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Abstract In recent years, with the economic and social development in our country, the attention of the public to emerging pollutants
has been increasing, and the emerging pollutants treatment has been elevated to the national strategy level. However, the research on
the distribution characteristics of emerging pollutants in China are mainly concentrated in the river, aquaculture areas, and wastewater
treatment plants of southern region. In this paper, the entire water supply process of a typical resource-based water shortage coastal city
in northern China was selected as the research object. Four main sources including local runoff water, Yellow River water, and the
South to North Project water, emergency seawater desalination water were selected, four main water treatment plants and two
representative pipe network sampling points were selected, and 23 representative emerging pollutants were detected by using gas

chromatography, gas chromatography-mass spectrometry, and liquid chromatography-mass spectrometry, and studied the distribution
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characteristics. The human health risk assessment was introduced to evaluate the risk of emerging pollutants in water. The detection
results showed that two sampling points located at the two sources of local runoff water and Yellow River water mixed with South to
North Project water respectively contained 4 and 2 antibiotic-type emerging pollutants, with concentrations ranging from 18 ng/L to 56
ng/L, and the human health risk quotient was 7.7x10™ to 5.4x 107, which was at a low risk level. No representative emerging
pollutants were detected in the treatment plants effluent water and pipe network water, indicating that the ozone-activated carbon deep
treatment process and membrane treatment process can effectively remove the detected antibiotic-type emerging pollutants and reduce
the risk of emerging pollutants in drinking water.

Keywords whole water supply process emerging pollutant antibiotics  distribution characteristics human health risk assessment
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Tab.2 Details of 23 Representative Emerging Pollutants Detection Methods and Instruments
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R3 HARHIE R A R R 5 T R R H FRT RSD

Tab.3 Correlation Coefficients, Recoveries, Measurement Lower Limits, Detection Limits and RSD of Selected Emerging Pollutants

75 Kzt H R? - IR ME TR/ (ng-L7")  FHBR/(ng-L7") RSD
1 T % 0.999 0 85.2% 80 20 1.5%
2 VAVAYAY 0.998 5 86. 3% 80 20 1.2%
3 SR 0.995 6 90. 1% 280 70 4.2%
4 MFE 0.997 7 84.2% 40 10 3.6%
5 NI 0.9955 78.3% 460 115 5. 8%
6 2K G 0.998 8 79. 6% 110 27.5 3.3%
7 a—fiift 0.998 7 90. 4% 140 35 4.7%
8 AR 0.997 7 91.2% 180 45 7. 4%
9 25 0.996 5 81.4% 10 000 2 500 6. 6%
10 WLE A 0.994 4 78.3% 480 120 6.7%
11 i i FY 0.994 6 70. 2% 5.05 1.26 8.2%
12 i e ) — PP A i 0.995 8 105.3% 4.23 1.05 4.7%
13 it e 48 — Y 4a Mg 0.996 5 104. 8% 4.52 1.13 7.4%
14 fitk e — F W I 0.994 7 77.5% 5.49 1.37 6.5%
15 i i e 0.997 7 72.5% 4.04 1.01 5.1%
16 ARV E 0.994 0 92.3% 4.22 1.05 5.6%
17 Wb A 0.996 2 103.5% 4.19 1.04 7. 4%
18 EINISRUg 0.995 6 88. 1% 4.08 1.02 8.1%
19 +HR 0.996 3 71.2% 4.25 1.06 6.3%
20 AR 0.993 2 69. 4% 3.70 0.92 6. 4%
21 TR 0.993 4 74.1% 4.30 1.07 2.5%
22 BUFHER 0.997 7 76.3% 3.63 0.90 8. 0%
23 AER 0.995 3 80. 1% 3.75 0.93 2.7%
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Tab.4 23 Representative Emerging Pollutants A;; Values

x4 23TREMFIS Y A, H

E Ry L] Ap {8/ (mg-kg™") EREpL Apy {H/ (mg-kg™") e Ap {8/ (mg-kg™)
T R 0.01 280 0.02 B2 NISRUd 0.1
VAVAVAY 0.05 XU A 0. 004 +ER 0. 003
I 0. 000 1 i i P e 0.1 AR 3 0. 005

Mt 0. 008 il i ) — P e 0.1 TR 0.03
RER 0.000 1 il e — FH m e 0.05 POBHR 0.014 5
Gl 0.000 1 i i v 0.02 AHER 0.002 5

it 0. 006 SR 0.1
P IR ol 0. 000 3 WR T A 0.035

R 5 23 BACERMEHTE Y WE A K R O A5 P A 20 Af

Tab. 5 Distribution of 23 Representative Emerging Pollutants at Sampling Points in Various Water Supply Processes

2 HURE S5 AR/ (ng-171)

s R H
A B C D E G H I J
1 T T ND ND ND ND ND ND ND ND ND
2 VAVAVAY ND ND ND ND ND ND ND ND ND
3 JCIGH ND ND ND ND ND ND ND ND ND
4 Mt ND ND ND ND ND ND ND ND ND
5 FNEA ND ND ND ND ND ND ND ND ND
6 2K G ND ND ND ND ND ND ND ND ND
7 a-Hift ND ND ND ND ND ND ND ND ND
8 P I Tl ND ND ND ND ND ND ND ND ND
9 2 ND ND ND ND ND ND ND ND ND
10 XU A ND ND ND ND ND ND ND ND ND
11 ik iz Y S ND ND ND ND ND ND ND ND ND
12 Tl e ) — P S e ND ND ND ND ND ND ND ND ND
13 Tl e 408 — PP S e ND ND ND ND ND ND ND ND ND
14 it e — Y W g 18 ND ND ND ND ND ND ND ND
15 ik e ND ND ND ND ND ND ND ND ND
16 E=8 U ND ND ND ND ND ND ND ND ND
17 R A 44 56 ND ND ND ND ND ND ND
18 AT ND ND ND ND ND ND ND ND ND
19 T&HEE ND ND ND ND ND ND ND ND ND
20 RS 50 ND ND ND ND ND ND ND ND
21 TOMRER ND 30 ND ND ND ND ND ND ND
22 BUBEER ND ND ND ND ND ND ND ND ND
23 ABE 16 ND ND ND ND ND ND ND ND
T “ND” AR BARBUE W% 3 ikt b
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44 50 .16 ng/L; B K JEHAS H 2 i &, 405k
WU E UMER K58 56 .30 ng/L, 45
R LRSI H 48 T e BB TR R R BE AN AL 3 IR

B3 A BKUEHHTTS Y RIS
Fig. 3 Accumulated Mass Concentration of Emerging

Pollutants in Water Source A and B
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FT6 A AKUFHL RS H BT TS Gl A A i 5 XSS 7
Tab.6 Human Health Risk Quotient for Emerging
Pollutants Detected in Water Source A

A% BoHERL BB/ (ng-L7) JRUR T
it g — Y s i A 18 1. 1x10™*
R R A 44 3.7x107*
EARTE A 50 3.0x107°
ARR A 16 1.9x1073

RT7 BRI R BTG G N A RR XU 7
Tab.7 Human Health Risk Quotient for Emerging
Pollutants Detected in Water Source B

EIINASE BB S R/ (ng-L7") Pl saeE]
WY R B 56 4.7x107*
TRER B 30 3.0x107*

TE A B /KR b K Ho: BT AR 2R O M fik
XS TTH 7. 71074 ~5. 4x107°, Hh 20 85 £ 1K
B, W R R AE A B KR IR X
Bo B S R IR 5. 4x107° 1 7. 7107 i/ T
1, AT Y A SRR >0 % XK K R s
B AR B RS R A TR AT AKSF- . 45 ) KRN
G A AR i 2 A A TS e, T e B 4%
AU P R R B A BRI AL B T 2 1K) T2 b 3
Jei , AT AR bk A B A RIS e R T

R AHTS e AR
2.3 HKkERBEIHTEYENLERITiL
2,31 ZKUEHoAS I 45 AT

TEXHZ DAY FE KR (A B.C.D) [ 23 Tift 3
PEFTTG YR I rp A KRR Y 4 R R i —
FHEELE R0 R A B R AR R, fthaa il
18 .44 .50 .16 ng/L; B /KA H 2 Fpdi A 2. 5 w0
B AIREZR K i 4028 56 ng/L Al 30 ng/L,
C.D KIFIARA R 23 TE5 4,

FEOKIE R POPs [EDCs 288175044, Ui
W] POPs \EDCs 45 1) PR FH7E 2 X HAS B aF 45 51 9t
A R HRHTTS G AU ) B ROk TR, R F2 2L
KA B) kil sy AE R I H , BRSO
R (ng/L) (ANTHEITREMN, HRiREUER
Al 4 iz, N & HE Y b A R R R R v
=8 BB R SRS R R K R
PrAERMEERE, A KF—AR AR K%
BN PR E /NIRRT 8 v S 8. 1115289 I ORI B/ TN i
AR T L SR A A b A 2 0] 1T R I R A
B AR HTG J R, B KR Hh— &8 T K
N ALK B AR R A O, JE A A A /N
& RGN, A I IROK IR, I HIOK
K B ] KT R K A eV R i e
DR AR R G D 235 5 RO S iR e e AR 3R (A0 se Ak
BR ATES)EN MR B s b, 5
Bz N TR A 56, 5 P XU AR I R
S X PR SRR, B E EREDN
G P RES 7E fa 2 SR il A Y e R Y
BRI /K IR b3 A 5 v b B A 3R YT
DR P A R TG e e A Y €K
i ——A K JZE A D 7K IE——f 7K K 35 R A
i 23 TR S HTIE G, UL AR K IR 2K ER
BT
2.3.2  KJTHIKAG I ZE A

LR FEEK) T E F .G H ARG 23 Wit
MGG, LA B KA FE KRR ELF K
T YA R TR AR - T2 - S R AT T e R A
BT 2, L X 8 Ts Je BAT B f s R, i A
FE TR K 2o 3 1 PR ST, 5 508 T e
XUSEE |y e (AR 45 ) A5 H BRI A I
N 7K A DL E A BUR R 5 T A AL R
PG PR BFE N FAE ALY, H B R AR RO
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X mE 4 iR,

B4 SRS SRRAR SRR B A I 4 B S A S

Fig.4 Direct Oxidation Reaction of Qzone with
Carbon-Carbon Double Bonds and Phenol
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(1) FEIZT 2 KU (A B) KB LG
TS RhbLA IS Y, TR E Dl 18 ~ 56
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