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Determination of Migration of 15 Elements in Production Pipeline of Compound Sodium Chloride
Injection
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ABSTRACT: OBJECTIVE To study the migration of 15 elements(Pt, Fe, Mn, Cr, Mo, Cd, Pb, As, Hg, Co, Ni, V, Cu, Sb and
ICP-MS
was used to perform the analysis. The radio frequency power was 1 550 W; the speed of the peristaltic pump was 40 r-min~!; the

P) in the Compound Sodium Chloride injection from its production pipeline and to evaluate its safety. METHODS

temperature of the atomization chamber was 2.7 ‘C; the sampling depth was 5 mm; the cooling airflow speed was 14 L-min~! and
the auxiliary airflow velocity was 0.800 0 L-min~!. RESULTS The r of 15 elements was 0.998 8—0.999 9; the recovery rate
was 75%—120%; the RSD of the precision experiment of instrument was 1.3%—8.5%; the RSD of the repetitive experiment was
2.2%—-15%; and the daily intake of 15 elements in the determination of 3 batches of sample migration was lower than their
corresponding permitted daily exposure(PDE). CONCLUSION The method is simple and reliable. It can be used to determine
the migration of 15 elements in the Compound Sodium Chloride injection from its production pipeline.
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A % B 71K & & % i (inductively coupled
plasma, ICP). J& T W) (atomic absorption
spectrometry, AAS). & @i (ion chromatography
IC) . = & W A 2 i (high performance liquid
chromatography,, HPLC). HiEHE & % & 1 ik
(inductively coupled plasma mass spectrometry
ICP-MS). &A% . H, ICP-MS A
R FRAG . ShALMEERIYE . T s
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iCAP RQ %! ICP-MS {¥(3[E Thermo Fisher
Scientific /A F]); Sartorius 4l K HL(FE FE FE L AT A
Fl); 100, 50, 25 mL Vitlab &, 100~1 000 uL
WA . 1000~5 000 pL By 0y [ 78 = 5 £
FIIT o

Pt(#lt 5 : 186036). Fe(4lt5 : 187019-4), Mn(4lt
5. 187027-1). Cr(dtts5: 187036-4), Mot :
187040-1) ., Cd(#it % : 187026-1) . Pb(Ht 5 :
187044-2) . As(#lt 5 . 187015-3) . Hg(#t 5 :
18A010-1) . Co(#lt 5 : 189046-1) . Ni(4it 5 :
187042-2) . V(dit 5. 189013-1) . Cu(dlt 5 .
187013-1), Sb({lt 5 : 187031-4) . Pt 5 : 185036-4)
FITRPRER R A E R A A48 L1k
AP AL  BR R A 1000 ug-mL~' 5 RA PIbR(SE
Spex Certiprep 2V A, FiA%: 10 pg'mL~'; Bi,
Ge, In, Li, Sc, Tb, Y #it%5: CL4111MKBY);
HIR (s Hra, Mk hwmagad, fits:
K48328756642; Fim: 65%); #R4li/KH Sartorius
ali 7K HLHI 25 s VIR (3€1E Thermo Fisher Scientific
oNHE], MM 1opg Lt #S. 8372).

8277 EACEN T SR 3 (B P e R 254 BR
A, Fik . 500 mL; 41L5: C180901 BS, C180901 CS
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C108901 DS).
2 RHEEH#R
2.1 AUERRIE

ICP-MS TAES%L: SR 1550 W 53
R 40 rmin~!; FSAEERE 2.7 C; RERE
Smm; WHISWHE 14 L-min™'; Hi B A #
0.800 0 L'min~"; Z5fb#%iiiik 0.881 4 L'min~',
2.2 FRAEG A EC S
221 V, Cr, Co, Cu, As, Cd, Sb, Pt, Hg,
Po IRAPRERIK K% EILV, Cr, Co, Cu, As,
Cd, Sb, Pt, Hg, Pb HLutRFpERFWA 1 mL.
SR 2 mL, Jn/KHRE R 20, et b v it £
1 (10 pg-mL~")o FHARHERE AT 1 (10 pg-mL~)HH 2%
VRV R V5 R B U ME A 48K 2 (100 ng-mL™),
FH 2% R R v WROW B il i 0.05, 0.1, 0.5, 1, 2,
3, 4, Sng-mL! IR SR UEA R .
222 P, MniBAIRMERK A% P, Mn
TCEAMER A 1 mL . 8RR 2 mL, MUKFEREZEZ]
JE, BCH AR ERE AV 3(10 pgrmL"). dibRifEfg
310 pg-mL") FH 2% s PR v R T R b o
fiti & W 4(1 000 ng-mL~1), F-FH 2% 1) A IR V5 TR R g
Hs 1, 2, 4, 10, 20, 40, 60, 80, 100 ng-mL""
TR A AR A
2.2.3 Fe. Ni. Mo IRGHRERK K% Fe,
Ni. Mo HLICRIMER A 1 mL, 6L 2 mL, N
IKFRRBEZE LB | FC il AR MEGE 25 S5 (10 pg-mLh),
HARERE & 5 (10 pg-mL~")FH 2%I1IAS IR 1 W i
FEPRERS # R 6 (100 ng-mL™"), ] 2%HAY1IS AR
TR R 0.05, 0.1, 0.5,1,2,3,4, 5ng'mL™"
VR A PRI o 2% A5 R I WA E PR HEZS ISR
2.3 B ELERE AR A

K% B IR 7 AACEE SR A5 . C180901
BS. C180901 CS. C180901 DS)3 k4 10 mL 43
SETF 50 mL &, KRR ZIE, Bl A
Tl 5 AR 1. 2. 3. WIUE I EAksh:
SRS C180901 BS. C180901 CS. C180901
DS)3 #t A AR 1#. 2#. 34,
2.4 PHLTTE

HUPRHEZS (VR TR BAR A . HEl
WK UKHEREI 2, XS A S sbr e 2, AR
FRUERREZR H shit B4 T € S5,
25 LEME

f£ ICP-MS ' ICP & H| & FIRM/ER, i
ICP-MS (1942 U 55 B A b i) B8 A 5015 i 31
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FiBA o Bk E—A BT e M AT A, ik
PEA[R] BTA% LU (m/z) B 85 SR A ) 21 B2 A~ B8 - A 5
B, SEm AT R A T R AR . AR
HICARIA L EwM:, LErkar.
2.6 ZMELHR

RV FRAEE W ICP-MS BEREAMT , 2420
3R, DN IR TR (0 R AR, DI
VTG ER 5 T e N AR 0 3R e W {E L —AH 1 5 - R D
THEUEY) P bR, HEhINBRIRES AR, 2
HlbrAEd 2R, 250 1,

=1 AMEXR

BUPRMERE AT 4(1 000 ng-mL~")H 2% HS R 15 W
i BERLHI AL 100 ng-mL- ARiERG &, 40515 kit
W 1, AT 1, EH 6 I nEEH N
10 ng-mL~" Y E S AF  JRUbR A 25K 6(100 ng-mL™")
FH 2% B A BR VA WA BEC AR 10 ng-mL~" BRififitt £
W, SHRE W 1%, B 6 (Y EEWRIE A
0.8 ng-mL~' (YR FE, H ICP-MS #EATI%E , 455%
L3k 2,

T2 BIR. TER. REHTERELN

Tab. 2 Quantitative limits, quantification, limit precision
and repeatability

- ] L EREE
Tab.1 Results of linear equations JLE  LOD/ngmL™' LOQ/ng:mL! RSD/% HEHERSD/%

T R AR G - P 3.8795 12.931 6 8.5 9.0
P 31 5S¢ Y=18.480 2X+150.897 5 0.998 8 v 0.009 6 0.0320 1.4 4.1
v 51 5S¢ Y=14898.175 3X+314.2117  0.999 9 Cr 0.0470 0.156 1.8 3.8
Cr 53 5S¢ ¥=2921.451 4X+589.630 4 0.999 9 Mn 0.263 6 03 23 22

Fe 0.0120 0.040 0 13 11.1
Mn 55 5S¢ Y=13 603.105 4X+2 5444296 0.999 9

Ni 0.016 1 0.053 7 1.9 15.0
Fe 58 sty Y=26 487.821 3X+3 514.026 4  0.999 9

Co 0.0015 0.005 0 1.7 3.5
Ni 58 sty Y=26 528.897 4X+3 475.676 9 0.999 9

Cu 0.066 1 0.2203 23 57

70 — a
Co 59 Ge  Y=43 033.795 5X+139.7908  0.999 9 A h W9 .- )6 2
70, —
Cu 65 Ge  Y=15759.333 2X+3 432.3535  0.999 7 Mo " - 0.006.0 - 47
As 75 T%6Ge  Y=2 189.824 5X+36.073 5 0.999 9 cd 00029 0,009 7 9 3
Mo 98 sty Y=28 866.450 2X+89.473 7 0.999 9 Sb 0.003 8 0.0127 25 5.1
Cd 114 151 Y=26 120.603 3X+347.599 3 0.999 7 Pt 0.001 1 0.003 7 35 25
Sb 123 115 Y=16 973.980 5X+110.7649  0.999 7 Hg 0.001 4 0.004 7 3.8 2.6
Pt 195 298] y=61342.470 9X+74.843 0 0.999 1 Pb 0.019 1 0.063 7 2.1 53
Hg 196 298] Y=46 254.888 8X+59.675 1 0.999 4 AR I
2.1 KI5

Pb 208 298] y=148 863.001 0X+22 042.332 5 0.999 7 0 ot

2.7 Kt R S & R

B IEZS VR, S0 111k, DA 3 f5 =8
1 0 7 (L 7 O 26 JOT % 17 F R 32 11335 45 0 3R 194
PRI R (limit of detection, LOD), LA 10 {48
M 7 s 9 A 26 FIT 6T 1 DR B T 13345 J0 R AN
7€ # PR (limit of quantification, LOQ), 453 WL#& 2,
2.8 NEHEE RS

B 3 ng-mL"'V, Cr, Co, Cu, As, Cd, Sb,
Pt, Hg, Pb IR GFREBWEZNE 6 K, W
40 ng'mL~" P, Mn IEAPRERRELLINE 6 X,
B3 ng'mL~! Fe. Ni. Mo {iR&brUEERELE &
6K, %I RSD fHIL#% 2,
2.9 HEEMAR

HUPRUMERE 45U 2(100 ng-mL~")H 2% MBS IR I
W BB 10 ng-mL- ARvfEfE AR, SHERAE
W 1#, BCH 6 0 InAEHE B R 0.8 ng-mL~! Y EE R AE
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Fie “2.9” TR IRECHISAR . PR 3 Nk
BE S BN EE 3 1 I U , F ICP-MS
e, e R IR 3,
201 ARSI E

F “2.37 TR 7 A AL BT I 2 S AR
W TR T AACENTE SR P OCR TR R, AT
BAERIR 4. LUF IR 31170 5 (analytical
evaluation threshold, AET)FI%:H A& .

g1 PDE pg- d!
2 000 mL

[{F: 2000 mL: A% HE & sh sk
BT ;D1 000: FLA L (ng #5°4 ng); @PDE:
H 1 %% #% 1 (permitted daily exposure)].

x1000

- :F =N . -1
H %AE=—J‘%?§§O mL 000 mL

[F: 2000 mL: A% HE HE N Rk
WAE; @1000: PANIRE (ng HE R pg)l.
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Tab.3  Results of recovery test
g piliba = VA S TS e piikz 2731 VA ol mle

ng-mL""! /% ng-mL""! /%
8 104.8 0.4 95.0
P 10 100.3 As 0.8 100.4
12 104.7 1.2 97.2
0.4 83.7 0.4 83.3
\% 0.8 83.6 Mo 0.8 85.3
1.2 79.4 1.2 90.5
0.4 84.4 0.4 88.5
Cr 0.8 84.2 Cd 0.8 88.9
1.2 79.4 1.2 87.0
8 97.7 0.4 98.2
Mn 10 104.1 Sb 0.8 101.6
12 102.5 1.2 96.5
0.4 98.3 0.4 119.8
Fe 0.8 92.2 Pt 0.8 120.3
1.2 93.3 1.2 118.5
0.4 85.9 0.4 119.0
Ni 0.8 88.1 Hg 0.8 119.3
1.2 89.7 1.2 119.9
0.4 83.0 0.4 114.6
Co 0.8 83.0 Pb 0.8 114.7
1.2 75.0 1.2 115.3

0.4 77.2

Cu 0.8 95.2

1.2 96.4

ABIESE PDE {ERIR . BN 25145 3= A A 1Y)
e Jm A A % B R EE B vl S ol ) 1OV A
24y it V2 W R K [ B B 23 (ICH) & Al 19 ICH
Q3D[”]o

3 g

W& @A E SR A= 1.2, HiES
5205 E AR B TE SR A ) AR A TE MR
316L AN, MG 3161 A E kR 5
T EAMEE-JESm TR X ICH Q3D HEFAIXT
MNEAERICETF LS Pt, Fe, Mn, Cr, Mo,
Cd, Pb, As, Hg, Co, Ni, V, Cu, Sb, P15
LRI TER RN E . TS 185 2
iR, R A R R AL ) BT A
PEVEH AT 275 25 W 0 1) 25 S A S B W T4 O vk
HAT . TELY) SRR RGN TR 4
TEAl Y, B2 e e, ARIER B
A PDE K&} H e K2R S A e A4
R YRR ARV EE, IR IR 281t
FARE] AET, Ay v NOZ 0 2 % AET (51
M ZR . WEARE B B H Y & 2<PDE,
AR YR AR S R 2 e A, R R
H RN RERIE R R B
#>PDE I}, WA MEREZES 525 R BA A
Pk, SRR

WG R A ICP-MS Il E & 5 B AN S
AR 1R 15 FhonERAER Jr @A SR
T W k2 RiE & B, ICP-MS A &1

T4 RS
Tab. 4 Results of determination of sample
- C180901 BS C180901 CS C180901 DS PDE AET
o B tng L HEA g d™! SR Rk/ng-mL & HEEA G ug-d! B tngmL 4 HHEEARL/ugd  /mgd” /mgrmle
P 9.19 18.38 9.085 18.17 0.875 1.75 1 800 900
v 0.069 0.138 0.076 0.152 0.076 0.152 10 5
Cr 0.201 0.402 0.244 0.488 0.250 0.5 1100 550
Mn 21.558 43.116 21.997 43.994 22.195 44.39 250 125
Fe 0.818 1.636 0.764 1.528 0.943 1.886 1300 650
Ni 0.816 1.632 0.763 1.526 0.926 1.852 20 10
Co 0.015 0.03 0.015 0.03 0.015 0.03 5 2.5
Cu 0.208 0.416 0.040 0.08 0.044 0.088 300 150
As N.D N.D N.D N.D N.D N.D 15 7.5
Mo 0.876 1.752 0.850 1.7 0.936 1.872 1500 750
Cd 0.072 0.144 0.065 0.13 0.070 0.14 2 1
Sb 0.010 0.02 0.004 0.008 0.007 0.014 90 45
Pt 0.006 0.012 0.002 0.004 0.003 0.006 10 5
Hg 0.005 0.01 0.003 0.006 0.003 0.006 3 1.5
Pb 0.281 0.562 0.140 0.28 0.069 0.138 5 2.5

H:N.D Fm £k,

Note: N.D means not detected.
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