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Table S1 SPE/MAE-UHPLC-QqQ - method performance (taken from Proctor et al., 2019 [1].

Class of Analyte Analyte Internal Standard Inter-day Influent SPM
instrumental (ng L) (ng g
performance

Prec. Acc. MDL MQOL MDL MQL
(%) (%)
Antibiotics and  Sulfasalazine Naproxen-d3 2.4 104.7 12.6 414 - -
Antibacterial Clarithromycin Methadone-d9 24 101.8 0.34 1.69 - -
Azithromycin Verapamil-d7 1.5 102.0 0.14 0.45 0.03 0.10
Trimethoprim Methamphetamine-d5 22 99.5 0.73 2.41 0.01 0.03
Sulfamethoxazole Benzoylecgonine-d8 24 96.0 0.72 2.38 0.02 0.08
Hypertension Valsartan Naproxen-d3 35 118.6 7.24 239 - -
Irbesartan Bisphenol A-d16 4.1 98.3 2.50 12.5 - -
Lisinopril Amphetamine-d5 7.2 95.2 3.25 325 0.04 0.43
NSAIDs Ibuprofen? Ibuprofen-d3 23 94.2 0.19 0.93 0.005 0.02
Naproxen Naproxen-d3 2.5 98.3 6.29 31.5 0.05 0.25
Diclofenac? Naproxen-d3 4.5 91.8 0.67 2.22 0.02 0.06
Lipid regulator Bezafibrate Bezafibrate-d6 2.8 97.9 0.64 2.11 0.02 0.05
Atorvastatin Naproxen-d3 35 100.9 0.17 0.85 - -
Diabetes Metformin Metformin-d6 1.3 97.0  457.0* 1509* - -
Gliclazide Quetiapine-d8 2.8 95.3 0.22 1.09 - -
Sitagliptin Verapamil-d7 3.0 110.3 0.06 0.22 0.004 0.01
Beta-blocker Atenolol Atenolol-d7 23 96.8 0.71 2.35 0.01 0.05
Metoprolol Metoprolol-d7 2.0 96.1 0.28 1.40 0.01 0.03
Propranolol Propranolol-d7 1.0 106.2 0.68 2.25 0.01 0.04
Bisoprolol Sildenafil-d8 2.0 96.0 0.003 0.01  0.0001  0.0005

Various Buprenorphine Anmitriptyline-d3 11.5 88.2 0.18 0.61 0.02 0.07

Antidepressants and ~ Venlafaxine Metoprolol-d7 1.7 90.5

metabolites 0.37 1.83 0.01 0.03

Desmethylvenlafaxine Metoprolol-d7 2.1 102.3 0.85 2.79 0.01 0.05
Fluoxetine Fluoxetine-dS 1.8 98.3 0.50 2.52 0.005 0.02
Norfluoxetine? Fluoxetine-d5 3.1 103.1 0.42 2.12 0.004 0.02
Mirtazapine Mirtazapine-d3 2.7 97.6 0.39 1.94 0.01 0.03
Citalopram Citalopram-d6 2.6 101.8 1.24 12.4 0.02 0.24
Desmethylcitalopram Citalopram-d6 3.0 103.4 0.31 1.54 0.01 0.03
Amitriptyline Anmitriptyline-d3 24 96.8 0.30 1.02 0.02 0.07
Nortriptyline Nortriptyline-d3 3.1 92.9 0.61 2.03 0.03 0.10
Norsertraline Norsertraline-d4 11.0 91.8 1.07 3.58 0.09 0.28
Anti-epileptic Carbamazepine Carbamazepine-13C6 1.6 92.7 0.27 1.37 0.01 0.03
Carbamazepine 10,11- Carbamazepine-13C6 2.1 89.9
epoxide 0.53 1.76 - -
10,11-Dihydro -10- Carbamazepine-13C6 5.6 93.8
hydroxycarbamazepine 0.99 9.94 0.02 0.25

Calcium-channel Diltiazem Carbamazepine-13C6 2.3 93.6

blocker 0.27 2.68 - -

Hypnotic Temazepam Temazepam-dS 1.6 97.9 0.18 0.92 0.01 0.04

Oxazepam Oxazepam-d5 34 94.3 0.20 0.66 - -

Lifestyle Chemicals ~ Caffeine Cotinine-d3 2.8 100.4 121* 581* - -

Cotinine Cotinine-d3 1.5 98.8 0.27 1.34 0.005 0.02
1,7-dimethylxanthine? Cotinine-d3 9.9 94.9 560%* 2165* - -

GUD/ED Sildenafil Sildenafil-d8 3.0 99.1 0.01 0.05 0.001 0.003

Anticancer Capecitabine Metazachlor-d6 2.8 89.7 0.002 0.01 0.001 0.003

' Author for correspondence: B Kasprzyk-Hordern@bath.ac.uk



Sample preparation

Liguid phase Solid phase
SPE (HLB): MAE
* Filter with GF/F filters (0.7 um) = 0.5 g freeze dried solid sample spiked with 50 ng of IS
* 50 mL wastewater, 100 mL riverwater spiked with * Extracted at110°C for 30 minutes using 25 mL 50:50
S0 ng of IS Hz0:MeOH (pH 2)
= SPE(HLB): SPE (MCX):

Condition: 2 mL MeOH, 2 mL H20 at<1 mL min™®.
Sample load at5s mL mint

Drying under vacuum.

Elution: 4 mL MeOH at 1 mL min™.

Evaporation: 40°C, N;

Reconstitution in 500 ul 80:20 H; O:MeOH

Condition: 2mL MeOH, 2 mL H,0 [pH 2} at <1 mL min™?.
Sample load (pH 2) at 5 mL min! Drying under vacuum.
Elution: acidicanalytes in 2 mL 0.6% HCOOH in MeQH;
basic analytes eluted in 3 mL 7% NH3OH in MeOH

= Evaporation: 40°C, N

* Reconstitution in 500 ulL 80:20 H,0:MeOH

Analysis by UPLC-MS/MS

ESI- ESI+
LC LC
= C18 column (150 x 1.0 mm, 1.7 um) C18 column (150 x 1.0 mm, 1.7 um)
* Mobile phase A — 80:20 H;O: MeOH; 1 mM NH4F * Mobile phase A — 80:20 H;O: MeOH; 5 mM NH40AC,
= Mobile phase B — 5:95 H;0:MeOH, 1mM NH;F 0.3% CH:COOH
= Flow rate 0.04 mL mint * Mohile phase B — 100% MeOH
* Gradient: 100% A (0.5 min) 40% A (2 min) — 0% A * Flow rate 0.04 mL min*
(5.5 min) — 0% A (6 min) — 100% A | 0.1 min) — = Gradient: 100% A — 10% A (20 min)— 10% A (6
100% A (8.4 min) min) — 100% A ( 0.5 min) — 100% A (7.5 min)
* Total run time 22.5 mins * Total run time 34 mins
* Column temperature 25 *C * Column temperature 25 °C
= Starting column pressure ~8,500 psi = Starting column pressure ~8,000 psi
= Sample manager 4 °C = Sample manager 4 °C
= Injection volume 15 ul = Injection volume 15 ul
MSs

sCapillaryvoltage 3.20kV » Source Temperature 150 °C » Desolvation temperature 200°C » Cone gas flow 100 L
h™t e Desolvation gas flow 550L h't » Nebulising and desclvation gas was N2 » Argon was the collision gas

Figure S1. SPE/MAE-UHPLC-QqQ — schematic overview.



Table S2. Daily loads of studied pharmaceuticals in wastewater influent (data supporting Figs 2-5).
WWTPA WWTPB WWTPC WWIPD WWTPE

z (mgday) (mg/day) (mgiday)  (mgiday) (mgiday)
:
% We 1831.5 2082.4 5050.6 950.4 36728.2
g Thur 1765.4 2274.2 5378.9 1002.2 33869.4
C% Fri 1756.0 2121.9 5033.7 937.3 34890.5
Sat 1670.4 2149.7 4442.1 1078.8 31483.5
Sun - 1903.8 4608.2 992.2 34951.6
Mon 2139.5 2225.2 5341.7 1134.4 33011.1
Tue 1507.8 2484.6 5722.2 956.8 32638.4
+SD +SD +SD +SD +SD +SD
We 325 10.8 438.4 27.2 262.1
Thur 43.5 170.6 84.7 29.8
Fri 27.1 98.0 735.4 44.9 1823.5
Sat 31.6 108.7 638.3 26.5 1747.5
Sun 371.9 18.4 32.7 112.0 101.6
Mon 182.6 216.6 632.6 17.3 3321
Tue 59.6 122.1 167.5 27.6 834.1
.g We 1333.7 13335 3331.0 728.6 29973.4
g Thur 1504.4 2105.8 2936.8 1115.6 31084.7
- Fri 1316.6 1470.6 4804.5 687.3 35662.0
Sat 1752.7 2019.2 4512.8 - 52154.9
Sun 2396.8 1209.0 2154.4 835.5 35763.9
Mon 3289.0 1261.6 4597.6 768.1 43903.3
Tue 2186.1 3032.2 4854.2 869.8 34979.3
+SD +SD +SD +SD +SD +SD
We 110.1 54.3 873.5 153.3 1031.4
Thur 174.3 137.3 156.8 405.2 4294.2
Fri 60.1 193.2 2433 52.1 3009.5
Sat 429.3 483.4 319.1 292.8 2217.0
Sun 84.5 54.6 130.6 150.1 1066.3
Mon 1497.4 75.4 237.1 30.5 3477.8
Tue 279.7 132.6 487.1 64.3 1156.6
.qé We 897.3 967.4 55716.7 312.8 21593.4
g Thur 877.5 1836.6 111669.5 581.5 26827.6
§ Fri 975.2 1089.4 52525.8 248.1 23949.9
Sat 1410.0 1737.9 128764.8 670.0 50858.2
Sun 4373.7 862.8 92165.5 529.7 22167.9
Mon 3342.6 3265.8 38924.8 400.9 55415.9
Tue 4330.8 2957.9 44811.5 565.0 28287.4
+SD +SD +SD +SD +SD +SD
We 256.6 37.7 24648.8 167.4 741.3
Thur 128.1 41.7 20890.8 359.7 7322.0
Fri 113.2 217.9 3719.6 0.0 5853.1
Sat 361.8 90.3 31962.9 395.6 32345
Sun 118.8 122.0 37777.5 274.2 2593.2
Mon 2445.8 62.8 386.0 33.0 16958.4

Tue 505.2 549.3 5608.0 47.9 11453



Analyte

Carbamazepine

Carbamazepine 10,11-epoxide

Capecitabine

Thur
Fri
Sat
Sun
Mon
Tue

+SD

Thur
Fri
Sat
Sun
Mon

Tue

Thur
Fri
Sat
Sun
Mon
Tue

+SD

Thur
Fri
Sat
Sun
Mon

Tue

Thur
Fri
Sat
Sun
Mon
Tue

+SD

Thur
Fri

Sun
Mon

Tue

WWTP A
(mg/day)

4100.6
3707.9
4192.2
4041.6

WWTPB WWTPC

(mg/day)

4264.7
6527.6
5630.5
6483.5
4672.6
5632.8
6242.6
+SD
25.5
59.9
15.3
43.1
28.3
77.6
65.6
1276.5
1062.1
946.1
1222.4
937.6
602.5
1191.8
+SD
25.5
59.9
15.3
43.0
28.3
77.6
65.6
97.8
83.4
445
36.5
96.5
72.5
0.0
+SD
40.9
3.0
16.3
1.5
5.0
0.9
0.0

(mg/day)

WWTP D
(mg/day)

5773.1
4101.9
4010.6
3779.2
2249.2
2477.3
2551.8
*SD
58.4
7.5
62.0
20.7
135
75.4
34.2
478.0
516.4
420.8
595.7
560.9
671.7
465.0
+SD
58.4
7.5
62.0
20.7
135
75.4
34.2
111.0
102.1

60.0
91.9
67.6
55.2
*SD
0.9
9.7
11.9
4.2
5.8
0.4
3.9

WWTP E
(mg/day)

99453.0
100073.6
113003.8
102325.3
100453.0
126000.6
103209.4
+SD
311
0.0
2846.8
71.6
819.5
715.8
616.6
12181.1
12822.6
9423.9
15229.8
13529.7
14792.9
13809.4
+SD
311
0.0
2846.8
71.6
819.5
715.8
616.6
2069.0
3589.5
2135.1
4328.2
2824.7
4785.4
2661.6
+SD
28.3
204.4
205.6
161.5
415.0
1121.3
248.8



Analyte

Sildenafil

Diltiazem

Venlafaxine

Thur
Fri
Sat
Sun
Mon
Tue

+SD

Thur
Fri
Sat
Sun
Mon

Tue

Thur
Fri
Sat
Sun
Mon
Tue

+SD

Thur
Fri
Sat
Sun
Mon

Tue

Thur
Fri
Sat
Sun
Mon
Tue

+SD

Thur
Fri

Sun
Mon

Tue

WWTPA WWTPB WWTPC WWTPD WWTPE

(mg/day)

76.1
64.9
89.3
162.4
109.1
90.8
108.0
+SD

(mg/day)

64.7
113

203.9
192.7
166.2
99.3
108.7

+SD
29.0
66.2
17.3
7.4
34.0
34
18.9
2584.4
2556.2
2551.3
2856.4
2363.7
2992.1
2190.4

+SD
95.4
80.7
144.5
126.1
108.4
204.7
6.8
5102.5
4128.7
6365.5
5605.8
4228.6
3611.8
5666.6
*SD

32.7
20.4
104.7
17.7
63.6
142.4
7.7

(mg/day)

244.4
217.3
306.4
286.2
299.3
384.9
292.3

+SD

40.3
4.4
13.1
32.1
73.2
80.7
50.5
4258.2
4637.1
4760.4
4511.0
4561.9
5817.8
6303.3
+SD
362.6
215.5
1.6
47.1
88.2
145.1
156.8
8217.1
6501.9
6033.8
5693.3
5427.3
11278.2
9283.1
+SD
422.8
48.7
41.4
59.6
96.2
56.0
47.0

(mg/day)

48.6
39.1
28.9
48.9
75.8
60.2
45.4

8.1
1.8
2.8
5.6
28.8
2.2
20.9
1606.7

1421.9
1184.3
1307.9
1009.8

+SD
59.3
135.9
2.0
67.6
160.8
96.2
108.9
31335
1450.4
2351.9
2675.1
1715.1
2085.2
1245.8

+SD
70.9
308.2
60.4
76.1
75.4
47.1
14

(mg/day)

2941.6
2770.7
2974.8
3606.9
3803.8
2813.9
2725.6
+SD
77.1
503.1
489.7
246.5
139.4
671.8
275.2
53299.3
53344.0
43937.6
54969.8
49407.9
56089.1
32597.7
+SD
1052.9

1402.8
587.8
1708.9
865.0
181.4
71177.8
54681.7
88846.6
82123.8
57109.6
62034.9
55230.8
+SD
751.6

1699.0
1303.0
3072.4
4251.7
1364.7



Analyte

Desmethylvenlafaxine

Thur
Fri
Sat
Sun
Mon
Tue

*SD

Thur
Fri
Sat
Sun
Mon

Tue

WWTP A
(mg/day)

4830.3
4877.3
3985.1
3742.3
5336.6
3242.7
4323.6
+SD

32,5
104.8
51.8
147.2
10.9
177.5
65.2

WWTPB WWTPC

(mg/day)

8293.7
8380.6
6719.8
7000.0
6944.2
9637.9
8228.1

+SD
32.7
20.4
104.7
17.7
63.6
142.4
7.7

(mg/day)

11425.2
11672.5
11473.0
10792.6
10544.8
14488.0
13101.6
*SD
422.8
48.7
41.4
59.6
96.2
56.0
47.0

WWTPD WWTPE

(mg/day)

2914.6
3526.7
2859.3
3289.6
2663.9
3454.6
2123.9
+SD
70.9
308.2
60.4
76.1
75.4
47.1
1.4

(mg/day)

89994.8
88623.9
69506.9
71397.0
77044.5
81675.2
68002.0
*SD
751.6

1699.0
1303.0
3072.4
4251.7
1364.7



Table S3. Daily loads of studied pharmaceuticals (with suspected direct disposal) in wastewater influent and
effluent (data supporting Fig 6).

P Influent Effluent River
= (measured) | (measured) | downstream
g (mg/day) (mg/day) (estimated)
< (mg/day)*
<] we 1831.5 1312.1 2296.7
g Thur 1765.4 1162.2 1809.9
z Fri 1756.0 1265.5 2329.4
:é Sat 1670.4 1224.2 2006.1
% Sun - 1217.9 1898.3
& | Mon 21395 - _
Tue 1507.8 1554.2 3048.7
+SD +SD +SD +SD
We 32,5 46.0 110.2
Thur 43.5 47.4 77.7
Fri 27.1 23.5 65.1
Sat 316 29.6 41.6
sun 371.9 17.9 23.6
Mon 182.6 7.3 82.7
Tue 59.6 63.6 242.2
al we 728.6 108.4 108.4
g Thur 1115.6 129.0 129.0
2| Fri 687.3 140.4 140.4
E sun 835.5 143.6 264.2
Mon 768.1 134.4 134.4
Tue 869.8 110.5 110.5
+SD +SD +SD +SD
We 153.3 6.3 6.3
Thur 405.2 4.1 4.1
Fri 52.1 13.9 13.9
Sat 292.8 9.8 64.4
sun 150.1 12.7 35.8
Mon 30.5 5.3 5.3
Tue 64.3 7.0 7.0
< | Wwe 4100.6 5078.7 12,166.2
g Thur 3707.9 4716.3 10,624.4
2| Fri 41922 5090.6 15,193.5
Q%; Sat 4041.6 5359.5 12,498.7
g sun - 5573.2 10,213.8
£ | Mon 7345.4
C ol Tue 3627.4 5511.8 15,548.6
+SD +SD +SD +SD
We 23.28 58.7 490.5
Thur 37.00 22.6 25.1
Fri 27.87 15.0 379.2
Sat 25.64 151.8 332.9
Sun 43.11 52.4 52.4
Mon 113.83 133.7 245.9
Tue 47.18 17.8 189.6




a We 111.0 18.6 18.6

g Thur 102.1 20.4 20.4

E Fri - 94.5 94.5

-_q_é Sat 60.0

B Sun 91.9 43.2 43.2

§ Mon 67.6 11.8 11.8
Tue 55.2 5.9 5.9
+SD +SD +SD +SD
We 0.9 2.6 26
Thur 9.7 2.2 2.2
Fri 11.9 1.0 1.0
Sat 4.2 5.5 5.5
Sun 5.8 5.5 5.5
Mon 0.4 2.3 2.3
Tue 3.9 2.4 2.4

m | We 64.7 123.0 123.0

E Thur -

2| Fri 203.9

Cé Sat 192.7 322.0 322.0

é Sun 166.2 298.9 298.9
Mon 99.3 374.7 446.4
Tue 108.7 274.0 440.7
+SD +SD +SD +SD
We 29.0 11.2 11.2
Thur 66.2 19.9 149.6
Fri 17.3 30.5 42.7
Sat 7.4 1.5 1.5
sun 34.0 3.2 3.2
Mon 3.4 9.8 59.8
Tue 18.9 51.1 165.2

A | we 383.1 383.1

g Thur 419.6 419.6

2| i

E» Sat 1421.9

I'g sun 1184.3 417.3 417.3
Mon 1307.9 376.1 376.1
Tue 1009.8 383.7 383.7
£SD £SD +SD +SD
We 59.3 26.6 26.6
Thur 135.9 5.9 5.9
Fri 2.0 19.8 19.8
Sat 67.6 53.2 53.2
Sun 160.8 1.6 1.6
Mon 96.2 57.3 57.3
Tue 108.9 25.8 25.8

* Estimated by adding daily loads in wastewater effluent to loads already present in the river water upstread from a WWTP discharge point.



