PAHs HEL WHL/ (ng/L) BB/ (ng/L) ¥/ (ng/L)  H{ifE/ (ng/L) ZERARE/% AR/ %
Nap 2 ND~20.0 194 3.88 2.19 124 96
Acy 3 ND~333 594 11.9 4.29 392 96
Ace 3 ND~4.41 71.9 1.44 1.28 61 98
Flu 3 0.15~8.52 140 2.80 2.40 62 100
Phe 3 ND~17.6 151 3.02 2.66 79 98
Ant 3 0.11~3.38 34.9 0.70 0.55 79 100
Fla 4 0.90~77.4 238 4.75 1.91 235 100
Pyr 4 0.94~48.1 229 4.59 1.83 175 100
BaA 4 0.49~64.03 324 6.48 1.13 194 98
Chr 4 0.23~68.5 344 6.87 1.02 199 100
BbF 5 ND~ 194 786 15.7 2.79 216 98
BkF 5 ND~70.9 327 6.54 1.25 204 96
BaP 5 ND~73.3 347 6.94 1.38 220 98

DahA 5 ND~17.7 115 2.40 1.25 142 76

BghiP 6 ND~ 132 572 12.2 3.32 198 73
InP 6 ND~154 571 11.7 3.39 216 61

2~3 3% — 2.49~349 1186 23.7 12.8 - -

4 34 — 2.56~145 1137 22.7 6.37 - -

5~6 3% - 0.64~636 2718 54.4 11.5 - -
> .PAHs — 3.19~779 5042 98.4 40.1 - -
“ND” IR ARAG 5 " KR IO B AE.

NS SR 5L PAHS (1 S BERT 16 Fh e v B (18] 2) 7T LU i, PAHs ¥R BE58 iy (0 SRS R R E A A =
£ X3, 3 {E R 104 ng/L, HP{H R 41.5 ng/L. R B X 3k PAHs W BERAIG , 39BN 47.4 ng/L, N
33.4 ng/L, 5 Sk AR U B T R L3 X AR AR L LR = A X PAHSs Y SRR 12.6
~T79 ng/ L, ¥ B 45 1 (0 SRR o FE A v A SR T JR 300 o4 by T VR X % ] 9ol Vi 40 3T X35, B v R o7
T 31 RBE IR AT G ( Chimboy ) BT K 10" R iEMELR , He J8E 4351 779 1573 ng/ Ly = A IX dal e Ji 4 1%
) SR AR a5 BT BT S S = AN G AR DX . R T BOR AR S PAHs WA IR A EE T3
AR W I ( HHBIAE 46" AL 5 M N 76.5 ng/L. A MFFERII kb PAHS ¥5 YL 18 i 3wl L
% PAHs SRR 4 A IKF 205 4 (10~ 50 ng/L) FREET5 Y% (50~250 ng/L) (HEETS 44 (250~ 1000 ng/
L) F1EE V5 4 /K- (>1000 ng/L) . AFFE XK 50 ASRAE S ik B85 5 Y 31T 18 A4S, 55 5 AN RFE S 4t
FHEF PAHs 75 /KO-
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Fig.2 Total and mean PAHs concentrations in Amu Darya Basin

(ADD: Amu Darya Delta; ADL:; Amu Darya Lower stream)

2 2 B TSR ROK AR 5 5 R [R] DX 3 TR I S K A4 o PAHSs 1) ik BE v ] B ST 24k B
P N R B T Tl A X K A P A s e FEE i 45 , T ] AT sk PAHs SF- 373 1 K
AR T BT = A BRI (Kor River) it X, I3 A% T A 7K ) RS 4 B &2 X 22 #58T ( Gomti. River) &
e W4t Z F W 4k R 1 ( Winam Gulf, Lake Victoria) ¥ 1 X3 i PAHs ¥ B, {H /&5 T~ 38 [ A 50 v Vg b IX 5=
W45 97T ( Susquehanna River ) FI7E [ B 6] #1 g 2530] ( Elbe and Weser Rivers ) 25 3E 3 7 b [X. ; [7] B By 46kym]
TLA A PAHs e BE RS- 25 B 349 w8 1 [R) Ak 1m0 B IX A s 5% 5 0T HH 0L JR g A0 3 35 ( 11i-Balkhash Basin) |
5 BV RHEHNS (Todos Santos Bay) | i E VLT % 32 i LA B 3 KM S (1R B[ 1 (‘Tiber Rivers and estuary )
SRSk BEAHGE , AT T, 5 AT X S L, BT ARRT 25k PAHs Ve AL T rp 85K T

e 2 A [A] XK AR 22 B 05 4 S vk B T4 B ) L

Tab.2 Concentration ranges and mean values of PAHs in the surface water from recent studies of different regions

o Xk A WZYEHL/ (ng/L)  FHIMi/ (ng/L) Ex SCHk
MEHH o AT 378 358, 3.19~779 80.3 13,95 5 75 4 NI

L R -3 i Ja 7.58~70.9 32.3 WA % BT 1H [22]

ES30) 61~207 134 RE s3] [23]

A A 60.0~84210 10330 EjjiE [24]

3R 47.3~385 142 i [25]

AT 0 37.3~285 78.3 [ [18]

B = A 50.0~4050.0 590 [ [26]

HHEE 25.6~301 76.2 ] [27]

B 5% 0 45 0 4T 17.0~150 67.0 ESE| [28]

R 7.6~813.0 96.0 R pYE [29]

el BT K] P X 1.75~608 90.5 T [30]

5y LB 10.0~40.0 - 12 ] [31]

LR 50.6~120 - i [32]

Z I 25~1208 123 A [33]

|l Ak 2 )V ) 2 g S 3320~47600 — HRT [34]
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2.2 AE) 7k PAHs B B4HE R SR B fRHT

MBI PAHSs HEFTFALR 502, MR R ZE PR 40 PAHSs A2 B AT 04 40T PAHSs i ™ F
TiEInT B = AN B A X K (A PAHSs (1B AE W &L 3 BT 7R , T A R AR s K R H PAHSs ) 40 B DL AR IR R
PAHs (2~4 3R) /5 Homs 75, Horp N Be sk /& PAHs 41 3 ¥f PAHs ( Acy,Ace Flu,Phe Ant) /5[t K
42% , Kt S due m AL A8 Phe Fll Flu. Phe 38 % 5 (5311248 7= 3¢, 100 Flu (7= 42 0] 5 42 4 SRR B ¢, %
RH 32 X35 R BEA7 A AR IR BE TN AL 4 R 58 35 4 s =M YN X I8k & PAHs ZH A 5 3795 ( BbF \BKF ,BaP , Da-
hA) 5 HefReir, o0 32% , HCh 4 3R (Fla Pyr BaA [Chr) F1 3 38 PAHSs, If & FL 65143 314 23% 1 18% , K I iZIX
BUK R PAHs ZUEFAA R RIA M B4 W) S FE IR T IR 58 SRR, 8 /K 7R 9 4 JRLLF PAHs 1
WREERE T T 5 AN 6 8 PAHs (5 AR /K AR , 207 B2 N G 1Kk 0 382 1 e 2 T 7 R S BTl I e 445 , His
Yy E B AT R B IR TS YL L L =N X R 12 AN SRAE A5 KA R R PAHS e TR
IR PAHs, 3 H PAHs [ 75 YA Bt b T4 75 A 7K1, 3B SR o (o7 = 2057 T34 4 vp ARl E X L % 3
Sk S 3 AU K TR X8, T 652 31 58 1 | Tall B 0 5% RE R A 35 e 0. BT IT = 1 9 RS e T B R I Js ok A
PAHs 4% i 4318 B B AR S (P>0.05) , 36 B =MW X K 14 PAHS (75 JBi R e BOC AN, il fi e
Al IS YL IR AR, TR BE = £ DNt X DR R AT A O B b, B3R R B R, K A X A T B A R
FRUET TV K T SR AWK B i ol T FH 7K 1 37 452 i PR S B 4 X Jsf /K B 355 rp PAHLs 6

23FPAHs
3¥APAHs
43FPAHs
5FRPAHs
63/ PAHs

18.39%
(b)

Pl 3 BT BRR] T T Be DX () LK = Ao DX 38R (b) PAHSs 49 57 20 1
Fig.3 Composition of PAHs in the Amu Darya lower stream area (a) and Amu Darya Delta (b)

FIRT B AR AT 7 12308 A 475 ) 4 SR FE AR, R 9 IX R ] K RE T [ 43 S A & Ant/ ( Phe+ Ant)
1 Flu/ (Flu+Pyr) (9 AR WLIE 4. — A 24 Flu/ (Flu+Pyr) FAE/N T 0.4 F, PAHs 3 BORIATF £ i &
A FOIR , 24 Flu/ (Flu+Pyr) ol AF 0.5 BF, PAHs 32 2236 U5 00k 5 FI AL 5 BE AR ZE PN 19 A= 400 ST BR s
4 Flu/ ( Flu+Pyr) FLEA T 0.4~0.5 Z [a] i, 320 PAHs = ZORET & IR BREE , AL IR ¥l S8 il A sl 1 ke
PR MLEN 4 A HERL, [AlAT Ant/ ( Ant+Phe) A9 FLAE/NTF 0.1 FIRTF 0.1 4331403 PAHs (A R IRE AR LS
SRR, fa & 4 AT, 5 AR T e B X 45 PAHS (%) Ant/ ( Phe+Ant) F1 Flu/ ( Flu+Pyr) {4 FL{E 4> 5 7€ 0.1~0.3
H10.4~0.6 Z 8], = ZLEE P 7SRRI, 7T DI IX /K AR i PAHs 2 2SR 5 T 0A b, L 32 B2 Ay 0 o i o K 55
AW BRI = A XK AR T PAHS 1y Flu/ (Flu+Pyr) HE TR B8 0RE U/ T 0.4, BB XA
IMIRTG YL, 454 Ant/ (Phe+Ant) FUAE AT LK 5 BT AEHAT = £ 0 0 32k H 350 4 b X 77 76 %5 PAHSs (0419 S5 8056 R
BTG Ye 2 5 oRFR LAY 15% 2o A5, Hoth SO0 40 b X %) PAHSs A5 IR TBEKE, 29 40% 1) s X K R & op
PAHs SR I5 5 2838 15 Yo 3¢, FUIETE S kb ST 50 UE T AR X 2 vk w4~ X 38, PAHSs e i) 187

K FH EPA PMFS.0 A58 740 2351 ] 0] R e ] B3 A0 == £ U 3 DX K (A b PAHs Dk U AT 5 45 40, 465

T AR P A5 KR PAHs BT C MBI SE JE U, , Horb 2 CAR TR IR (MDL) 1, 1] %MDL

5 . 1 . N
OB, AT E R U, 315 ?MDL;%'IC%?MDLE#,J”JJUM = \/(EF S0) + (TMDL)2 X, EF iR
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Fig.4 Cross plots for PAHs isomeric ratios in sample sites of the Amu Darya Basin, Uzbekistan

ZHL, — A T 0.05~0.3 Z (i), KBTS EF 5 0.2 5 Mot I 7% 2~ 6 23 B A7 % A8 5, M 408
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Attached Tab. | Retention time, recovery and relative standard deviation of PAHs

PAHs PR B []/min T4/ % R/ % KR/ (pe/L)
Nap 6.3 80 0.59 0.15
Acy 6.9 80 1.4 0.40
Ace 8.1 83 2.3 0.38
Flu 8.5 83 2.2 0.33
Phe 9.5 93 1.7 0.21
Ant 10.8 83 0.53 0.13
Fla 11.9 84 1.9 0.37
Pyr 13.0 104 1.6 0.28
BaA 16.8 89 1.3 0.20
Chr 18.1 94 0.5 0.17
BbF 20.8 92 1.9 0.31
BkF 22.7 90 0.55 0.12
BaP 23.9 91 0.65 0.13

DahA 26.8 89 0.61 0.35

BghiP 27.3 85 1.4 0.37
InP 29.5 93 2.3 0.41






