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WE. BERBEPHELETLEESRE, ERMNTEHERFPHREITELE, SR EERERALEELA

FRENL, BRHROSEE P ELERSREFHEELNEIIFRE RN, HAEEHMNTHELR P

MRS EELBAFT AT EEY, AEZMARIRERFHORTES, FAHFNTERTEER, KmH

AR, MR R, A S ILEK PR AR R E S B B YR, AR AR 6 X,

R PR g R EMT AN R E, BRARERRILFRAEN R, REESEFK, BHBRIEMBLI, B

B A 0.45um 8 L AE 98 G A b B AR &5 B TR Rk (ICP-MS) M2, E 5 T A4 &g %& ICP-MS M| £

K P FR SNk, BALSETLEL010~100pug/L EE NEREARARY, EBRMEAIH KT

0.9995, K P AEFadR, Tk TR A1 A 0.005ug/L F= 0.006pg/L, M E T R A A 0.020ug/L A=

0.024pg/L, 2 (BK. HFRBRYFo ik E A R IFMBE AL ) (HI 1300—2023) HLE 4 K2 3F40

TR, B RAATE R 96.1% ~102.3% FLE W, ABXAFERE DT 5%, A EARERE. 5 RA

&, &Rk, PESTRAEEFEENER, TR TS ERRAES 6 AR 0,

KR MY R; B4 BRABSFE TR E; HK, £45
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() RAHRE A5G R ERTREEE, RAMK, ZERK,

() ¥ Mg &5 ICP-MS MXFAIA , HK P LSRR EHRREE 99.6% A L, HRTEKTIR, 547
R, HEE.
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AR R R TT T 1O R K
TR SR TR M e U L SR, KRR
V18 fe R 5 A R R AR A LR AN A B e ok
BBk R, — Jr T g 5 (5 3 AR 500 Fn 22 R T S T
(ArNa®, ArCI', ArO", ArMg". CIO"%) it i T4k ™
g VORI S R TR HERE R GO L, S
TR AR TR & HE 1 58, (SR I R A FRAR, FeoE T
i L1200 5 5y — 5 ThTHE /K Hh 4 4 R T R A A,
LT ng/L & pg/L 2 M) W22 g w R rh
YRR I AU 7 2t 1) 4 U e 2 S AR TRIME R, 020
2 A B BRI K R R R R 4, R AR O R i
FrE 4, T SR LR T, A B 2 . E
A0 a4 ok R A R L A LA A
W27 AN AR AR 220 4 AR (Biochars)
A=W IO A Ak i v T R D A Al PR AR
TE L & B P~ 1, ELA BRI L 36 BRI AL 4544,
A I Sk o4 1A R B9, e — iR IE T L RN
B LRI R R ) TS Yok i 52 4
SCEA B R 1, # 1K 4 i i Ad
BRI B R

ARSCRH A AR A P e g K o IR B
428 (Pb 1 Cu) HEATIRI e 4, il aliK whisk 2 )ik
FBRHEK ROy, IR JE ARSIRVEN S, A ICP-MS
BT AT E, By T — K P E 428 (Pb Al Cu)
AR 7 ik

1 LR
1.1 {3 E

Agilent 7850 HLBFH A 55 B AR BB (32
Agilent /A 7] ); PB-10 2 £ 11 [ 38 2 R B 22 (3%
A5 AR s MS105DU H, 143 K F G+
Mettlertoledo 23 7, d=0.0001g); KS 4z ¥ % (H M o
AEASL RS 75 A5 BR A F1); FW1000 /NEURYREAIL (JLBA T
PRANBFI R A BR A 7); 3K1S 25001 (2 Sigma
7> dl); KBF1100 5 55 71 (B 5t KA ER ) ); JCTR-
YM2L 17 EREEHL (L ARSI A B2 7]); FDS-
5 VR TR (G 4278 23 \]); 3H-2000PM2 Lh 3%
AR BT [ DL -E AR Es R () AR 1.
1.2 bRdEE iR 3 250

By 4 b oA A5 1 W : GBWO08615, GBW(E)
080129, ¥R J& 1000mg/L, g B H FE 2 FL2A 58 B o
WA TG 2R 8. B br HE % 25 W W : GSB G 62073-
90(3201)., GSB G 62072-90(8301), ¥ J& 1000mg/L,
WA A ARAERATEFE S [ AR kA AR o0 o
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fiFifiR: MOS 9%, W A b st 4k T.) 5 &K P4t
W 1 2 4 A A2l 50 A R |5 i alik: B
=18.2MQ-cm; MEZK FBBSEAE e BUA ) P A I
s NTIEK: #2iKH K| Na, Ca, Mg W EERCH
1.3 PR SRR

JOT 45 B e 1 K T A JE OT A UE I AR
BWQ7001-2016(dt 5% 4t 77 F b 1 3t B A B 52 e
il) F1 TMQCO0129 (3 88 ks bt ot il )

SEBRAE e )P A DX A I 5 B
VSR A A KR
1.4 LKk
141 FESCREE

i B8 CHEE PR W IR ) (GB 17378.3—2007 ) il 2
SRRAERE S, RAEJT ] 0.450m BB fE Ik, 0wy R R
b2 pH H/NT 2, WA, 12 WISLE % 5 T okAd
4°C AT o
1.4.2  Hp5A Yy il £

WCEE IR 75 MR 5 FH Hh 245 K AT R, FH 4K b ks
T, AR TR o R B S R A vk il &5 i e
AR BRI AR IH T 100mL A Sedi
RS2 % 8, R T 5 IR v B AR R
500°C, FHEHEZR K 5°C/min, I5FN G AkSE5AL, 2h,
ARV H) 2 2 5 U, EAT B xCBR s By i bl o s
PRI AR 3] 2pm BT E Yok
1.4.3 WAL RS2 55

B 50.00mL FEIEES: (pH=8.0£0.1) ZE&.L45H,
A 0.05 ~ 0.08g HEFEAE Y e, AT T T
it L3Pk 2min, AL 5L 7E 8000r/min 25 7F
B0 10min, 75 F)ZTH G ER IR E OO VR T
i, SR B A R ) 50mL 4K 52 gk = vk, 22
RKER Sy BETELED, 1A 10mL 7.5% BYfH
fiR, Fo50F85) i 5 4 Jm DL BT, B — 2 MR 4R 0.45um
VBRI U, HAER A TAESRIE .
1.4.4 ICP-MS TAE&AF

A B ARBE L HMIL ST 32 1600W; ¥ 21
T 15.0L/min; 25 LSk 0.56L/min; i B #5 <44
Uit 0.90L/min; RF VT T Hy H 1.80V; i 3l 2% A2
0.10r/s; >R F ¥ B 10.0mm; flf 8 b He it £
5.0mL/min; /\A AT K 200V; /AT % H e -
18.0V; 54k as MBS ] 025 1 i

2 SRS
500°C 2 SN il 28 B 52 A6 A i Y BELA L P
& K: CEC 402.31cmolt+/kg, 7 % 18.67%, JK 43


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24

A, S AR D AR - LU 4 B T A O R DN R K R AR

543 4%

14.78%, pH & 7.87, *F ¥ L & 2.07um, fif fL &
0.52m’/g, BET Fb £ AN 839m*/g.  Hh 1 ] WL £ 1Y
W 5T W A 26 I L R T AR, o EL A A K A R o
BT o # BRSEI0 O vk EAT AR W ik S PSR, Pb Al
Cu MR ARG
2.1 [IBCEREWIRE 25
2.1 VEWE pH (EXTEDSCR AR

SRy 2 S il TR ) R 5 SR 1 R ), AR F 9
N THE7RKRE i (R R IR MG ZKBC ], B ¥ B 430 K
390.12mg/L, Na*: 10280mg/L, Ca*": 403.54mg/L, Mg”":
1278.2mg/L) pH {EFHITE 2.0 ~ 10.0 JEE P HEA T2,
FE S IR RN (8 B VI 27 A6 W e W A L IO R J
IR DL 1, IR o T35 WAL (1),

n:%xéxlOO% (1)
X G N LK AR S v Pb & Cu 19 0 45
(ng/L); C, M E 5B Pb 8% Cu B9 & (ug/L);
5 AR

120

100 |

80

60 |

IR (%)

40 t
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VAW pH fH

Bl 1 pH (DN 8 5 s o 2R MR R

Fig. 1 Effect of pH value on spiked recovery of heavy metal

elements.

ME 1 ATLAE B, M%) pH<8.0 i, fi% pH
{E T+ =5, Pb A Cu (1 [R5 1 T 3 2 W
pH=8.0 I}, Wi i 4> J& 70 2 (14 [T R 35938 2 5 K
MR pH>8.0 B, MICRFEE pH H A K2 TR
FaH MYAW pH (EAE 8.0 ~ 9.0 i [, MifhH 4 )8
JCE B MIBCR I REIRE] 95% LA 1. D, 76 HEAT IR
B RSE B S S0, A pHL (B HITE 8.0 ~ 9.0 JEFEN .

TERSE FSRUG KA S, S T 475 48 40 #r,
SUATIRAL A B S ORAE o BRI, 5% i FH 26 0 e R o
B, B e UK AT pH (A, TR 22 550, LSCEL

AR R P 4 TR T A A, A B R
JLR SEESENET.
2.1.2  HFEAE Y X IR A5

BLidil Po A Cu WEEYIH 20pg/L 9N K,
T B AR A, 4300 S0mL A Tk
WA 0.01 ~ 0.3g A=Wt AT 8 55K, 4 7.5%
BSTR L B, Pb A1 Cu Y [NBCR LR 2, 25 53601,
2 W) % A 0.05g BE, A o6 2 (Rl Yl ] ik
100% . H1 FSEBRiEK G F7 N o0 28 B i B AIR, st
PrA: Py 5y A5 S 7E 0.05 ~ 0.08g RiIm]

120
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80 A

60 | [#
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Fig.2 Effect of the amount of biochar on spiked recovery of

heavy metal elements.

U iR AR mE &N iEA )

A e B A B A R 2% P A
TR E SR, SHEASSERN A RS
T AR R RS A RER O L AT &
0.05g E AT, 435 R B TE] R 2., 5. 10, 20,
30. 45min, J5 F 7.5% G 12 i B o 25 SR W Pb Al
Cu TSGR IITE 97.8 ~ 102.5% 22 I4], PR 5 W FfF
i) 24 2min, 7] UL Pb il Cu EAR 0 I ] i ff 7
AW e b, kBB ST AR W e o) T 4 T 1 I B RE T A
5, W BFF R, X — PSR R A TN T
Vi 7K T 45 i A U P R o T Ah B, T A R DR A
AFIE], 32 TAERICR

2.1.4 BRI I XTI AC 3 1) 5 i)

K ICP-MS 5 FE i 15, V5 YA Jo 308 5 A Al
iz, DR AT 5% SR A R AR 0 B 01, 25 S i R vl 3 %
Pb I Cu B B B8R, B il S R ¥R 2 (v/v, T D)
39K 1%, 2%, 5%, 7.5%. 10% Fl 20%, k& i 2
0.05g 1% M AW Bf 2min J5, 43 in A 10mL | 3R 6
PR VEAT B S286, I Pb Al Cu MR, WKl 3 fir
— 283 —

2.1.3



HO

%24

i

2024 4F:

http: //www. ykes. ac. cn

7, BEE R ER U FE B TH R, Pb A Cu 4 AT 5 5 |
THE T FER S SRHRRHE N 7.5% B, P
4RI SRR R 99% LA b HAR K R E. AT
PRUETE 4 Jm AW e b LR 58 4, SO 293051,
AW I e 2 BEKs A W o F SOmL &K i & whigk =
Wa, FMRBEN 7.5% WIRSERIEATYENG . b4 T KAt
SR, 25 58 3 SR A S DR R 8 4o A T 5 i
FEAm, PR R R B 45 I FE 2% ~ 5%, BLIE, Pb [ [u]
R KTF 99%, T Cu B IEIBCRAWAE 90% LA |5 3R
FH 7.5% B 1 Mo B 7 4 I FHER 4K 3 247 e 1
HEATIE .

120

100 | gr@

80

60 H[
=
E 4|
—-o-2%pb
207 A= 6Cu
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B3 GERIRIEERS Pb Al Cu IR
Fig. 3 Effect of the concentration of nitric acid on spiked

recoveries of Pb and Cu.

2.2 KRGV R R G 25 BRI R

K H ICP-MS 5 g 7K rf 9 55 4 Ja iF, 3k
G FEAARSE 2 | I A ) R A I R £ DG
JIAE o XTHCA ) VYL TR YN 5 P KR e T,
HE TP/ 9o0 K 390.12mg/L, Na': 10280mg/L,
Ca®": 403.54mg/L, Mg*": 1278 2mg/L. ##% iR KRk
T R B A R T TR P4 N T3 7K 2 W R PR
B TR B 3 91 A9: K 1.40mg/L, Na* 2.73mg/L, Ca*
1.19mg/L, Mg* 1.29mg/L., Bl K", Na", Ca®", Mg*
() 2= B 5 B T3k 99.66%. 99.97%. 99.71% Fil
99.90% . iy A0 7 A M A 144 55 o 2 LA A2 ICP-
MS I S
2.3 JHERHRR, e SRR

o2 BERE S AT 25 TR TR, LAtk o Bk 2
HE 7T RA AL, A7 RAE T mﬂ’ﬁﬂﬁf)ﬁ%
(s), F& 5 X MDL=t(n—1, 0.99)xs 115 J7 3% ¥ it FR
[4(6, 0.99)=3.143], LA 4 £ 46t BRAE I T IR, 5
BSAI1592 7 AR HE I ZEFE 0.10 ~ 100pg/L 3 N 4k
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PR BAF, LA R B R T 0.9995, 1K
FhZAb PR S B AE S A%, WK Pb Al Cu ARG HE BR 43
B4 0.005ug/L Al 0.006pg/L, il & T R 4> 51~
0.020pg/L F1 0.024pg/L . #AFE Sl ik BE o v sl a1k
INF, A AT Y508/ B I A IR KRR o3
BINNFR (1.0ug/L. 10.0ug/L) J&, %5250 Jy kA B,
SNSE 6 YR, THEAS R, Pb Al Cu I 5E 45 5 (i AH o
bRl 2= (RSD) Y/NT 3%,
2.4 JiiEWEE

it FH 52 56 05 5 0 R A5 E S5 9 A o, T 2 YR AR
n=6, POFEAME, SCER 45 R 1 s . SEBRE (E
TEVBRZE SR VPG N, R BA T B, v U T
SEFREE S E o

1 KR ESEE TR R IE SR

Table 1  Analytical results of quality control samples for heavy

metal elements in seawater.

T BWQ7001-2016(1t 77 k) TMQCO0129(3% 52 JFiAs:)
JEEE FrufiEfi SRR FRfE(e  SEBRE (R
(ng/L) (ng/L) (ng/L) (pg/L)
Pb 10.0£0.6 9.92 10.2+0.6 10.23
Cu 5.0+0.4 5.05 5.6+0.5 5.57

BCA TP A VKO S A LR P A K TR
BE S 2 A HEAT AR A BERY Pb A Cu AR (5.0pg/L,
10.0pg/L) J& , $ 5256 7 i Ab B, 3 [nSR . Pb A
Cu 4 [FISCRTE 96.1% ~ 102.3% G .

3 g

7 TR R A ICP-MS I E 1 7K S A4

T BRI pH A . ST A
SRR W BRPERHIED | R B i 45 PR 28 0 [T 3 15
Wi, Pk T SE56 251, Wl T SR T, XA TE R
o ol RS B AE i 8 40 BT 28 B, 9 OO 880 1 R A
B, AT TS BR AR S I o VR R B AT R
Q7K VM DTRA FINEFE A ) I RPN B RS )
(HJ 1300—2023) HLAE AR K B P EoR .

AT AR BT RS, SRR, HAL
P nTaE . R R, BE A T RE I I N H,
AT 0 B AR I KT W, X B
ICP-MS 5 A (1) 07 FH 1 P LA B 8 . (HR (AR
IR, X T B R M AE M E 4R TR
HERAIN 2 AT T R AT AT
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Determination of Trace Lead and Copper in Seawater by Inductively
Coupled Plasma-Mass Spectrometry with Coconut Shell Biochar
Enrichment

HAN Mei', ZHANG Wei'*", JIA Na', ZHANG Chenling', KONG Xiangke'
(1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang
050061, China;
2. Key Laboratory of Groundwater Remediation of Hebei Province and China Geological Survey, Shijiazhuang
050061, China)

HIGHLIGHTS

(1) Using coconut shell biochar to enrich trace amounts of lead and copper in seawater is cost-effective and
environmental friendly.

(2) By combining biochar enrichment with ICP-MS testing technology, the removal rate of salt matrix in seawater
reached over 99.6% and eliminated matrix interference, resulting in fast analysis speed and high accuracy.

(3) The detection limits for Pb and Cu in seawater were 0.005ug/L and 0.006pg/L, respectively, meeting the

requirements of seawater quality evaluation.

ABSTRACT: The high salt in seawater samples brings great challenges for analyzing trace heavy metals. To
achieve the green separation and rapid detection of trace lead and copper in seawater, a method of coconut shell
biochar enrichment was established. By using the method of adsorption and desorption, lead and copper elements in
seawater were enriched on coconut shell biochar, and the coconut shell biochar powder was repeatedly washed with
pure water to remove the salt matrix in seawater. The desorption was dissolved with 7.5% HNO;, and the desorption
solution was filtered with 0.45um filter membranes and analyzed by ICP-MS. Two metal elements showed good
linear relationships within the range of 0.10—100ug/L, and the linear correlation coefficients were greater than
0.9995. The method had a detection limit of 0.005ug/L for Pb and 0.006pg/L for Cu, meeting the evaluation
requirements of seawater quality assessment stipulated in Technical Specification for Assessment of Sea Water,
Marine Sediment and Marine Biological Quality (HJ1300—2023). The spiked recovery rates for seawater samples
were between 96.1% and 102.3%, with the relative standard deviation less than 5%. This method had the advantages
of simple operation, low costs, environmental protection, and high reliability and sensitivity.

KEY WORDS: coconut shell biochar; enrichment; ICP-MS; seawater; heavy metals
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