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Spatiotemporal Distribution and Rlsk Assessment of Pharmaceuticals 1n Typlcal
Drlnklng Water Sources in the Mlddle Reaches of the Yangtze River
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(1. State Key LdbOIleI‘y of Freshwatel Ecology and Bigtechnology , Insututp of I:Iydrdblology, Chinese Academv of Suences ' Wuhidn 430072, China; 2. \thdn Sience dIld
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Abstract; The seasonal \anaj.mn and spatial distribution of phannaceuncjls in typical drinking water soutces ini the middle reaclhes of the Yangize River were ana \zed Jusing
the-solid-phase_extraction and high-performance liquid ch;omatograph} “tandem mass spectrometry methodss/, Combined with the risk entropy method, the (nrrespondlng
ecologigal rlsks for aquatic 'brgdmsms were evaluated. The results showed that 80% of the target pharmaceuticals were detected in the drinking water sources, with average
mncentranons of 0/07413. 00 ng+L™". The concentrations of the target phamiac eun&ﬂs were lower than or comparable with those in other drinking water sources reported in
China,/ Thie spatiotemporal distribution of different pharmaceuticals varied. Gerréféily, the detection level in winter was higher than that in summer, and there was no significant
difference between that upstr.eam and that downstream. This might be mainly attributed to seasonal/regional use and emissions of the pharmaceuticals, the impact of flow rate
on dilution, and the impact of temperature on hiodegradation. Compared with those hefore the COVID-19 epidemic, the detection concentrations of the target pharmaceuticals
were relatively low. The reason for this might be that the prevention and control of the epidemic reduced the use and emission of the pharmaceuticals to a certain extent, and
the high rainfall and runoff strengthened the dilution of water flow. The target pharmaceuticals, especially antibiotics, posed medium or low risks to aquatic organisms
((especially algae). Considering the ecological risks and genotoxicity of pharmaceuticals and the potential risks of antibiotic-resistant genes, it is suggested to strengthen the
investigation, evaluation, treatment, and control of pharmaceuticals in the water environment.

Key words: drinking water sources; antibiotics; anti-inflammatory drugs; seasonal variation; spatial distribution; ecological risk
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PEAKAE 4 U B UCR FIA DL ROK 8 R 4 LK
BECRERE RN 0.5 m 47, B T E I K
FEIEBE 3 I BIAR B b IR IELEEDLIRAE, 12 h
Wiz ] 5290 % 4°C (R A7, 3 T 3 d N 58 BUKRE B
Qb
L2 {56

R 1 AR B - = D g AT B Y
( ACQUITY UPLC H-class-Xevo TQ MS, Waters,
USA) ; [ AH 2E B s B ( Visiprep™ DL, SPUELCO,
USA) 5 AIRLFLAURAL (NK200- 1B, HMH R BRAX 45 A
FRAHE]) ; BEESLFAEUERS(GF/F, 0.7 wm, Whatman ,
UK) ; [EAHZEEU/IME (Oasis HLB cartridge, 6 cc/500
mg, Waters, USA ) ; A HLAE X UEAR (0. 22 pum, 1
LRSI PR A IR AW ).

I bRUE e A f5[E Dr. Ehrenstorfer GmbH
(R 1), 645 2 Fh KPR N R 28 Pk R ?Iﬁ%?
(‘erythromycin] ERY ) 1 %' 21 & #( roxrt'hromyun
RTM ); 2 B i Bl 26 Bt 2 K. %Fﬁ b A
(mproﬂoxacm CPX) FTEGR Vb 2 ( oﬂoxacm OFX)
2 ﬁ'ﬁﬁiﬁﬁ?@*ﬂ;ﬂ:% il R WEE ( %ulfadldzme SDZ)’%I]
ﬁ%ﬂﬁﬂaﬁgﬂﬂé(sulfamethoxamle SMX) ; 2 ﬁl‘lﬂlﬂ%*
ETINACE- lE] IT % ( 0)§ytetracychne , OT(_]_) 7]fﬂ L] H;?f
C) 32 BLHE Y A ¥ 2F Gibuprofel,

( tetracyclirt“é

IBF) AZ5 ¥%2E ( naproxen, NPX) . IR | F BEANL i
R ERLEE JW]@?%.Tedla//_\\—J L HEH 2 PR Y

R Z TR D ATt W 1 8 FE 2 8 AL
FIA BRA H ASE I8 F 4l K BCE Milli-Q 4tk A%
(Millipore ,USA).

KR, EEMRMEKE

Table 1  Physicochemical properties, limits of detections, limits of quantifications, and recoveries of the pharmaceuticals
L] pk, " leK!) K 1 B/ ng FE R/ ng W/ %
1% % (ERY) 8. 88 3.06 5.54 16. 63 96. 40
B HZH (RTM) — 2.75 2.14 6.42 87. 64
IR A (CPX) 6. 09 0.28 0.29 0.88 72.75
AP (OFX) 5.97,9.28% -0.39 0.08 0.25 88.06
Tt i e ( SDZ) 6.36 -0.09 0.77 2.30 104. 99
ik JHie FPY mERs ( SMIX) 1.60, 5.70% 0.89 0.06 0.19 94. 10
ADUIFE (0TC) 3.27 -0.90 2.29 6.86 86. 56
PUFRZE (TC) 3.30 -1.30 1.62 4.86 90. 06
A 35 (1BF) 4.91 3.97 0.25 0.76 118.10
25 (NPX) 4.15 3.18 0.20 0. 60 87.79

1) Z45 K JETF https : //chem. nlm. nih. gov/chemidplus/chemidlite. jsp; 2) 24l K IHT https://pubchem. ncbi. nlm. nih. gov/
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JKBETAL PR F R AR AR BOR 36 1 Je kB
3107 pm BEESLFAEEREIE TR B LB A Y
KA 0.5 ¢ & R V0 £ 1% V4R 78 47 i i,
MR pH 22 3.0 £ty S8)5 HLB /MEH] 12 mL
BN 12 mL M 2K 20 P9 AT 36 Ak, KFELL S

B VA PR AT 4, HLB /N4 TR A
10 mL 4K R SE, 25 T4 0. 5 h. 335 H 10 mL
FR SR, WS A R IO R T, A ML) (R
FLEE R 80:20 19 0. 1% H R A BE) 2% 1 mL, iR
HEIRA) 2 min J5 0. 22 wm A HUHEF R IERSFERL 3
HEREIR AR BT RT - 20°C LA

mLmin~
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IRHE S HT R FH B 130 55000 AH €00 3% - — o DU AT
FEBE Y. 2597F ACQUITY UPLC BEH C18(1.7
pm, 2.1 mm X 50 mm) O3 R BT 5, FEIR A
40°C , 73 M 0. 25 mLe-min ", SFREARFN 20 pL. iF
BRI A 0.1% WR, WM B N
0. 1% WM M e FARA M3 A N 10
mmol'L_laﬁﬁ%ﬁ,?ﬁﬁJ*ﬁ B 4 5: 95(14:*/[3\13[3) A4 10
mmol - L. ™' ZTREZ M Z NG . AS[R] B F R /Y 8 I B
JEE UL 2% 2. 25 ) I A N 7 22 R0 ARG D ASE =X T
11, A F R A IE B A R 2 R s+
B, BSR40 3.0 kV Fi12.5 kV, B F
JRIEIE R 150°C , W AR EE i 350°C, JBE i 5] it i
650 Le-h™" GAEH#H A EH 0. 12 mLemin ™'

#2 AREFERTHRBBE

Table 2 Elution gradient in different ion modes

IEBEF ESL* B F ESL-
mfE WA A WEIHE B WA WA A WBIAE B
/min /% /% /min /% /_%
0.0 80 20 0.0 75 25,
2.5 48 52 3.0 20 80
5.0 12 88 3.1 75 7425
5.1 80 20 4.5 175 25

6.5 80 . 20

AYERRISMRET T A 0705
(B 0/50) ~ 500 gL~ FEI A 2 Z R A1

SFRHARQ. 997 5 ~ 0,999 9 [A]. LI 35 HLAO G52

ME W20 J v A bt R T B L Y
550,06 ~5.54 ng-L"" F1 0. 19 ~ 16.63 ng-L~' (%
1). %50, 100 1200 ng-L ™" 25¥hr A1 L 8
gl Fe 25 Wy v 57 3 MIBCRE LY 72, 75% ~
118.10% (R 1). F34h KRR 5E I 78 02 10 R
25 PN, I8 3 AN AT B s
1.5 ABKE TN

S I JRUBS: 45 D15 o VT Hp i L R R R 7K K YR Hp
AT AR S KU DA 0 -1 XU (RQ) 3
BAKXWT .

RQ = MEC/PNEC (1)
PNEC = Min(NOEC,LOEC,IC, ,EC,,,LCy, ) /AF
(2)

K, MEC R 25 BB SR 5, ng - 17", AR A 45
TRRUBS: 2 o] J B, AR AIF 5% 5 FH 24 W %) e v R R
PNEC 23 T30 JCR0% e B ng - L1, ARHBFFE LA 3 27K
Az AW A I ) o A A 2 XUBG DAY, A 935 8 2K
JC 5 HE B W) A 25, NOEC Sy it oK JC 5% i vk i
LOEC M HAKA R IR B | 1C,, R 2 4 il ¥R i, ECy,
FRERUN R B Ly N B BOEHR FE | X SR R T

| J ~4
i § % -
7 o
LA =
F g P &
i i {
- = #

SCHk PR RE RSB B ECOSAR AL, iy T [0
R Pl AS[ESLEG PR ECOSAR #55845 2 il K
ANTa] A 5% 6 FH 5 0 25 B2 50008 LAOTEAR 3 2ok A=
A W U R AR S KR (32 3) ). AR 1A
R, HAE 35 1000, A 25 KUBS 20 Febn ETn R
RQ=<0.01 B, A= & XU Al Z 0% 0.01 < RQ<0. 1
W ARA S UK 5 0.1 <RQ <1 I, 85 AR 2 XU
RQ > 1 B, AR AR
£3  HYRIKE NN RETN E B RE

Table 3 Minimum PNEC of the pharmaceuticals for aquatic organisms

iy KA RUREY ECs/mge L' SUk
K FMATHE  0.0103(NOEC) [24]
ERY B HEShY) KA 7. 80% [25]
B B 61.00% [25]
B WORISM#E 0. 010( NOEC) [26]
RTM  JTCHEHEShY KA 6. 00 [25]
(RS IR 50. 00% [25]
T e 0005~ [21]
CPX A HEE [ ez 60(NOEC). | [27]
2% BEE 100(NOEC) / 27]
RO Rk 0.016 , _f28]
OFX  JAfifishdl  BUMRIAE 17.4¢° 47 [29]
fa gk _ aEm 1000(1C;; 8 [29)0
Mo st 0.135 .. ~ [30]
Sbz T N 212 #31]
Wy &) o f - 4
wx BERE 0.0268 ~—{28]
SMX L%ﬂ“&jﬂ% W IR 4.50%) 2s]
| it 562.5(LCsy) ™ [32]
W%k T T OCEMASE  0.183(NOEC)  24]
OTC  TCHMEshY  HOMIMSLE 18.65 [29]
[EES T 1 110. 1(LCs ) [33]
B e S R 0.09 [34]
TC  THHESY KA % 550. 002 [25]
03 B 16. 002 [25]
oS FhH T 26. 002 [25]
IBF  JCHEHESIY ESIE] 19.59(LCyy ) [35]
fiES B 5.00% [25]
oS A0 H A 22.00% [25]
NPX  TCHHESIY KA 15.00% [25]
(RS SEIIR A 34.00% [25]

1)NOEC 5 K TG 5 W e | TCq, S 240 i e B, BC, 2 R0 1 e
B LCsy M BOEH 5 2) B R UE T ECOSAR #5%1; 3) “—” o
TeH

L6 Zitoth

SLH R SPSS 23. 0(1BM, USA ) #4748 3
ST, 25 Z 18] A S PE SR Spearman £ 56, 2515
£ 5 PERH Friedman A CHEAKS 55, 25 0] 22 45k
H Kruskal-Wallis H 20 57 A ARG 55, i e il 48 72 155 Hif
JG 259 ) 22 2R T Wilcoxon AHICHEARKG 56

2 HR5R

2.1 PRI 259 B K H K
TER VT A i LR AR P /K K R rh Gt 8 Fh H AR 24
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BUARYR KA YR A 25 B 25 53 A K KU PEAfY 2999

Yy, e FESE-YIEAE 0. 07 ~13. 00 ng- L~ 2Z[8], 1 i 1
FABAT W% 25 5% 5 (112,03 ng-L7") AU EKR Z
(19.03 ng-L™") , HALTE <LOD ~9. 10 ng-L ™' Z ).
5 1 PR R A A b R R AKOK IR AR B A R A T
SRR (£ 4) . RISNEREHTAE RN H T A
KT B BT, 2155 R M 2055 Rk W i
KAEAG T Az H BR. ﬂffm@ﬂé@hi?ﬂfﬁ(' )
& &SR, 04 Efﬁmm%¢ﬁiﬁ
%“]‘Tﬁ%%ﬁ@iwlmwﬁ Wb A
(66. 67% ) For H 28 2 58 K 114 Jie 1R it i s g it
Gl S A Sk 2 e el = N 1 O V0 e NG
BT MUK 3550 B TRRE R &, R AR, 7
TR DK I 58 v G H SR RDAG R B A 0B
AT ZE e i R g s (A HH Rl 100% . DU IR 2K
PR TSR, 2T ARETTNES
FRhA; TS KR GRE A E R DR b K
HKP— AR AR 712 RS T R R
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Fig. 2 Spatiotemporal distribution of the pharmaceuticals in drinking water sources
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Table 4  Detection frequencies and concentrations of the pharmaceuticals in drinking water sources and the comparison in China
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