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Abstract

Fifteen groundwater samples were collected in two cities of Haihe river basin and fifteen
groundwater samples were collected in one city of Song-Liao river basin in 2017. Twen-
ty-three pharmaceutical and personal care products were extracted from groundwater sam-
ples by solid phase extraction (SPE) and then analyzed by high-performance liquid chromato-
graphy coupled with tandem mass spectrometry (UPLC-MS/MS). A total of thirty groundwater
samples were collected in 2017 in Haihe River basin and Song-Liao River basin. In Haihe River ba-
sin, ten of twenty-three PPCPs were detected with the range frequency 6.67%~46.7%. The PPCPs
with highest frequency and mean concentration were oxytetracycline and chlortetracycline, re-
spectively. In Song-Liao River basin, nine of twenty-three PPCPs were detected with the range
frequency 6.67%~66.7%. The PPCPs with highest frequency and mean concentration were oxyte-
tracycline and caffeine, respectively. An environment risk assessment for the maximum detection
concentration was undertaken using calculated risk quotients and indicated a low risk from 23
PPCPs in groundwater of Haihe River basin and Song-Liao River basin.
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1. 518

259 54> N33 5 (pharmaceuticals and personal care products, PPCPs) & H Rif #R 54T 78 i i,
HAMHZ WAESTHE BB TSR AL [FERACHA(BRFS). 28I E Y (PFCs)5 141
NFRES A LTS Y. PPCPs f 5. /2 i1 Christian G. Daughton 7£ 1999 4E i) ¢ Environment Health
Perspectives) H#EtH1[1], BEJS PPCPs Bl AL 54 NI 81 5 & A LRl 5T iz 82 3 H .
PPCPs T ZAHE NRMHAZAMMERZY). MAF RS, WAHKERPAER. IFA. JUBIRZ .
FeIRZh . -2 ARBHT . TH A 25, WEZ25%%, A A (personal care products, PCPs) 3= B ALFE A M i «
FEN BEAROK. LR HEER2]. RERGWFRIUERAYESEHKE, 44 r-&
TR 20%, Ho AR 25 v sy 20 1500 F[3]: [FIF, FRE PCPs JHFEE 5 &R AEE L
B IR T 3£ 5 (19.1%) M H 45(9.4%), 4 6.5% [4]. K#El45r PPCPs 32 I4H, {H2 PPCPs 7E N7,
AV B B PO IR A S K P IR S S Bl TR A R R AN R A A LR AN W b N K IR EE R, i s PPCPs
FEIREE ) “ARMERREENE” IMR[5]. FEE LTI R RN RATEACF AN &, PPCPs i ] & 2o i
KHEK, XHf315 PPCPs fEM I i KIALELE[6]. BEAE TR AR AT & R, 1EVE 2 IR/ i h 3
PPCPs K, wnthR/K. HUFK. J57K. TURW A& HIEEE7]. S0t AR EEHEEE KA b T2
B BRI PPCPs X A S AFAE R E XS, MY LB S EABAEARST N, AR
g R A7 AE — 5 KUK [8]

HAr, A2 XK KR R K C4 23] T PPCPs 175 4%, WnZeitis KALEE ) Ab3 T 284 B
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B Af A2 BRI PPCPs REIE NBAE L KA FRAE TG /KA BT V5 3e 1 1) PPCPs 1 i v Ve 4t H 4
TSNP N IR, @ KRR A RIS E R R KIS A, BRI 5 R BT i
K PPCPs [1175 %%, 3% E 5 1 25 5 78 2000~2001 4543 Bl 8 2 7 36 [ 74 MR /K IEHUAT 47 AN R 7K A
PPCPs AR, AL SR TR, TERTRAERE S, BRI . = SUAE . DN CRIRAff fi R S R 25 PPCPs
AR, H BB ARG H IR B A (13,15 pg/L) [9]: Loépezserna Z5[10]7E PG ¥ A [ 26 % 5k T 7k vp
X} 72 Fp PPCPs 47 1 IE, KRIMPIA RS DIED IH KPR HI5 4y, Ha R A E] 1000 ng/L.
Peng ZE[ 11754 H [ )M 47 3 SE BRI B 3 K b PPCPs #EATHIF ST, KRENZLF . Bohfii Home . UEme
IR = SRR A TR R, BRI R 7K PPCPs K40 #04 ng/L 4, {E & TE & /K v,
PPCPs S8 &t iz ki, Horbr, Mlfiic FOWG L . DI RIAR & 25 F o RIR BEEEIE T 1 pg/L. Kibuye 55[12]
AT T R E—V5 /KA E ) K 20 PPCPs &, XK [a148 A5 K AL B HK BRI X 13 A4S
Hy R KRR S BEAT ARSI, IR B S HEAT AR RS VR, PP S R BN, TEUKALER) T /K PPCPs XK A A
TEAE S al e RS, 78 1 T 7K H B 7R AR RS

HAT, FREETH T K H PPCPs AR S AR VE A B AH S ALk st /b, T PPCPs 7EFR[H T
IKHAELE P TE XS PO 3 KB BT &« AR A R E 16 77 #8077 R 7K o PPCPs IR AEHR 0 A 8
TR, ANHIF TG B At ds 2 AN B HE IX . FAIT RIS 1 AN BB HE IX L R AR A %, JFJEHL T
/K PPCPs (RGN TAF, 35 A RQ BALNH b R /K o PPCPs W 72 KU kAT VEA, AHNIRE AL 7 3 4~
RAIX $5ith T 7K PPCPs AR A 8 78 RS S A0t SCRF, TR D9 3 K B VR R B B R R S
##,

2. MRS7%E
2.1. REER

AW FCEBEET IR A TR B T AL C O T X 8. A TR T IR E AL TR X, L
i REE BTRETREHX, KEEEAL, SWE2E T EMKEEREN 17.99 2 m?, M,
MR KRN 11.62 12 m®, #TF/AKBEEE 11.91 12 m® (K. HF/KEEKE 55312 md), Ak
VR GRS, NREETRAKCFR U5 B hihE E AL X i, I m e, Rk
F 500 km? (R A 6 4%, K TE MR 16.40 12 m?, # R/K VR 7.45 12 m® bk, #h Rk B E & 3.59
12 md). C il TIRE RO F X, SR 146 2K, RIS EBAGE, M Ib@mmait, Ak
MEE, HTFEKER 154, S/KERERIGE, FMaERm, MR KL, HARREL

2.2. BEmRE

WA T 2017 EAEMAR A T B MIARA LAk C i F Rt R /KRE S RAE TAE, RAE U BMAAE
B 1.

R ACREE T FERCRAERT, TERTH NIRRT — IR ARG e, BEIF AL T /K& — Oy IR
) 3~5 fifo MERFRVEIIEREH, FHFEXHHEH T KT pH EARVKE S SE AT I . YeFFid i
T BERF LR B R AT 0N ORE ) AN T N s e AN AR RRK IR pH B RTKIR
B SR AA MR EOE S = IR R Z TN T 10%, VeIt TAEA B, RBALER 3 M IX TRk
FHBEBETER 24 /NI, R FE K ST H T ZKRE il R B o 0 — LS 20 4 FH BRAE R A I ] R BE AN i 1
SRS, CERE AR AR FT R BT S A E T LA, RrK it 2408 Ja AT T KRR fcR S . REE 4L
Hi R KR SR R IR FSRE SO, NN — B IR, RS [ S5 AT A

DOI: 10.12677/aep.2021.112027 263 SR AT T


https://doi.org/10.12677/aep.2021.112027

ik 2%

Table 1. Basic information of groundwater from Haihe River basin and Song-Liao River basin

= L OEIRESmIRE TAREEEER

A PRI R PREA=E Y KAEIREIm FRAE T Fr{EHX
1 ZJKO01 2017.08 20 AT pEAEM e
2 ZIK02 2017.08 40 ATl SR IR/ TR
3 ZJK03 2017.08 70 AT HERCIR/TRC
4 ZJK04 2017.08 40 AT TR
5 cz 2017.11 10 B 1 piEREN e
6 DZ 2017.11 12 B 1 piEREN T
7 SEB 2017.11 15 B i ERCIR/RC
8 GQ 2017.11 12 B 17 ERTIR/RC
9 XPP 2017.11 14 Bl ERTIR/RC
10 TS 2017.11 11 B i TR
11 GDZz 2017.11 12 B i iERCIN ey
12 GT 2017.11 15 B 17 iERCIN e
13 HB 2017.11 14 B i AT/
14 SHS 2017.11 10 B 17 EATIR/EC
15 XBMS 2017.11 10 B 17 EATIR/RC
16 SLWo01 2017.11 50 Cfi FATL IR
17 SLWO02 2017.11 59 cili FATL LI
18 SLWO03 2017.11 20 cili FATL LI
19 SLW04 2017.11 25 cili FA L ik
20 SLWO05 2017.11 24 cili FATL ik
21 SLWO06 2017.11 15 cili FATL ik
22 SLWO07 2017.11 21 cli FAIL LAk
23 SLWO08 2017.11 35 cli FATL LAk
24 SLW09 2017.11 60 cili FATL LAk
25 SLW10 2017.11 15 cili FATL LAk
26 SLW11 2017.11 24 cili FAIL i dek
27 SLW12 2017.11 14 cili FA T
28 SLW13 2017.11 15 cili FATL IS
29 SLW14 2017.11 11 cili FATL ISR
30 SLW15 2017.11 11 CTii FATL I

2.3. A E

AT FE A [ AR A X - B e OB € - = EE DU B 5 P AR SR K ef 23 Fh PPCPs 34T 16
M, AXES KA R AT AL B 5952 5 IR 2 /T AT T [13]
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2.4. REFRIESRERH

BORAAR IR AL FH BRI EARIRAFF V. Bk, ZEF/RFINEE S, MAMAERT. & 10 4
FERAIN—ANVE R AR 25 B, 38 5T 55 G (TRIE2S A J6T5 4 J5 77 AT kAT 512568) . PPCPs 5& S btk
£R 96 FE YU FEL A5 5.0. 10.0. 20.0. 50.0. 100.0. 200.0 pg/L; £EPEHISE R%0 2> 0.99. FF i f KA IR (LOD)
LA 3 fi515 e LL(SIN) T 5

3. &R5iT1ie
3.1, e s Rt X it 7k th PPCPs R 77 45F4iE

FRE TR A THAT B i 7K PPCPs (& & L4 2. ABFFLE I 23 Fl PPCPs (b & ¥,
10 il PPCPs fEMF I A AT B it F/KH R, 20 oumiERl . R P~ Amigsr, 24, &
B5E. WM, EER. WUHER, &FRM =G4, XA XM T KA 1R H 3558 20%-:
20%- 6.67%. 33.3%. 6.67%. 33.3%. 46.7%. 20%. 46.7%7#1 13.3%. 10 Fh PPCPs # i % ¥)/N T 50%:;
M PPCPs [l KA R FER s FESIR M s AR B fs, 4 19.3 ngl/L; A PPCPs P33k IR FEE, &
Fr TRk E R E, A 4.26 ng/L.

Table 2. Statistics of 23 PPCPs in groundwater water from Haihe River basin and Song-Liao River basin

2. RIS S IR TRk o PPCPs 4 H 1B

R I i IE,
A S g B

LRI 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.

ACE
nniER CAF 15 3 20 N.D. 451 0.70 7 46.7 N.D. 317 6.98
/R B DTZ 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
R5P5 CBZ 15 3 20 N.D. 4.46 0.74 4 26.7 N.D. 4,67 0.97
ST FXT 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
Tk 55 1BU 15 1 6.67 N.D. 13.9 0.92 1 6.67 N.D. 16.8 1.40
ZE 4 NAP 15 5 333 N.D. 5.50 1.98 4 26.7 N.D. 6.67 1.55
#HIEZ 5 GEM 15 1 6.67 N.D. 10 0.67 0 0 N.D. N.D. N.D.
Tl frzms e SDZ 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
R T A 15 5 333 N.D. 19.3 2.86 5 333 N.D. 7.23 1.42

SMX
e LT 0 0 ND. ND.  ND. 0 0 ND.  ND.  ND.

SMz
+#H & OXyY 15 7 46.7 N.D. 6.18 2.33 10 66.7 N.D. 6.02 2.15
Mt TC 15 3 20 N.D. 7.65 1.10 9 60 N.D. 205 457
%% % CTC 15 7 46.7 N.D. 14.8 4.26 7 46.7 N.D. 14.3 3.50
f# &R AMZ 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
A5 E DOX 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
41 & ERY 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
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Continued
BARWHRTYL 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
AP OFL 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
MATEE LIN 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
A2 TMP 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.
Z&ETCS 15 2 133 N.D. 2.46 0.2 1 6.67 N.D. 9.36 0.78
=& k¥ TCC 15 0 0 N.D. N.D. N.D. 0 0 N.D. N.D. N.D.

N.D.: fCTFHRIHIR.

A TAI B T 15 MHL R 7K PPCPs et i B L ] 1o el ) PPCPs 7E 15 /M R 7K /K A s s HE oA B
FI4 N.D.~41.9 ng/L, HH ZIJKO01. ZIKO3 Fl GQ KA s [¥) PPCPs SR i e i, 43l 41.9. 40.2 Al
38.7ng/L, GT KA rifer ik BERAR, LUK 23 7 PPCPs b &3 Rt
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Figure 1. The total concentration of 23 PPCPs in each sampling site of
A and B from Haihe River basin

1. SRS AL B At TN ok 23 # PPCPs B EGKRE

M A TS B Hith T /K PPCPs (AWK R, MIMER . RS 78~F fifig HFUEmE, B8R, U3
. EFER. MKy, HEPF. ZEESZEWAL 15 MU KPR ERH, RS A LK 2. W
AIH, SR 15 MR KPRRE RS, ~N63.9ng/l, =AM HIRERIK, N295ng/L, 48
Bl PPCPs [P K EEN T EATZ I8 .

3.2. WITRIB MBI X PPCPs B AR 4F1E

FRIEFAILIRIR C 173 T 7K o PPCPs 43 AT RHIE W4 2. ASHIF Lk HU ) 23 # PPCPs 4L &%), 45 9 Flt PPCPs
16 C i PR H, 2 BI9mnEE . R VG, AAissr. 288, BEGHEM, LER. UHER. &
HEERM=RL, HEHRSHN 46.7%. 26.7%. 6.67%. 26.7%. 33.3%. 66.7%. 60%. 46.7%F 6.67%,
Hop BRI R AL H 2R KT 50%, A 7 F PPCPs [{AS H 2R V5 [ h 6.67%~46.7%. M PPCPs
AP B RS IR BE R, WINHERIZEAA I st B /K H R HR VR B A v, 9 3.7 ng/L, AR EPIEL H
WPEJE A N.D.~20.5 ng/L o I\F-35546 H R B2 >R, WAk ERTZE C 7T T 7K A FRok: He 94 B e v, 4 6.98 gL
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Figure 2. Total concentration of 23 PPCPs in each groundwater in city
A and B of Haihe River basin
2. IRE AL B Attt kP& B EYIRIKE

C T 15 MR /K A PPCPs iR B LI 3. 3 HLfK) PPCPs AL &47E 15 /Nt R /K /K A B G HE R B 9
4 2.56~53.4 ng/L, H. 7 SLWO04 FI SLWO5 KA i H PPCPs 1K % 5 =1, 43734 40.5 F1153.4 ng/L, SLW15
KRR R B Ak, 9 2.56 ng/L.

— — [\*)
[ [ () W o
SLWOI | ]
SLWO02 |
SLWO03
|
|
SLwoe| |
stwor[ T[]

SLW04
SLWO05

Figure 3. Total concentration of 23 PPCPs in each sampling site of
Song-Liao River basin
[ 3. MRS KA S Rk s PPCPs BUKE

M C TP R KR 55 B4k PPCPs HARMEL AW EIRERE, WIHER . RSP, ffi s, +8H K.
VUMK, &5 5. Mg, =SAE 54 15 M I /KT ER T, Hamib Sk iEsAm e 4.
EIFR AT, WEERIZE C i 15 AN R K S SR B e, A 104.8 ngll, = SUER IR R, M 9.36
ng/L, H:4% 7 F PPCPs IR EAN T B4 1A,

3.3. AR ST i s B X g i T 7k Fh PPCPs I{ 7R xTEE

WA SIS S R TL U R /K A PPCPs IR0 A ML 50 WAL 15 Mt R /KCRAF sl AR L it
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15 M R ZKCRAF 2K PPCPs 28, MERIIAIR PPCPs 4 10 R, FAILUIEA 9 ik, A4S IX
Fith PPCPs b & WA 73 #AR (R (R LA A H AR TR, Hok 9 Ff PPCPs AL & AP K
DAL ) . MASHE %% PPCPs AL ISR IZAE AR I Ukt T 7K iR PR B R T A48 10
o, PUSRER S EONHERIIEIL 5 1%, =SBRSBI 2 5, SRR skt T 7K s s R s
EIRENIRILIIE 2 18 RSV RER. B RNAIE SN NI T K (& 2R A K.

CAF CBZ SMX OXY TC CTC IBU TCS NAP

Figure 4. Total concentration of 23 PPCPs in each groundwater from
Song-Liao River basin

[E 4. #AITRIE C dth Tk H & PPCPs BFrfk &I RIRE

100}

ng/L

80 +

601
40/ [
_ | N =

I
207 M
15}
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[ = P i

W

Figure 5. Total concentration of 23 PPCPs in groundwater from Haihe
River basin and Song-Liao River basin

5. ARSI RE Tk P& B EYRNRRE

3.4. EIRSMEXRBEER

HAT, REEEAT KT PPCPs 5 G bR MERR(E, v 1 SE4F 1 T AW 7T X R 7K o PPCPs [ 7K
R RS FAMAARE S LB, A 3 T AR, AW 5T X g gt T K o PPCPs 1)
S ARV, IR LB, R I T FE ARt R K R s (K1
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Table 3. Concentration of PPCPs detected in groundwater and this study
2 3. AMRSHRREXIEH 7K+ PPCPs #& W &R Xttt

ey P A EC A K H261% IRl ng/L 7 X 3k RFAAR S 3R
121 40 N.D.~55.5 VUBET, EED 2012 [14]
e 148 80~83" N.D.~16249 B 2014 [15]
CAF 15 20 N.D.~4.51 i, A 2017 BN
15 46.7 N.D.-31.7 I, AR 2017 AT
6 17 3.4? FEIRYETY. 2014 [16]
44 23 N.D.~41 FEIRYENE, Z I 2015 [17]
32 92~100Y 136 PEYES, EEP R 2013 [10]
k- CBZ
20 25 N.D.~72 FH, DpEEEEM 2014 [18]
15 20 N.D.~4.46 W, R 2017 AT
15 26.7 N.D.-4.67 I, PRI 2017 AT
16 12~19Y N.D.~17.0 B+ 2013 [19]
32 80~100" N.D.~65 FagEF, MEDAL 2013 [10]
27 4.0~42Y N.D.~0.8 HE, TR 2014 [20]
it iz FH ST SMX
20 60 0.1~113.0 FH, DpEEEEM 2014 [11]
15 333 N.D.-19.3 W, R 2017 AT
15 333 N.D.-7.23 I, AR 2017 AT
32 60 141 PP, ELZED 2013 [10]
qufc 15 20 1.1 W, R 2017 AT 5
15 60 457 I, PR 2017 AT 5
6 17 92% FEIRYEN 2014 [16]
28 11 N.D.~57.9 HE, M 2014 [11]
Zﬁff 32 14 N.D.~65 #H 2015 [21]
15 6.15 N.D.-13.9 W, R 2017 AT
15 6.15 N.D.~16.8 I, AR 2017 AT
6 17 27.6% FEIRYETN 2014 [16]
16 6~12% N.D.~12 Hti 2013 [19]
sg90s): 32 8~40" N.D.~5.59 wagEy, MEDA 2013 [10]
NAP 28 3 N.D.~86.9 HE, M 2014 [11]
15 40 N.D.~5.50 W, R 2017 AT
15 20 N.D.~6.67 I, AR 2017 AT
121 N.A. 15.5? PEPEF, DI 2012 [14]
32 62~100" N.D.~751 FagEF, MEDAL 2013 [10]
51 2 N.D.~23 R, B 2012 [22]
HIEB 5 GEM )
20 5 N.D.~1.2 KM, S gEM 2014 [17]
15 6.67 N.D.~10.0 HE, R 2017 KR
15 0 N.D. HE, TR 2017 AT
};ﬁﬁ%*ﬁf’l\ﬁﬁﬁmiﬁﬁ%%$ﬁmﬁﬂ, BT UK R TG R R i s DFEMIRLISCHR A, A P E B PR RR: NA: REiiH: N.D.:
TR
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3.5. SR TEMN

SR TR e M R K AR PPCPs X /K AR AR 25 RSB, B DA O SCER SR 23] [24], N XU
P (RQ) PPN B HY St /K A b PPCPs Bk BA X /K AR A2 85 R AR AT E X HEAT V-4, HatE AR R .
RQwater = MEC/PNECwater (1)

PNEC, .o = LCso/AF K EC,, /AF @)

water

A, MEC NIAEZSCIIREE, S48 pg/Ls PNECyaer 7K FNIGRNIREE, RAEIA WA Axt
IREE AR A S R G AR 1) e KGR, AN ng/L: LCso AREBUEIKIE, ECs NI K
RO, BN ngll, LCso Fl1 ECso ¥ HISCERH 34T, HAFEZ/MARS, BUR/ME: AF AT,
Hy ki B Water Framework Directive [ 78 (1000) [25]. 24 0.01 <RQ < 0.1, AMLXEE; 0.10 <RQ < 1.00,
FH RS RQ>1.00, Ay KU

M FERRYE CAT I FUARE, AR XS i (B A 2R T B34S ST A SR A X Ak R X PPCPs (1) AU
FIE, Z5RWE 4. FTRUEH, R E) PPCPs 1) RQ (KT 0.1, HxfKAEAM B AR .

Table 4. Values of RQ of PPCPs in groundwater from Haihe River basin and Song-Liao River basin

= 4. TR ST R Tk s PPCPs BIR & 5 1E

A i FATL I8
&) YPNEC/ug/L
W KA ng/L RQuater P %5 4 e KA Mg/ RQuater PR 2%

ninek R CAF 69 451 6.53x10°  fRXUK: 317 459 x10™ {953
g CBZ 31.6 4.46 141 %10 IR 4,67 1.47x10™ IR
i35 1BU 1.65 13.9 8.42x10° R 16.8 0.010 IR
257 NAP 2.62 5.5 209x10° RN 6.67 2.54%x10° TR
FAEP 5 GEM 0.90 10 0.011 (92N N.D. 0 R IR
i R SR e SMX 20 19.3 9.65x 107 IR 7.23 361x10* IR
+# &K OXY 2 6.18 3.09x10° IR 6.02 3.01x10° IR
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