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Concentrations of Ketamine and Norketamine in the Water Environment in
Beijing

ZHANG Hua-fang', YANG Jun', DU Peng’, WANG Cong-cong’, LI Xi-qing” *

(1. Beijing Urban Drainage Monitoring Center Co. , Lid. , Beijing 100012, China; 2. Laboratory of Earth Surface Processes, College
of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: Concentrations of ketamine (KET) and its metabolite, norketamine (NK) in sewage water and surface water in Beijing were
examined by HPLC-MS/MS. Samples were collected from all the thirteen sewage treatment plants in the urban area and four rivers
flowing through the city. Average influent concentrations of KET and NK in 2013 summer ranged from < MQL to (19.5 +5.1) ng-L ™"
and <MQL to (6.2 +2.1) ng-L™", respectively. The calculated loads of KET and NK ranged from (0.1 +0.0) to (8.6 £2.4)
mg+ (1000 inh-d) ™" and (0.3 +0.1) to (3.2+1.1) mg- (1000 inh-d) ™", respectively. The removal rate during treatment was
low and even negative at some plants for KET and NK. KET was widely detected in surface waters ( < MQL to 17. 8 ng-L.™") , whereas
NK was below MQL in all surface water samples. Concentration of KET in Tonghui River was higher than those in most of the STPs,
indicating direct disposal of KET and/or direct discharge of sewage into the river.

Key words : ketamine ; norketamine; Beijing; sewage; surface water
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Fig. 1 Location of sampling points at the four rivers and 13 STPs in Beijing
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IR VG KA (TZBS) . H KW 15K AT
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(YF) | IRV KAE B (WQ) . HorpfdE 13 K5
KAL) AR | FRAAZRRHEKEE A 3 Z57K 4
BT (XHM, XJH F1 JXQ) B Z= i th K .

LTS KA I A R A 5 FC-9624 7R {45
K H BIK R 8 R (38 B R T & A L L
5. BRI O BN R AR — IR, B RCRAE K
FE 100 mL,>R4E 24 h IRAIKFE. REEALHFEPT B EL .
HZRAETF 2013 4 6 A Z 2013 4F 8 kT, B:4N5
IKAEPR]RAEE 4 dy ZZRAET 2013 4F 11 HilAT, 5
ANGIKALER ) REW R, KB 1k 5 R 1 B ARk
G BB T AR SRR K AR KR R AT RAE.
FEMZE A 1S L B 20 #E S, vk 382 (6
mol - L™ ) 2 pH =2, 7F - 20°C 551 FRIRAT-
1.2.2  HiRKEER

HFKFER T 2014 4E 5 AR ARG di
IXHY 4 450 i 38 B (Tonghui River) , ¥ i
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FERL(TL ~14) HRBEE T 13 AREES(Q1 ~13),
A E T 9 A SREEA (L1 ~9) , B4/ W] 15
T 6 MNRFES (S1 ~6) , RAE i HARN B UL 1 (a)
A 1(e). RPEGERT DR Bis A Pk, 3k
ACRFEEREAE AR MR K A MR R AT, REBE
BFKRE B A 15 L R O HE A, SR 2
(6 mol-L™") 8 & pH =2, T - 20°C &/ F &%
TRAE.
1.3 FESh T
1.3.1 FEAATALEE

A FH AR 25 U ( SPE ) #EA7RE Sl AT AL 38, 4R YK
H 6 mL JC/KHEE 4 mL 46K 4 mL iRfb 2 pH =2
BB 4K 5 4k Oasis-MCX [EFHAE BUF: ( Waters 23 7
FE) ; #4 50 mL KHE B AT 4 8RR (12050
M AR T D) S 08 (ABR Z B i AR i [ 44
R S5 VA 1 mLemin ™' B9 E I SPE A FEA

I SE RS S mL 4l 7K GE A AR AR B DA
BEART; LA AR 2 i SPE AEAEPREDEHIIR T
#eJ5 T 4 mL B 4 mL RS/ 200 (190 1, it HE ) i
WHATVENL ; IR VEI M 2 15 mL i, ZiRT
Y5 SR A RR R BORR T 5 F 400 pl. &
/7KW (19: 1, AR FR L ) JHOBT I35 il T 18 5 i Bk 2R
Y15 AU B0 DA (VWR 2], 3G B0 o
U8, B FARUEREE S A 1.5 mL HPLC-MS/MS % H]
RS 1 I RE R R B AL E
1.3.2  HEALIE

Hr Atk & ¥ i 1] 5 e v 250 WA (3%
(Prominence UFLCXR, H 7<) FIHE# '] ( Phenomenex ,
%) Gemini C18 WA 4354 (50 mm x 2. 00 mm, 3
wm) YA TR S pl. FshAH S mmol - L7
BRIREL KR (A) FIZ N (B) 0. PEEREEZ 9. 0
~0.5 min: 5% B; 0.5~2.0 min; 30% B; 2.0 ~6.5
min; 45% B; 6.5 ~6.6 min; 90% B; 6.6 ~8.5 min;
90% B; 8.5 ~8.6 min: 95% B; 8.6 ~14 min: 95%
B. WishtHiE M 0.5 mL-min~". HIMLEY M E
] API-4000 = £ PU FE AT H3 B B3 X (L6 — B
DGU-20A3 it R, M 5 LC-20AD %, — 5 SIL-
20AC HEhiEFERS, — & CTO-20AC BUAEIRAR) (AB
Sciex, [ ) 2k H 22 J 7 Wi M 45 X ( multiple reaction
monitoring, MRM) #EA 7 %E , i 2805 HAr ¥ {4 4
AN 1 s,
1.3.3  Jp#rrikgil

T (AR R BT AN A R S R e S A
TrERMERRTE. [P 435010 50 mL 4K
A 20 ng HAr#r, H 2.3 15 Prik Jr ok b 17 Ay 4b P
IE EMLINAE 3 BEBTRON . LAS A B bs vk B R
T5KVE R EET, ] 2. 3 45 Firid 7 i Ab BREE T, Ak 2 58
B, A3 B 20 ng HERYIFIAIIER EALIE , )
FREE AR, A5 45 R BR LU R PPN BE B A5
TREAS e B 20 DEEBREE S oIS — SR AR S
I it B A bR AT I e, A 7 IR RIS
RN 2 fro, AR | o A% A A S 1 X 7
B HTEDKR.

®1 BHRYREFIRBMRESH

Table 1 ~ MS parameters of monitored chemical residues

A £ B8 Bsf ] . PN /LN ERET ENET
i) /min FHAT /s /v FET(m/z)  WHERIE/N  FET(m/z)  BEERIEY
ST 4.20 238. 1 55 207. 1 20 125. 1 38
SFE-d, 4.14 242.1 60 129.1 37 — —
2= F U R 3.79 224. 1 40 125.1 32 207.1 16
25 H SN -, 3.76 228.1 45 129. 1 30 — —
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®2 FEWIESH.: DKE, ERUEMREZE (n=3)

Table 2 Method validation parameters: recovery, matrix effect and procedure bank (n=3)

E&W [T/ % FETRL % WS H/ng-1L7! I E B/ ng - L
SR 81.6+7.6 43.9 5.4 A 0.8
2 T e 67.8+7.3 61.0+7.4 A HY 4.0

1.4  HEEMAREMERRRITE
FH R A 2B E A TG KAL) A SRR K 2=
SRR 1 T N H 4 i o
fifift [ mg - (1000 A -d)™'] =
FREAYIWE (ng - L) x gEkifm (L - d™) y
Ii45 X A\ 1T /1 000

1 m
dee(m 0

10°
A (2) T8 K AL PR X SR A 2 B
ST ) 2 BR %

LB (%) =
HEKFR BBV — HoKER Yk (2)
HEAK B P8 Wik B

o BEARRE S P AL SR B R IR (ng- L7 )
2.3 W IR OE AT, A RAE H A KR
SRR N A R, 15K IRk
55 DI I 8t ph 45 75 7K A BT A3t

2 HFREIHE

2.1 EKARIRTT K e SRR AN 2 T SRR )

SREIRE 13 Z805 /K3 1y 5 2= K b B 5=
FHT | KEEFNR AR 15 KA B A1 FL Ay 10 G5 7K Ak
AR <MQL ~ (19.5 +5. 1) ng-L™", FIEE
2, method quantification limit ] ; 7£ 11 K5 /K AL
IRy ATk HAA USG5 KA BT A ), Hor
&)W T MQL, s kN 9.7 ng- L1 I
3 GRVGKAL BT RAE T B A=K, B K b R 4

TS, A o N TS K AR ER T [(4.3 £0.9)
ng L") /NG KA BET [ (13.4 £6.8)ng-L ™" ]
FANE AN KB [ (11.2 £3. 1) ng-L™" ], BRJ5
JE | ENERIK  AEAEAER 15 K b E A, 25 AU
RAE AT KA B B ZE K h ARt [ (4.5 =
1.6) ~(6.2+2.1) ng-L™" ] MAEA KL 3
AR HB R, 50 R /N 5 K AR [(2.5 =
0.4) ng-L™" ], db/NTi5 KA B[ (2.4 £0.0)
ng- L~ JFIBEAIAT IS Kb HRT (3.9 ng-L7") 5 #E3 K
T5KALFRT I 2R K b 2 B SRR AR [ (4. 4
+1.6) ~(5.2+1.4)ng-L™"].

WL T BRI, N, m s S
M. AUAE 38 M EE KRB AR 55 9 FRi5 K Ab Bl )
SMEAAHEE (1.0 +£0.0) ~ (16.8 +4.7)ng-L™' |5
Khan 25" F1 Du 25 ABFFE 45 R — 800 (1.8 =
1.6) ~(15.2 +3.5)ng-L™"). SAMEEMREEHE 5
Nuijs 25 38 A Ho RIS 7K b B v G T ik
JEFE (10 ng-L™") | Bijlsma 252 4R 38 A9 faf 22 75 /K kb
PRI o SR B B (<10 ~ 17 ng-L7") PA K
Huerta-Fontela 25227 32 1 % V4 PE 415 K kb 3 vh
IHRE( <1 ~50 ng-L_l)ﬂtﬁ,‘i’I; =TV EEA  fET
RIS R 40K 180y X)X 118 95 7 Ak BT P 0z T 1 e
( <MDL) -1, JEf% T Baker £ DL Lin Z50
A AR R 45 T8 95 70 A T vl G R ) R (52
~79 ng-L~"F1223 ng-L7").

M3 PR, AR5 KA BT M E Z K &

®3 LT3 RKITKGE | ok EBRERFN % B SRR IR B /ng- L~
Table 3 Influent concentrations of KET and NK at STPs in Beijing/ng-1 ™"

STp HFEK KK
AT 2 B R AN 2 VU

XHM 5.2+1.6 5.3£2.0 3.0+£0.0 2.5+0.4
BXH 19.5£5.1 5.7£2.3 9.4+4.5 2.4£0.0
JXQ 16.8 +4.7 6.2+2.1 9.7 3.9
GBD 7.5+0.5 5.5+0.3 8.2+6.2 <MQL
QH 3.7+1.0 5.6 +1.9 2.2+0.9 <MQL
FzZ 3.6+0.7 <MQL 2.0+0.0 <MQL
wiC <MQL 5.0£3.2 6.0+6.4 <MQL
LGQ 1.4 £0.3 4.6+1.6 1.3+0.0 <MQL
TZBS 7.9 +£6.5 <MQL 1.9+0.0 <MQL
XJH 1.0+0.0 4.5+1.6 1.5+1.1 <MQL
BY 1.820.3 <MQL <MQL <MQL
YF <MQL 5.7+3.3 — —
wQ <MQL < MQL — —
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R 1 2 FHY SR T e 38 v T4 2= K. X AT BB J&
TR B 2 45 Fh 158 S 37 T R 3R 4 vh i 1) i 2 2
Yy, T 7 ) I AR A S T sl R B e T AT
PRI, 2 2 SRl i P e B i T A 2. M, B
5 7K v (1 G e ) B 2 PP G TR ) R R KO v
27

515 K A BT G %) R 5 2 R R i )
W RE B HAEAE 0. 16 ~ 3. 8 22 6], 13X — H K o 48 g il
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Bio-inspired Recovery of Platinum Nanoparticle and Its Mechanism
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Preparation of y-Fe,05 Catalyst by Heat Treatment of Natural Limonite for Selective Catalytic Reduction of NO by NH;
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