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Investigation of tetracycline antibiotic residues in drinking water and
its health risk study in He’ nan Province
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Abstract: Objective To understand the residues of tetracycline antibiotics (TCs) in drinking water in He’nan
Province, and conduct health risk assessment. Methods Tap water samples were collected from He’nan Province, and
the residues of TCs in the water samples were examined by solid phase extraction and high performance liquid
chromatography. A risk calculation model was used to assess the health risks, and the total carcinogenic and non-
carcinogenic risks of various antibiotics were obtained by simply adding up the carcinogenic and non-carcinogenic risks of
each contaminant separately, without considering the effects of contaminant interactions. Results  Differential
hygromycin and chlortetracycline were not detected in any of the different water source types, while the remaining nine
TCs were detected, with detection rates ranging from 6. 0% to 100. 0% and concentrations ranging from ND to 3. 23 ng/L.
Oxytetracycline and chlortetracycline were not detected in different water sources; Doxycycline and Chlortetracycline are
detected in source water, factory water and terminal water, while Demeclocycline and methylenenenenebce oxytetracycline
are only detected in the reservoir and groundwater in factory water, but are detected in other water sources; Tetracycline
and Oxytetracycline were not detected only in the reservoir water of source water, factory water and terminal water, but
were detected in other water sources. Minocycline was detected only in the river water of source water and terminal water;
Chlortetracycline, doxycycline and methylenenenenebb oxytetracycline were detected during the normal water period in
Henan Province, and the main pollutants were doxycycline; However, in the dry season, it was found that epidoxycycline,
tetracycline, doxycycline, Oxytetracycline, Minocycline, methylene Oxytetracycline, and chlorotetracycline were the main

pollutants of epidoxycycline, Oxytetracycline, and Oxytetracycline; The concentration of TCs in source water of He’nan
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Province ranges from ND to 3.21 ng/L., factory water ND to 1.66 ng/L, and peripheral water ND to 1. 16 ng/L.; Non

carcinogenic risk of TCs in drinking water sources, factory and peripheral water samples during dry and normal water

periods 3. 40%1077-3.28%107°, far less than 1; the total carcinogenic risk was 1. 30x1077-1. 43x10°°, much less than 107,

within the acceptable range, and the health risk of drinking water is higher in adults than in children. Conclusion There

is a problem of TCs pollution in drinking water in He’nan Province. The main pollutants are doxycycline, epidoxycycline

and Oxytetracycline, and the health risk is at an acceptable level.

Key words: He’nan Province; drinking water; tetracycline antibiotics; residues; health risk; total carcinogenic risk;

risk calculation model; different water source types
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JE(TEM) R 550 °C, B4 & HLE N 5.5 kV, A5 <
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BIIE G B Na,HPO, F7 15 12 , Bie BT 156 2 4 - W 12
Th 2 wpE W (Mellvaine) o % 0. 1 mol/L Mellvaine 2%
WE WS EDTA ¥ W 121 B 317 IR A, B AR
pH {HZIA 4 B9 EDTA-M cllvaine 2% W5
1.6 TCsFk B &M €8Ik
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Fo L 6] 60 3R N A 12 0 a1, O B I R E M ORI R
PLD&-KEAR R I NR, R FR 220 L8R iR
NER WHLER EmME&E R DR IERN
Whr, ZMUH R WHR SHER ANAR L+
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T B UL JE i A7 OGO BR R A T Y A
5% o SR FH [E AR 28 B - [F] 057 28 P8 - 2 30000 AH 0335 - T
T/ B AR KA TCs MR 15 YW SEBR
5 F ARG 9 32 B DA 4 A5 20 (1 000) 1531
1.8 it XU PEAR

BB R R KA I T H W SEPRIR K, A
ISR AR A 7K %P K30 (Al K 331K B TCs 1Y
ft e XUBS: AT 1A o

SRR RTT Y ) H 2 58 ) A AL
EF x ED
BW x AT
A CDI BV YoK #2875 Yy H 2 850 & 5 C Bl TS
P BE S IR HIOK 3R AR, 2 H R IE A KA %
HEXEMH , X BOE S o0 A, B 1,38, b 22

#1

CDI=CXIRx

Table 1

0.71;EF B % & 5 % ; BW RISF39 K i & ; ED B 2
T, SR £ P US EPA HEFF{E . JLE % 6a, A
i 30a THEL AT BPFX 28R B[], AT=EFXED .,

S0 KBS R FH XU {EL (R ), R<0. 01, BIIR K - %

Fa i
R=CDIXg,
BBXK,
BUESI B
B=D/1LDf
Ak 2 XS 15 28 (Hazard index, HI) :
CDI
HI:de

Z TP e A= R Y 8 B0 XU R 2o KU R 25
15 Y W) B0 AU 0 AR SO KRS 2301 7 SRE L AN 25
JE5 G Wy 18] A ELAE S o 38 [ 3R IR JR) (United
States Environmental Protection Agency, US EPA) #E
15, ] HE 52 ORI e R IR(EN 107, 2107 1), AN fE
P52 MBS 5 R 2 AR A2 3 RN 5 1 o AR 8o KU R
(B, >1 W, 75 Qe A i e fe 3 .
1.9 kb

K 0 25 IR S K 46 ) (Notdetected, ND) , U 4
0, #4 2: EXCEL 2010, SPSS 20. 0 4K 45 35347 .

&R

TR KK TR R AR ZK R TCs Kt 3R
WA 17 AWK KB 2Zm L HE A
DU IR 2R A A, Al 9 Bl TCs 358 B L
3N 0~100. 0% , ¥ BE7E ND~3. 23 ng/L, L3 1.

2
2.1

R IR K R TR TCs # R %

Detection rate of TCs in water source and factory water in He ’nan Province/%

iy FERE ZEMUHER ZMIER ENEHER WHAR LER ANKHE BOIER SFFR KRN RE BEHEK PTHRIER
Kk 33 2727 0 2121 2121 1515 0 10000 9394 606 2727 27.27
HIk o 33 27.27 0 0 3030 12.12 0 100.00 5120 0 12.12 6.06
FAk 33 27.27 0 2021 1515 2121 0 100.00 9697 303 1515 12.12
2.2 A ARIKIRZERK T TCs Kt 3 TER R R BAER LER OKESRR H &

ANTRI K D528 UK B R A 1 25 1) 8 R A
R RNER SRR KIAK T K KKK
hEARE  ERE B EHEREMNESRT K
K JZE R K SR At A Al K R YR
PUBR |+ 5 R AU AR K B A A K Y
AR K H A A A K U S R o B R
K R F ALK R K R R AR K i YR K A
W3 2,

2.3 TR KIEIK )T K KRR TCs 5% B3 & i

WA AR BR &R R NER H &G
T EHR, FEIG YA R )RR MK R 22 10

+HR ANURER, BRI R N - EHE R AL
B2 A KK TCs W JE ND~3.21 ng/L.
J7 7K ND~1.66 ng/L. K #f /K ND~1.16 ng/L; WL
% 3~4,

2.4 TR AT A K R RS K KA P TCs 19 f
J5RE JRUISS: -

K KB R A AKOKBE R TCs 2 HRK B 1R
SAEEUE KUK 3. 40%107~3. 28X107°, /N T 15 M EL
i XU 1. 30x107~1. 43x10°, 38 /N T 107, 76 ] $:5%
0T, HL RO K e XU 2R R T L Y
L ILER 5~6.
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Table 2 Detection rate of TCs in water from different water source types in He nan Province/%

KR KR FERE ZMNUAE 2 EER ZMEERX WHAE +ER JAUFE BIER 25 F KIEHE WERE B ER
VIR 20 30.00 0 20.00 20.00 10.00 0 100.00 100.00  10.00  30.00 30.00
KA KPR 5 0 0 0 0 0 0 100.00  100.00 0 0.00 0.00
R K 8 37.50 0 37.50 37.50 37.50 0 100.00  75.000 0 37.500 37.50
HIRG) 20 30.00 0 0 20.00 20.0 0 100.00  30.00 0 20.00 10.00
Bk K 5 0 0 0 0.00  0.00 0 100.00  100.00 0 0 0
iR K 8 37.50 0 0 75.00  0.00 0 100.00  75.000 0 0 0
bR 20 35.00 0 20.00 5.00 25.00 0 100.00  100.00 5.00  20.00 15.00
KRR K 5 0 0 0 0.00  0.00 0 100.00  80.00 0 0 20.00
T K 8 25.00 0 37.50 50.00 25.00 0 100.00  100.00 0 12.50 0
F3 WEFE KR K TCs 5% B % 7 /(ng/L) F6 A T ALK TCs HE 0 XU

Table 3 Residual levels of TCs in drinking water during the

levelling period in He’nan Province/(ng/L)

Table 6 Health risk assessment of TCs during the dry season

in He’nan Province

TCs TR K H K A K
Z I #E ND ND ND
Em+ER ND ND ND
ZEIN TR ND ND ND
2Ny ND ND ND
+H R ND ND ND
ERETS S ND ND ND
R ND~1.20 ND~0.85 ND~0.95
SRR ND~0.53 ND~0.27 ND
Kt IR #E ND ND ND
AR ND ND ND
P+ ND ND ND~0.56
e g 0.52~1.23 ND~0.85 0.24~0.91
o ND KK H

%4

TC oK i K 3
S > = =
LPN JLEE LN L
7N 0.00E+00  0.00E+00 1.07x107  1.01x107’
+®HER 0.00E+00  0.00E+00 1.69x107  1.62x1077
ENIEZS 0.00E+00  0.00E+00 3.18x107°  3.02x107
[EWIE ¥ 3 7.88x107  7.51Ex107  0.00E+00  0.00E+00
EH/R 2.69x107  2.54Ex107 0.00E+00  0.00E+00
Kt A% 0.00E+00  0.00E+00 1.35x10°  1.28x10™°
IR R 0.00E+00  0.00E+00  7.26Ex107  6.92x1077
MiE+%FH% 0.00E+00  0.00E+00 0.93x107  8.49x1077
it 1.04x10°  1.01Ex10™° 3.28x107°  3.12x10°
3 itig

TCs & — 2 1AW b 77, fE 70 4 200 b1 2 11 o i

10 1 48 Aili K S 2R 7K R TCs 5% B 5 B/ (ng/L)

Table 4 Residual content of TCs in drinking water in dry

season in He’nan Province/(ng/L)

TCs JKPEIK H K KA K
2SR E ND ND ND
ZEm R R 0.82~1.38 0.40~1.68 ND~1.18
MR ND ND ND
UEZN ND~0.07 ND~0.06 ND
+ER 0.06~0.32 0.05~0.45 ND~0.46
B2 S 0.15~0.28 0.18~0.35 ND~0.33
W SRR ND~1.35 ND ND~0.28
X 3 ND ND ND
Kt % ND~1.87 ND ND~0.76
HEAR R ND ND ND

R TR RS ND~3.21 ND ND~0.26
Ak i ND~6.63 ND~2.41 ND~1.83
3 ND: A A

%5

T 44 S 7K 400 A 7K 9] TCs B KU

Table 5 Health risk assessment of TCs during the flat water

period in He’nan Province

e oK i 7K 18
s . .y
LN JLE LN JLE
UIEZN 0.00E+00  0.00E+00 2.04x107° 1.98x107*
+8mE 0.00E+00  0.00E+00  4.41Ex10°*  4.20x10°*
ERUETS S 0.00E+00  0.00E+00  2.20Ex107  2.11x107’
iR 1.41x107  1.33x1077 0.00E+00 0.00E+00
SE/ER 7.55x10°%  7.18x107° 0.00E+00 0.00E+00
K E 0.00E+00  0.00E+00 6.04x107 5.75%107
HEARER 0.00E+00  0.00E+00  3.88x107  3.85x107’
M+ %Z 0.00E+00  0.00E+00 1.56x1077 1.48x1077
Ait 2.15x107  2.05%1077 1.43x10°° 1.38x10°°

BBz N T AR IR YT . PR, E
WwoaE AN TCs i &8 TCs, i ARKN G A A
69%~86% B HE Hi 74 F1 , Fifi 25 {8 #F A 7K Fl 1 48 45 3
BA Y. BHAE, RBRIKH K 5K TCs B BE 1A
FE LB AR K AR 5 G TCs 15 Y T il
TR K AR S A R fg B
AL LI R 0 B, X AR K TCs 15 42
FEAE R E A EA 17 DI BREANAR R
2200 LR R ARG A, Al 9 2 TCs BIFE R HIK
HR RS LA HE SR AE 6. 0%~100. 0% 3B RN, 158 B 3]
B KK A AE TCs B8 A7 ATG Yet ARHF 5¢ iF
— B X R A K W b AT TCs K R, R B
7, KB VLR BT 7K S5 A ] 7K UR 28 1 K 2 R A
W2EmEHER ANUAHER, iR, H UK RS
DU IR 25 A BL, %o R 2% PGB P R A, R il R R
7 4 5K TR A R, DRI R I DR R FH R G 3R
] 26 1) 85 28 76 08 PR Vi W 5 B IR 2R 3, 5 s T oK
T IR o K PEARTE K AN T K AR AR 4 R
MR XA REREH T E N E & IR P
2SS B N S I I TR IR I N/ NG £ 54
HTCs 2R Eh 6 AL L. bR 0L ML Z T,
JKPE TCs K 4 2R HEAK , 7K 53 5 4, 2% 18 R AE T K
J2E 3 H A 1L b AR R D 22 AL R OMRORE B R
L, R EEAE O R B PR BT A, ME LA R TCs 15
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el e Ah K PR K GE H O Sh P g 25 L K 3 ke
Ve, TCs 77 A= W BRI, i 2 bR 7K AR 388D, A
FITF TCs FFAR, TCs A HRATNT R

) B, 90T g 48 Ak K Rz I TCs ¥R #E ND~
3.23 ng/L sl N, 5 T B 5 B i b 5 ik
R REE M A FAUKT, R FEEEHEET,
— KR  TCs YRR AR E , 2 B IR A
SERA W WA, ELUUAR W) T W B TCs, 5 /K PR 458
TCs W& BEHBAKT 5 53— J5 T, AR FH 7K /K 15 . 38 5 7K
B IR AE A SCER T A8 T N A R, Rl B el T
ARG 7K 0 s BEAE T, O BECAT 1 5O i RN A )
FRIE, % X H B TCs HLAT B G {0 R AR K v ik B
R 53 4h AR 9% % BT 1 48 7 K ARG
SRR RIER T R A K BR 22 ) 1Y R
FOMWEARE EMEHE &/ EI, HA 7 F TCs
PR ty  HoR 1~4 7 12 H Ak R 2D, T
KWK BAEH S B K R K TCs £
R AR K E K TCs #E ND~3. 21 ng/L H
7K ND~1. 66 ng/L . KAH7K ND~1. 16 ng/L, 7] Vi, fifi &
K TR 7K A 35 AN BT IR A, TCs MR BE N W7 [
TCs 15 Y% AR AE 3 0] 58 2338 Wi sl 4 .

ARk Bl K V5 e B 25 7™ B f B XURE BF A &
B2 O AR R K 5N PR {5 2 0 A OGP ok ke
b1 7% i 2 2 3 = S o R N O 2
gt B XU TEA A5 20, A K0 PR KR K T K
F AR R KK BE o TCs 20 1R K i 42 Al 30 KU i
ANTF L, RO AU 32 /N T i R AT 4 32 1 KU KO
F W R A K K o TCs B% B AL T T 4 2
BUAb AR 5 5 % T B A8 AP K felt B XU LA i A
[ A GIUE S| O 20 it & o717 N T ) i 9
RUAE T A BF 5 2R FH 0 2 B0 K 8%, L 22 B0k
EF Y US EPA #E7F IR i = ) 50. 0% ; [ B XJ TCs
ZEAROK g AR | AL A fele 5 LR 32F A7 0 25 PR Al B, AL
BT OK B R S T TCs | Z AT
T EEERRNFEMN, —EBE LA T X
it AU (S MR o 59 Ah  E DA s g b o h A
W58 45 6 0 m A N\ BF 2 88 AURS: 2 850 s 2 800
TCs g FE RURS FEAT PPAG, T4 3T 4252 0 SC B i 0, B AT

25 Bk I A KR KA AE TCs 75 Y2 i)
FEEEYARNER EMLHEEMLEERH
gt e XU Ak T 0T 252 K SF- o kA B A BF 5 38 B
11 Ff TCs A1, 4 Ja TAF vh ol £ 45 it 4 28 H 24 4
SR RN IS WA WA 2K A DL 4 T b S
Wi Ak 2R AR AR L
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