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Occurrence of Tramadol and Fentanyl Use in Domestlc Wastewater in Be;jing

ZHOU Zi-lei', DU Peng’, BAI Ya', /HAN Sheng , HUANG Hong-mei!, XU Lie= ~giong", LI Xi-qing'"
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Abstract Tran’ladol (TRA) and fentanyl (F EN) @ed as common painkillers in/ (’hnl(’al praoﬂt"l(e but they have héernt m(‘reasmtrly
abused in recent’years “due to their addictive nature. Two gtbstances and their met#aohtes entén wastewater throughwdrine and are
collected land tréated by-wastewater treatment plants (W-WTPS) before being dischatged into the aquatic environment. In this stirdy,
wasfewater analysis was performed to examineithe patternsiof TRA and FEN use in the urban area of Beijing for the first time. Influent
and @fﬂuem samples were collected from 23 WWTPs durmg twor sdmphng campaigns. Concentrations TRA in influents were found to
range. from(lO 248.7) 16(175.3 +£59.7) ng- L~ 7 while” FEN was not detected in most of the samples, or occurred at very low
concéntiations. Relatively low TRA removal was observed at plant% with activated sludge processes. Moreover, TRA loads in the central
area of Bel]mg were significantly higher than those in the suburban areas. Annual TRA use was estimated through wastewater-based
epidemiology. The greatest TRA use, approximately 202. 5 kg, was found in Haidian district. Seasonal variation in TRA loads was
significant, with greater use in the summer than in winter. The method presented in this study can be used as an important reference for
monitoring TRA and FEN use via wastewater-based epidemiology and for assessing the risk of the abuse of these compounds in China.
Key words: tramadol (TRA) ; fentanyl (FEN) ; wastewater-based epidemiology; wasterwater; solid phase extraction ( SPE) ; ultra-
performance liquid chromatography tandem mass spectrometry ( UPLC-MS/MS)
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Table 1  Essential information for the 23 studied WWTPs

i [} & INEVIN H ¥ 3t/ m? V5KAF T 2 i i:&: PN H i/ m? 15 KA T 2
BJ-1 50 000 120 000 CAST BJ-13 100 000 360 000 A%/0
BJ-2 50 000 120 000 CAST BJ-14 420 000 1 000 000 A%/0
BJ-3 20 000 56 000 SBR BJ-15 200 000 480 000 Atk
BJ-4 40 000 100 000 g M5 e BJ-16 200 000 400 000 SBR
BJ-5 50 000 100 000 MBR BJ-17 80 000 150 000 SBR
BJ-6 80 000 180 000 SBR BJ-18 5000 50 000 SBR
BJ-7 400 000 810 000 A%/0 BJ-19 98 800 100 000 A%/0
BJ-8 110 000 200 000 A%/0 BJ-20 600 000 2 420 000 A%/0
BJ-9 1 000 000 2 400 000 e TEME TG e BJ-21 40 000 300 000 MBR
BJ-10 80 000 134 000 A%/0 BJ-22 40 000 320 000 Azenit
BJ-11 770 000 1 800 000 Ak BJ-23 20 000 200 000 CAST
BJ-12 100 000 360 000 A2/0
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M
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15K T X HAR A G 4 0 2 Bg R T DL o 2 =X
(2)iT5.
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gﬁ%z(i;ﬁ}dm% (1)
Cin

¢, w8 H AR AL & ¥ 7E BE K bk
e 2 HARAL & P 7E K i) o

A,
(ng-L7"),
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mOK TR AE M S X M 2 W far
[mg+ (1000 inh-d) =" A Pl A (2) &,

B 40 %
o X F 1
12' — cm X in L
e T (2)
1 000

R, inh 7% inhabitant (1000 inh {81 0004 &
), e, ®algAK) KT ZbE YWk E
(ng-L7"), F 205K BRGHKFERE(L-d),
POP 7 population, AR5 K) RS XA M.

V5K T T A R S5 X1 2% 2 ) 4 AF B Al
(mg) AT LLE L AR AR5 .
POP
1000

s = IXC (3)

K, Load /R X 2 W) 7F i M X 1Y 7 far
[mg+ (1000 inh-d) ™' ]; POP F/Ri5K) IR%E X A
M3 EXC IR excretion, BIHEIR (% ). .

fdi 71 SPSS xféwzéﬁﬁﬁﬁ%ﬁ%ﬁéﬁﬁ
1.6 JEfEH

AR ST B’Jéﬂﬁﬁ&aﬁﬁﬁ A Tﬁfﬁﬁﬁﬂ tPEﬁa_
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%A%%LMﬁ%MEw% maaﬁ%A%mff
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100 gL ) LR 9k 60 1 i ) B
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Fe (10S/N) #i 5. BLE 0.01, 0.05, 0.1 F1 0.5
ng-mL ™ BRI BE IR S PR AL S AL E. kA
PR (MLOD) FlE S BR (MLOQ ) i o L F AR &
53,

MLOD( 5 MLOQ) =

Load x x 365

ILOD( 2% ILOQ) x 400 pL
50 mL.

(4)
o, 400 pL A AL 4R R AT, 50 mL A SPE

A BT BT KR ) (AR
2 HR5ITE

2.1 Stk mede S s

W RTBNAR pH E % B0 2 A B A
LAk, SRR B AH R F 0. 12% (1RFR
H) R AY 15 mmol - L~ Ay Y iR i B8 2l /K 73 (3 3
MHA); HEE(HBIAHE B). mILUETAE, 0~3.0
min: 5% B; 3.0 ~5.0min: 30% B; 5.0 ~9.5 min:
80% B; 9.5 ~ 14.0 min: 5% B. W i#E K 0.3
mL-min ", HIRAEE R 35°C, MR NS pl.
ﬂsEE"J@mEMﬁFXTBﬁéz‘*ﬁ%ﬁﬁ&ﬁ%ﬂﬁﬁ%‘i&
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40 psi(276 kPa). Bt HARLE Y S HAT R N AR Y
HEF EEE T EEEFHOERE (m/z) ., £
#EHL I (DP) | filff8 B (CE ) A B IR E] ( RT) 25 5
WESHIH TR 2 .

AL 3 L T30, 9 235 5 L2 3. Tl fSe 3 i
JEE BIAE T 80% ~ 1209% Z [a], {35 . T ¥4 %
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3245
16.0E5
12.0E5 | FEN
., B8.0E5 |-
=
o=
E=3
4.0E5 |-
1 1
52 5.6 6.0 6.4
{RETH [1]/min

E1 #5%., FKEH CI8-UPLC-MS/MS &iEHE
Fig. 1 C18-UPLC-MS/MS chromatograms of TRA and FEN

£2 B#4 UPLC-MS/MS RIS

Table 2 Mass spectrometric parameters of C18-UPLC-MS/MS ;

AT

i e m/z DP/V; o4 CE/V m/z | [P DRV CE/V A
TRA 242.2 58.1 50 ¥ 44 246.3 | 4 s W 16 #50 |
TRA-D3 268. 4 58.1 50/ 44 — - — 5507 #
FEN 337:2 188. 1 P50 g =39 337.2 50 32 a0 ¢
FEN-DS 3423 187.9 £.130 -,-- u__-444 = A - 602

,f" & 4

@ﬂ;&?’\ﬁ/ﬂéﬁ’JTEE ii’Jﬁ‘AEY T YL #
#nnfﬁﬂifﬁﬂ’]ﬂﬁﬁﬂ/\ NI E;li_lﬁ(pH 2
E’jﬁﬁﬁﬂﬁ) 283 [ Y A BB B, S L RETR E
TTftaA%E’J{ZQEfQﬁ?&HKE i T@?ﬂt@?ﬁ 4
E’J{)”JIKWTMT PRI IL A PI7EH 4 0. 05 ng“ml.~ g
IR L4 3 £ . ZEVREE R 0. 1 ng-mL ™" {5

mﬁ%iﬁﬁwﬁ%MTEE@ﬁﬁ %k
HEE AE R BESE , ASBIRSE #0905 i 10— ﬂ&
18 T B BRI Ry R R S B, (]S 3E T [
WSS FRON B AE & BT R . A, % ik
B T KRR 8 (%07 50 mL, BAE
F 7 38 #E 100 mL LA 1) | 46558 T LC-MS/MS 1)

¥ 10 4%, FrLARfAE TRA F FEN AURzIBRRAE W@ B (%0740 14 min, DR R J7 3558 5 7E 20
PR~ 0.05 ng-mL "' F1 0.1 ng-mL™". A8 7 min BAE) . DA AT DLSRAS 55 4 A 52 56 45 SR IF A 5L
KSR H A AT H N RSD BI/NT 2.5% , RUIUAE MO A4S ve.
%3 SPE-C18-UPLC-MS/MS 477 i% 80 BB 2= FE TR/ %
Table 3 Recoveries and matrix effects in SPE-C18-UPLC-MS/MS/ %
bR - [”Mﬁ(%_l - . %Jﬁ%ﬂl}_ﬁ]‘ .
10 ng-mL 50 ng-mL 100 ng-mL 10 ng-mL 50 ng-mL 100 ng-mL
TRA 98.35 £3.44 99.47 £1.58 102. 65 +3. 68 95.44 £1.25 91.25 +1.69 98.52 +£1.22
FEN 101. 86 +3. 15 89.54 +4.23 99.25 £3.22 93.47 £3.28 105.28 +1. 68 93.24 +£3. 19

2.2 K TRA Fl FEN 43R B K

S Z b mt Tl 23 A5 KT SR KRR S 2
R, Hok BE RS B AE (10.2 £8.7) ~ (175.3 =
59.7) ng-L™" Z (8], I N (62.3 £16.6)
RO ks e ST R P A o | N K S Pl
AT Moy RJeR: 28k, ANFERR 53K kK
PR RS, MR (0.2 £0. 1) ng-L™" (BJ-1) |
(0.5+0.2)ng-L™"(BJ-7) . (1.6 £0.2)ng-L ™" (BJ-
11)F1(1.2 £0.4)ng-L~" (BJ-22). £ 7K #EK
TRA F1 FEN ¥ BE/K-F- 4N 4 firn.

ng-L

e il S 2B T 100 ng- L' BYI5 K 3
H5A, 50 :BI-12[ (175.3 £59.7)ng-L~", F
HIX ], BJ-13[(151.4 +87.7)ng-L™", FHX ],
BJ-4[(109.4 +9.1) ng-L™", £FHIX ], BJ-20
[ (108.8 +46. 1)ng-L~", #IFHIX ] F1 BJ-18[ (104.7
+20.6) ng-L™", FHEX], Hrb 4 K5k 6T+
B XL H e Xk K R B S s KT O BI-T7
[(60.2 +4.5)ng-L™", HWJEX ], BJ-3[(29.2 +
4.2)ng-L7", A X ] M BJ-2[(25.0 £0.3)

ng-L7', KM, A XARG KPS 2



3246 57

i

B 40 %

(R R 2 i T H X

23 ZRT57K AL 3R R 2E AR & it B 2 71
WP (62.34 £16.6)ng-L™". T HEE RIS K
ORI ) Y il S 2R B N &K 88 ng-L P
51000 ng-L ', HEE2758.7 ng-L ™', ,ﬂ;ﬁ
WA TE1 560 ng- L~ ”’”. MHEZ R, bt A% s
K B i il 22 ik R A TSR B PN A A AR R K

-, il T 2 TS YL R IR

IS A TEDE K G H 238 R Lk i K TSz 1 1 iy
0%, 1 — 25 R R EEAA WA Q25K
b5 5 (4 1 kg MREE A 0.002 mg 25 K JB2™))
LTS 2 (—HE2°8 50 mgm] ) 3 @ AIEXT IS
KIBBZG R R (L0 1. 6% 1) #e4i%, A Ay il
L& (4R 15% 7)) itz —.

F4 MEZFZFKRETE23 KisK] #HKHARE
Table 4 Measured influent concentrations of TRA and FEN at the 23 sampled WWTPs

W TRA/ng-L.~'  FEN/ng-L~! W TRA/ng-L.~'  FEN/ng-L~! W TRA/ng-1.7! FEN/ng-L~!
BJ-1 19.0+9.1 0.220.1 BJ-9 63.6+9.8 <LOD BJ-17 51.8+15.9 <LOD
BJ-2 25.0+0.3 <LOD BJ-10 22.8+6.7 <LOD BJ-18 104.7 +20.6 <LOD
BJ-3 29.2+4.2 <LOD BJ-11 42.3+27.9 1.6+0.2 BJ-19 50.1+4.9 <LOD
BJ-4 109.4 +9.1 <LOD BJ-12 175.3 +59.7 <LOD BJ-20 108.8 +46. 1 <LOD
BJ-5 33.4£8.1 <LOD BJ-13 151.4 +87.7 <LOD BJ-21 60.5 £19.7 <LOD
BJ-6 79.0 +11.5 <LOD BJ-14 29.8 +8.6 <LOD BJ-22 61.2+10.3 1.2+0.4
BJ-7 60.2 +4.5 0.5+0.2 BJ-15 53.0+3.4 <LOD BJ-23 39.3%3.4 _5--]:?)]) _
BJ-8 52.2+7.6 <LOD BJ-16 11.2+1.6 <LOD [ { ] '8
2.3 KRR EE R R AR Fy A *)L%E’Jxﬁ(%i ﬁﬁﬁ%@@%%ﬁﬁﬁﬁm%ﬂﬂﬁ(a

ISR ICTEITAT K S rh B Tt Tfﬁlﬁﬂfﬁ%
mﬂm#untﬁf"ﬂjﬁxm, ,ﬁ\{iﬂ“mﬁlfo 866"
ng - L~ 2 [H]. EEIZIZ—I%H 235 K T, ’@f{
zﬁﬁﬂ%if,lo 8% ~100% 2 Jil. @ﬂtf%lﬁj
FRIT LT MEMR % B, L9 5548 (MBR) |
PSR P 5 (SBR) FUARAL A0S A T
axﬂﬂ—f&fﬂﬁi}i%‘xﬁ%%i W BB 80% LU
i:ﬁ%%&ﬁmﬁ%ﬁ%%%%%%ﬂ%ﬁ%
¥i7£%$11ﬁ 11.6% +0.8% , WFETHE L
HTZE(P<0.05). VARG KA T 2% i 5
LI EBRRAT I, L5 PS8 15 /K Ab 7R
TZEARARMERM S 2. 15KAEEE) X5 YY)
FRBCR, RSN | ISR E | K5
R ALE T PR N R = R 22 5. AR T
XS 2 KRN E R R RS S S

ATBLIS Rk B R b T 1 R L

RS, r@mﬁﬁﬁﬁw%%¢ﬁ£¢ILMm
AT, IGRE S 2 BT WA A s 2k ()2
KSR e TR, gf

2.4 ALH TS R A

Jb ﬁi/wkfﬁﬂ(tiﬂﬂﬂf&%;j*ﬁ(l{sz\*c
SA2) TR, LU AR 3.9 (BI-23) ~49.4
mg-+ (1000 inh-d) ' (BJ-19) Z[&] (W& 3 fiw, 41
o/ W 3R IR 55 X AE H O Ik X/ B IX 15 K ).
i K F 25T 40 mg- (1000 inh-d) ~'AYI5K) 44
4%, 435K :BJ-19[49. 4 mg- (1000 inh-d) ~',
JEX ] . BJ-12[48.7 mg- (1000 inh-d) ™", FHIX],
BJ-13[42.1 mg- (1000 inh-d) ', EH X ]F1 BJ-4
[43.76 mg- (1000 inh-d) ', EHX ], HHRS X
¥r ok At s B ol 3k XL B far K AIRF 10

T S 2 LR BERTHETL, LR mg- (1000 inh-d) ~' 75K BJ-1, BJ-2, BJ-3,
S IV SBR fthcis e A0
wl ; G mw IR
1 . ' s ]
80 L
L

60

B

40 |

20 ¢

U Talng

BI-5  BJ-21  BI-6 BI-I7

BJ-18 BJ4 B9
FGRAEET

BJ-11  BJ-15  BI-7 BI-8  BIJ-13 BJ-14 BIJ-20

B2 M3EEIRTE 4 FKSKT HAOXKRE
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