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Stability of cannabinoids and the major bio-metabolite in
domestic wastewater

LIN Xin CHEN Zhixiang ™ LI Xianguo ZHANG Dahai ™
(School of Chemistry and Chemical Engineering, Ocean University of China, Qingdao, 266100, China)

Abstract In recent years, sewage epidemiology-based drug testing techniques are increasingly used
in cannabis abuse assessment. The stability of the main active substances in cannabis and the bio-
metabolite is critical to accurate determination of the concentration and the assessment of cannabis
abuse. In this study, the stability of tetrahydrocannabinol (THC), cannabinol (CBN), and cannabidiol
(CBD) in domestic wastewater under dark and light irradiation was investigated by the standard
addition method. Their stability was compared with that of tetrahydrocannabinoic acid (THC-

COOH), which is a major bio-metabolite of cannabinoids in human body. A multiple linear
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regression and correlation analysis was adopted to evaluate the effects of sample storage time (7),
water quality parameters (including chemical oxygen demand (COD), ammonia nitrogen (NH;-N),
total phosphorus (TP), total nitrogen (TN) concentration and pH) in domestic wastewater on the
stability of THC, CBN, CBD and THC-COOH. The results showed that the degradation of THC,
CBN and CBD in domestic wastewater, both in dark and under light irradiation, produced very low
concentrations of THC-COOH within 18 h, and the degradation was accelerated by light irradiation.
THC, CBN and CBD in domestic wastewater were less stable than THC-COOH within 24 h. The R?
values of multiple linear regression model, for correlating the removal rates of the four target
compounds with sample storage time () and water quality parameters in domestic wastewater, were
greater than 0.89 in any case. At a confidence level of P < 0.05, the removal rate of THC had a
positive correlation with #, and those of CBN and CBD both had a positive correlation with ¢ and
NHj;-N, and that of THC-COOH had a positive correlation with ¢ and a negative correlation with
NH;-N. Therefore, when using domestic wastewater for cannabis abuse assessment, THC-COOH
was better as a target analyte. It is also essential to store samples away from light and complete the
test as soon as possible after sampling (preferably within 24 h) for accurate assessment of cannabis
abuse.

Keywords tetrahydrocannabinol, cannabinol, cannabidiol, tetrahydrocannabinic acid, stability.

AR, AEVE 705 E R ARG AR ok T, JROBRIZR ¥ A A 4 3K 91 T PN (8 P i)™ %) s e 4 Jot
(2021 4 B BEIG T2 St Y 48 Hh, A6 58 Hi X R 1) 3 [ A KR 3G I, 95 S FR ] 23 AN 0. R,
Xof L KRR T P A O R AT HE DAL AN EE 2L R TR SO R A R R RIBRRE , A 48 B S L R AR
PEY) TR A T 1 e SR AR A O I 75 N UL, V5 7K A T 2 SR B B 4 | 2 ORI S ek W 0 26 ) 347 23
55 AAFF S 2 T A A L R IS K B AR DA PRI A B, H LA RRAR Y A 3
FORE FE ME B3 PU & KRR 85 (tetrahydrocannabinol, THC ) 4 AE #4814 DU & KR Z (tetrahydrocannabinoic
acid, THC-COOH) i HARK M 4 9. {H i F THC-COOH & THC AMACISHE B9 7= 9y, A6 45 FAL R
W T 4 AR A I 8 4, Z W T 3 ik IR AR A A S A K R b g R 4T, DRt SR
THC-COOH 1E by A= ) 5 75 9 VAl FRR A FH B | 38 390 R JRR Ok R B A7 #E — 22 19 22 . THC. KR
( cannabinol, CBN) Fl K ik —. ¥} ( cannabidiol, CBD) & K RAE 4 1 1) = Fir 3= B2 36 P p 418 19, 28 AR
1 AR R E A TS K AR BE R ek A SRR EE H, DL THC. CBN #1 CBD 188 H br¥ A7 KRR Al
FHVEAS AT R s HA A SR

A TG KR AR A P L A B A T AR s L TR R L AR TR AR o A A I 1R R R
AKNATT H R A 3 i B 0 AR 25 A NP U, DL RO TR R I T e,
HerP A A RO A AR = At 3 e A T TS K HE R BN R B . DR, AR AL B AY AR TG VS K i g X s
YA B AR R B, R T5 K AT 2R Y A B R AR (EURS P M o R A g e B e A
—ERRE I 2 K R AR IR, 53— T, KBS B S — 5 R 5 A R ) I R AR
PR R RR E PEDC L AR U, T K R RS M S R LA M AR e M ST KK R SRR R
P 2, A, 2 24 3% 35 7K FP A9 COD. NH;-N, TP, TN, pH % 5:A K i 4%, IEF 58 & 4115 THC,
CBN. CBD #ll THC-COOH Fa @M X &, A B X AR i 15K i ik H AR P a4 7 58 o 1) 5 12 20 AT

AHFFE B EUTE 5 T V5 K A BT AR 1 TS KRR ORI ST L T, SR s K I B TR R HERf M, SR
FAFRHEINA s, AR50 FIOE IR 2544 T, 18 h AR & V5 /K bRk vh THC, CBN M1 CBD fy%a s 145 #R5%
JkR 5 RE S 24 h N THC, CBN, CBD Al THC-COOH ()¢ 8 25 Ak, I ] 2 W 300 iy ik AR 5 7K /K o 54
() A5 AR O, 38 3 22 e 2Pk [T A AR G 73 AT 98 H AR ZE AR TS 15 K h iR e M SOk TS B C R,
R E i E AR SRR
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1 M5 77 (Materials and methods)

1.1 SR 5

A5 7 3 B R B A5 A0 45 - Qtrap 5500 plus U35 AH {6 13% - i i 16 FHAY (35 [ AB SCIEX /A #) )5
SPE [& #H#£ B (SUPELCO A w] ) 5 12 38 18 Z WA (BTN B BRAL 384 PR F] ) 3 XW-80A T e iR & e (-
TSRO A FRZ2S 7)) s DR2800 AU 43566 1 11 . DR200 AU 31 fif A% (3& [ HACH /A 7] ) ; SHZ-D (1) i
KA L EZFE LT THEINESA R TEA T ; 0.22 pm A WU E RS ( FIE 2635 Sc i R N A
FRAFD.

FEHEA AL ALHE: Oasis MCX [EAHAEHU/IVEE (32 [ Waters 24 7)) ; R A IRAF £ (0—50 mg L) |
COD 71 £ (20—1500 mg-L™") A1 TN &7 £ (0—150 mg-L™") (35 [E HACH A #)) ; MBHRH & (T
WAE IR R B A BR A A ) 5 bR oE G A% £ W THC-COOH( 1 mgrmL™) . THC (100 pg'mL™) . CBN
(1 mg'mL™") 1 CBD (1 mg-mL™") LA XA A bRt & K THC-D3. CBN-D3, CBD-D3(¥J25 1 mg'mL™") (3&
[ Cerilliant 23 7)) ; R 8% (S Hrali, [ 25 B2 AL 24 A BR 2 7)) 5 FEEE . AW e . W IR COROAHH €2
9, J&K H R T . AT KR E Y bR i BRI 2 I R B SR | R B & 8, T M i A
BEHB ISR AE PR .

1.2 FEACRE

AN TR FH 25 I AEAS [R) 15 7K P AU PR AR AR A R 2 5, 38R AT LA o8 VA m 2% T 70 400 o) 2 0 0 2 A
R AR B 25 0 o ik T B, A A MR R R R 9 /KA 2 pH = 2 4, ZRUB AR 8 5 AR bR 4 i) B A o
VEPEA 18 I AE i 25 A AR T RIBRZE W o S H A YR = i 5, BRI A% 1 T 25 ) Wi If 1)
TEIURE ) B0 FES R AE R AT LIBRSEATAE K2 1 AN A B R, A= 35T5 K B IR A8 3 5 1 575 7Kk Ab
JUREESG , ANTRALKE i, HHVR R IR FE. /KA THC. CBN. CBD Hl THC-COOH (1) 4] i vk i 341
Ak (I TR R
1.3 FE TR T

THC. CBN. CBD RiAb 3 J5 i: V2 R iR SO 2 = AL VR 5 (. 1) 50 mL ZKEE 750 50 pL ¥
& 2 200.00 pg-L™' THC-D;. CBN-D;. CBD-D; W #r iR & % ¥, LA 1—2 mL-min™' /% Ji # & Oasis
MCX #HUFE (25 6 mL HEEF 4 mL 4K & 67A7) & 4, & B 5 BT 280K 0, 2B H 6 mL
RS FEA TR, VRV /N T 1 mL-min”', AR, ZEK T 40 °C A TR 2L T, A 200 uL H
B S VSR B, TR IE 40 s, 28 0.22 pm A HLARJE 2 8 e AR IR BEOG OR A7, 750U, X THC-COOH Hij &b BRI,
B T AN 0.22 um A HULAHJE e L gEAh, Hofh i 5 Bk —3
1.4 AR P ik

AHFFE R I QTRAP Enabled Triple Quad 5500 plus + %Y 9AH (3% - B3 e AR I H AR, (il AE
A Kinetex 2.6u BiphenyLC(100 mm x 2.1 mm).

1.4.1 THC. CBN. CBD ¥ AH (- BT i 5 AL o3 B 2544

T AR 4350 R 2 mmol- L™ FHEREX + 1% F R R 4L /K 5 1 (A AH), (B AH), J# N 0.3 mL-min!,
HERE 2 pL. RSN AR GRS B L% 1.

% 1 THC. CBN, CBD &l Y LC-MS/MS i s A0 2 B 6

Table 1 LC-MS/MS mobile phase elution gradient for the detection of THC, CBN and CBD
FisJ ] /min

Time Al% B/%
0.0 95.0 5.0
0.5 95.0 5.0
6.0 5.0 95.0
8.0 5.0 95.0
8.1 95.0 5.0

10.0 95.0 5.0
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FEig AR MRM 4, B IR %5 2 U8 (ESD, <AF U (CUR) 4 30 psi, #ilff# < (CAD)
9 psi, B AL E (IS) 24 5500 V, i B (TEM) 4 550 °C, & 48X h ESI(+), Bi% < 1 R (GS1)
55 psi, Bi% < 2 N (GS2)60 psi, THC, CBN #1 CBD K HAH I PIARAREES T FIENE . &8 T R fr ke
(m/z) AR BT 280 L 3% 2.

R2 EBRYES TR KRS A6 I 24
Table 2 Targeted ion pair and corresponding mass spectrum parameters for targets detection
BB R T TETER T

SEIRYI0 Parent ion Quantitative ion Qualitative ion R i]/min
Target substances m/z m/z DP/V  CE/eV m/z  DP/V CE/eV Retention time
THC 315.1 193.1 80.0 3230 2594 80.0 2730 7.33
CBN 311.0 223.1 80.0 3024 2413 80.0 29.60 7.21
CBD 315.1 193.1 80.0 3230 2594 80.0 2730 6.91
THC-D; 318.3 196.3 80.0 29.88 262.1 80.0  28.87 7.30
CBN-D; 314.1 2233  100.0 31.00 2963 100.0 25.79 7.20
CBD-D; 3183 196.3 80.0 29.88 262.1 80.0 28.87 6.91
THC-COOH 3572 3132 100.0 -35.00 2453 100.0 —45.00

. DP—— LR, CE— i fE .

1.4.2  THC-COOH ¥ AH o3 - i 3¢ FH AN 43 Bt Z% 44

A2 54 5 mmol- L™ HEREL + 0.75 %o Y iR 48 2 K I T (A A1), 1%0 H R Z 5 (B AHD) , Tt 8k
0.3 mL-min "', #EFE 2 uL, i shAHPEBERR B UL 3. Bk 4 Fi A =X MRM 14, 27 U500 g 55 5 1 I
(ESD), <75 <. (CUR) N 35 psi, flff# <. (CAD) K 9 psi, B 4L HLE (IS) H-4500 V, #HJE (TEM) i 500 C,
5325 1} (GS1) 50 psi, Bi%5 < 2 A (GS2) 50 psi, THC-COOH By H} 55 T FE Pk | 5 &8 B 1 1Y Jo fr Lt
(m/z) B AHDN i S 5L 2.

% 3 THC-COOH Fill ) LC-MS/MS i 8l AH U B 1 JiE
Table 3 LC-MS/MS mobile phase elution gradient for the detection of THC-COOH

Fs} [] /min
. A% B/%
Time
1.5 95.0 5.0
34 5.0 95.0
5.0 5.0 95.0
5.1 95.0 5.0
8.0 95.0 5.0

1.5 Hin¥e sk R sl 5 05 (QA/QC)

THC. CBN #il CBD % i A5 i & . B2 BGE B THC. CBN F1 CBD K HAR AR P bs 0 b i 35 e, HY
A% B 4 300.00, 250.00, 200.00., 150.00, 100.00. 50.00, 25.00, 12.50. 6.25. 3.13. 1.56 ng-mL "' & 5
Y ARV 5 T 1) G 0 s R A R e v B ARG 380 1 A I I, e IR 1.4 17 v ) SR 2 BT A KR L
M.

THC-COOH ¥ JH 4 12 5 . %% B 8 THC-COOH F Ml T VE %5 W, TP s A 8 S ik I3 43 01 Sy
250.00. 200.00. 100.00. 50.00, 25.00. 10.00, 5.00, 2.50, 1.00, 0.50. 0.10 ng-mL" AFRE T, FiHe E
AR 3 & B8, 4% BR 142709 A A 40 B 25 A0 B BLIN . £k 1 Il )9 7 2 L 6 4. 25 SRR W, THC,
CBN F1 CBD 7£ 1.56 — 300.00 ng-mL " J [l P . THC-COOH 7E 0.10 — 250.00 ng-mL "y [l N, R* #4
KT 0.99, LMK R RUf.

AR UERCE i, ASBIFSE SR IBCT TR 1 o 4 S IR B (QA/QC) B, T EAUFE: Mg 1 (LU
A1 o el = DI P U o b i = Nl = )1 7 1 O TN G O = ST I ) 1 7 i 7 o ol o 9
(40.00 ng-L™") , #1(200.00 ng-L™") | #(800.00 ng-L™") 4 3 MV BERL L. 45 10 4UAE S 45 I — 4155 F
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AU ASTAR R ) A1 BE A 2 (OIn A8 1= TR A B TR T (200.00 ng- L) AT AR ).

% 4 THC. CBN. CBD #il THC-COOH Fr#fk fft (I ek B )5 F2 (n = 11)
Table 4 Linear regression equations of THC, CBN, CBD and THC-COOH standards (n =11)

SR 7)o 2 ednl Ry HXRERE(R) % i1 B/ (ng-mL™)
Target substances Linear regression equations Related coefficient LOD
THC Y=1.26160 X+ 0.00413 0.9979 0.14
CBN Y=10.79960 X + 0.08911 0.9975 0.28
CBD Y=0.96553 X —0.00675 0.9985 0.21
THC-COOH Y=21815X—-43168 0.9967 1.62

AR E A 2l BEEFS A 2 ARERS ARG IR B ARy (KRR ), P mEsEr
B R R TE 80.8% — 102.2% =2 [a]; 4  H #r%) THC, CBN, CBD #l THC-COOH #4453 4 filFx [al it 2R
35K 101.2% — 116.4%. 93.7% — 116.5%. 97.6% — 111.1% H1 102.3% — 109.9%, FE & Jinr [l ik
TR 3N 79.9% — 118.7%. 98.8% — 118.7%. 82.1% — 117.6% Fl 112.5% — 118.6%. X Lbzt L
FEU, SRAE LR A A BERD S B ARG I 1o R DA R BT AR Y R AR AR B AR G, I IR R A
LB 3 AT 3R (70% — 120% Z[8]), HALER AR o0 i R v ik FRe2k B 47 TARIRES.

2 %55 59718 (Results and discussion)

2.1 JEREXFAE TG V57K H THC, CBN Al CBD £ 5 T A4 52 1

B 50 mL A= 1% V5 K RE S, 28K K BE Hh THC. CBN. CBD 1 THC-COOH [k 5 4 K A4t (I T
KRR, 388 0.00 ng-LY) . 8] K EE HF 3 il THC. CBN Al CBD IR & bR #EY), HARY) If &k JE h
400.00 ng L', # YL kEEFEIE T IRAF 18 h 5 iE AT 20T, 45 R an &l 1 s, ol LA £, 157K g i THC,
CBN #i1 CBD Ji7, Bfi & f-6iff I 18] B9 2E 4, ToiemE G s0OE R, 5454 il— € £ 7Y THC-COOH( 18 h iif
FE i ARSI R B 43901 R 1.86 ng- L™ A1 1.92 ng- L"), FLFfAFA# BsJ [H] A 384 /111, THC-COOH ) ¥ J3 347 52 1
JnEa . Heuett 52 DAk, 35 5 76 B 88 T KRS A SRR EE by, ol sl /K A L 0 SR RTEUIR A T 3 0,
5] A—OH. —NH,. —SH. —COOH %F R 41 ; How Z£21 A &, THC 7£ 75 /K H i] e 23 W& 7 24 THC-
COOH. A= S5 /K A v & B IR THC-COOH A 1T B8 h THC 7642 1% T5 /K il 1 51 A KR 3 BE 1A 2B .

e T (a) 130 . - 700 — ®) 930 -
Q600 —A— THC % & —A—THC :
S —— CBN 425 o &e00f ——CBN d25 5
‘g 500 - —e— CBD £ E —e—CBD £
£ —8— THC-COOH 420 € 001 —8—THC-COOH 1, 8
£ 400 | s = i
p E g 00 % E
E 115 & E 9 H415 &
$ 300 |- 2 g 2
3 300 - 38

o] o
& 500l 10 a 410
O 200 Q @] L Q

o o) ~ 200 o)
= SR <
O 100 - . 15 9 O 100k 15 9
g \i\. - E o \2\7 ] E
g o M H =<, | g ol w = i

0 3 6 12 18 0 3 6 12 18
Preservation time/h Preservation time/h

Bl 1t (a) MOBHE () & T A6 75K iARAE T THC, CBN. CBD il THC-COOH Hi¥k i 72 fL €]
Fig.1 Concentration changes of THC, CBN, CBD and THC-COOH in spiked domestic sewage in dark (a) and under light

irradiation (b)

o B ELWLHL A THC, CBN Al CBD 7EAE i 157K H A A%, AT 2 A 25 bR (el 13158 ) ok 3k

i H bR e BE AR AL . 25 B A B ORAT I TR 9 A2 AL 3% 5 .

ini Cﬁn

C
R(%) = x 100% (D

AP, RN AR LR, %; Coi N AR B IR E, ng- L5 Crn RN TEAFREA [ 18] )5 B89 H AR YY)
W JE B F-I{E, ng L7
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®S5 DL OLMAMT 18 h NAETRTS/K T THC, CBN #1 CBD # R
Table 5 Removal rates of THC, CBN and CBD in domestic sewage within 18 h in dark and under light irradiation

TRAFZAF {RAFI 18] /h R%
Preservation conditions Preservation time THC CBN CBD
0 5.16 £6.03 -0.36+1.29 1.69 £ 12.85
3 85.93+1.99 90.32+£0.38 76.68 £ 0.67
AL 6 87.63 £2.67 91.12+4.81 85.75+6.72
In dark
12 95.40 £ 1.90 98.94 +£2.99 87.81 £1.59
18 97.50 £ 4.40 98.23 £ 1.16 97.77 £ 3.43
0 10.93 +4.10 -4.92+1.06 1090 +3.24
3 90.57 £3.58 92.53+0.41 82.59+2.15
Y- HE
. 7% o 6 94.43 +8.90 94.93 +1.58 86.45 + 6.75
Under light irradiation
12 95.40+0.73 98.30 = 1.45 95.79+11.87
18 98.96 +2.45 98.64 +0.43 96.63 £5.19

25K, LI T THC. CBN fil CBD 1Y L BRFH & TG T, viDG R —a B L 2sn
P THC. CBN #il CBD 7E4: 1 15 /K PREE AR A, 3K 5 PNAE R 221, A ) A (R 285 SR — 30 A AT I e IR
JERZI KPR ZE PR A T R R LA ot i Bk AR A7 B F S8 A b i THC. CBN F1 CBD.

Boix 45 (M FE 25 524 KB, 78 HARIABE R G IRAAE T, KRR 28 il T 4 i THC-COOH 4b, it
Al 38 L 8 Ak 52 N TR O R B 1 Y 2% Y 64k 45 0B AR B CagHpeOg CpiHagOgy CagHogOgn CoH 304,
CoH ;504 S
2.2 ARAEBF R XA 1% Y57k B THC. CBN, CBD HI THC-COOH K 5 M 4 5 il

B 5 i DR AF B[R] SE 4, JE I8 sk Y a6 B 25 R T A2 1% 5 K bs A% (i THC. CBN =% CBD) 344
THC-COOH A= 5 Syt e 78 Fa g MEAF 5% Hh ™= A2 A B 5%, ¥ THC . CBN 1 CBD 5 THC-COOH 1E A
ANph ST AR R FEATREGE. 28 B K AET N A THC. CBN 1 CBD R4 bR TAEVA W UL B2 THC-COOH #ifE
VWL, HAR Y U6 0 B R 3 3 R 400.00 ng- L, H R EEELRAE 0L 3. 6. 12, 18, 24 h J5 #1743 4T1. 24 h
W E PRI AR AN ] 2, FeBRoR (e 1 315 25 R WLk 6.

600
=—THC
500 CBN
—+—CBD
—e—THC-COOH

&~

(=3

=3
T

)
S
S

T
/

Concentration/(ng-L™")
(%)
(=1
=

=
(=3
T

ol —_— e,

0 3 6 12 18 24
Preservation time/h

B2 A TS K bR S R EG PR AE 24 h 9 THC, CBN, CBD il THC-COOH #2451k,
Fig.2 Variation of THC, CBN, CBD and THC-COOH concentrations in spiked domestic wastewaters over 24 h in dark

i [ 2 F15% 6 AT, BEG 451 F A2 3% 75 /K i THC. CBN, CBD F THC-COOH Ay 46 HY ik Ji 241 Bl 77
fith B 1) 79 ZE < 777 [ AIC. THC. CBN H1 CBD A9 25 B 3 BE PR, 77466 3 h J5 BR800 3k 3] T 92.09%.
92.27% #il 86.61%, 24 h iy THC Fl CBN £ #% 5¢ 4= 2 B, CBD 2% Bk % & 98.39%. HJ THC. CBN Al
CBD 7G5 /K e e 22, — r vl RE S5 K e £, Rt T BARYIREfR A ¢, 55—
T T RRR 2 ELAT KV, B W B e s 4L i AR B AR (5 08) Fh Y, 53X 5 Carmona 4525 7
TURR A v A I 21 THC ¥ & R 42.00 ng-g™', T £ [7] — Hiu a5 14 KRR o R A6 1) THC 19 BIF 55 45 1 — 3K
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THC-COOH 7& A= 1% 15 /K WP B B R 5551, 24 h PN £ R R YEFF7E 20.13% — 34.86% Z 1], @ & T
THC. CBN F1 CBD. [F i, %A= 1% 75 7K FEAT KRR FPEAS Ik, L THC-COOH £~ H AR T4, JH4E 24 h
PN S8 3 A A

F 6 LRI AKIMARIE RS EDEALAE 24 h N THC. CBN. CBD Al THC-COOH 1 23 f %
Table 6 Removal rates of THC, CBN, CBD and THC-COOH in spiked domestic wastewaters within 24 hours in dark

TRAFRFR]/h Ril%
Preservation time THC CBN CBD THC-COOH
0 7.69 + 7.60 -1.90+7.07 431+5.15 20.13+£3.22
3 92.09£0.10 92.27+0.78 86.61+1.52 23.72£1.56
6 97.88 +0.09 93.49 +0.94 88.27 +0.28 34.09 £2.86
12 95.95+0.21 95.62 + 1.45 94.50 +2.88 32.95+0.47
18 95.55 + 0.40 96.72 + 4.64 95.04 +0.32 33.79 £2.20
24 100.00 + 0.00 100.00 =+ 0.00 98.39 +0.26 34.86 £2.54

2.3 JKESHOH AR5 7K T THC, CBN, CBD F THC-COOH 2 7€ 1 it 5% i

] A T TS K R A BFR¥E S, ZKEEH COD, NH5-N., TP, TN ¥ B Fl pH {H 28 (L EaH a5 3 s,
i & 3 R, A2 3% 5 K i A THC, CBN Al CBD Jii, 24 h P COD ., TP i Ji K6 A7 % st 6] 38 fin S R A 5
Fh i FEREAR, NH;-N Ve B2 320 W7 -, TN MR B2 AT pH A 56 T J5 B I i A THC-COOH J&, COD ¢ £ B
A A ST TR) 150 58 B3 AP T v PR BRI, NH-N Ve B8 30 7 R A, TP Ve B S B AIR S T i, TN Wk BEAE 37 —
55 mg L' JEEN I3, pH (A JC T i Ja BRI
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Fig.3 Variation of COD (a), NH;-N (b), TP (c), TN (d) concentrations and pH (e) within 24 hours in dark after adding
THC, CBN, CBD and THC-COOH to domestic wastewaters
S s 42 T 75 K o THC. CBN Al CBD A & THC-COOH Fa i V5 A7 18] () . 7K i 2 8k = [l iy
KFR, ARWGFER B L 53 Bk, XA 6 15 KR S AR A B2 v A 28 4t (¢, COD. NH3-N. TP, TN ¥ i 1
pH) 5 [K & & (THC, CBN, CBD #ll THC-COOH 2 k%) #EAT ZJu P 0. S M2 W45 1R, A
AR VIF H 4/ T 10, AAEAE 2 EILA M, v 47 2 04k 73 . Jl i SPSS statistics #1353
[l 75 78 (sl (2) — X (5)), T2 E R 7 Fros. Irf AR ) R KT 0.89, PIEAR T
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Table 7 Variance analysis for the correlation between removal rates of THC, CBN, CBD, THC-COOH in spiked domestic
wastewaters and sample preservation time ¢ as well as common water quality parameters

Targszxyfl?sfnces F r K
THC 7.602 0.021 0.901
CBN 6.878 0.026 0.892
CBD 8.253 0.018 0.908
THC-COOH 14.550 0.005 0.946

PR TG K IARRE it AR 2R BR AR A 2250 [T VAT /53 550 08 -
R(THC) (%) =-3217.549+4.164 x X, +0.221 X X, — 1.554 X X; + 18.800 X X, +2.082 X X+ 362.822 X X, +4
(2)

R;(CBN) (%) =-3402.371+4.657x X, +0.207x X, —1.709 X X5 +20.932 x X, +2.084 X X5+ 387.007 x X, +
3>

R;/(CBD) (%) =-3244.494+4.338xX,+0.272%x X, — 1.511 x X5 + 18.852 x X, +2.083 X X5+ 357.787 x X + 1t
(4)

R;(THC-COOH) (%) =45.288+0.219x X, +0.039%x X, —1.101 X X;3- 3.423 xX,—0.217x X5+ 1.280X Xs+u (5)

Hrr, B2 X Xy Xs. Xy Xs B X 53 0 R AEAE T[] /h, COD ¥ B /(mg L) . NH3-N ¥ EE/(mg-L™") |
TP ¥ /(mg-L™") . TN ¥ /(mg-L™) Fl pH {5 (o2 507 ), u A BEHLIR 22,

iz ] Origin {# FH| Spearman A 5¢ 22 il #H & #4 &, 4nl&l 4 fr7s. 76 P < 0.05 B9 & 15 /KF L, THC %
B Y5 (r=0.78) HA IE A X, CBN, CBD ABRFI5 (r 43514 0.93, 0.96) F1 NH3-N(r 4351 Ky
0.59. 0.61) FE7EIEAH M, AHEPETRES S ¢ > NH;-N, THC-COOH £ %5 1(r=0.79) AT IEAH KM, 5
NH;-N(r = —0.80) £E7E S AH CVE, AHOCHETR 55 K NH5-N > 7. 53X F2 0 ¢ XF 3R PUFh B AR LR R4 A B K
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Fig.4 Heat map of the correlation between removal rates of THC, CBN, CBD (a) in spiked domestic wastewaters and storage
time (¢) as well as water quality parameters, and that for THC-COOH (b)
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Fig.5 Comparison of simulated and measured values for removal rates of targets in spiked domestic wastewaters
3 %512 (Conclusion)
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