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Preconcentration of trace heavy metals in aqueous solutions by
thermoresponsive polymer-mediated extraction for the analysis of
natural water

Tomokazu Tanaka and Hiroyuki Anada

In the preconcentration of trace heavy metals in aqueous solutions with poly(N-isopropylacrylamide)
(PNIPAAm), the synthetic method of PNIPAAm was investigated to reduce the dissolution time of
precipitated polymer phase with N,N-dimethylmethanamide (DMF) and to improve the measurement
reproducibility of graphite-furnace atomic absorption spectrometry (GF-AAS). PNIPAAm was
synthesized by using NIPAAm in the range of 8 to 11.5 g. The dissolution time of precipitated
polymer phase increased when the amount of NIPAAm was less than previously used weight (11.5 g).
PNIPAAm was synthesized by changing the addition amount of N,N,N’,N"-tetramethylethane-
1,2-diamine (TEMED) from 0.5 to 50 ml. Both the dissolution time and the viscosity of dissolved
solution were greatly reduced by adding 50 ml of TEMED. The sample solution containing analytes
of 0.5 ng ml! each was concentrated with the PNIPAAm synthesized by using 11.5 g of NIPAAm and
50 ml of TEMED. A 5-ul aliquot of the resulting solution was measured by GF-AAS. The
determined concentrations of analytes were ranging from 20 to 30 ng ml!, and relative standard
deviations (RSDs, n=3) were ca. 4%. Although the RSDs significantly improved compared to
previously obtained values (more than 15%), the loss of metal chelates was found during the
measurement of GF-AAS. Further investigation on the measurement of GF-AAS, such as the use of
different chelating agents and the addition of a matrix modifier, is required in order to apply the
proposed method to the analysis of natural water.

Keywords: water analysis, preconcentration, polymer-mediated extraction, N-isopropylacrylamide,

trace heavy metal ion, pyrrolidinedithiocarbamate

1. &S
BREEMBEO —>2L LT, BEMORERESCKKALSESEN OO EESEOREIC L 5
RHI T K7 ERIRIKDIBGENBEINTWE, L LERENRL, R KAKFTOEEGFOEE

* BRBEAEMLFER kok SR AEY LS E KR4

— 360 —



RIKIRGHT O 72 80 D REIE R 70 % T B K i B0 O S5 HlE - i

I TS, EENRNEERLGENZ WD, WIEIZHESL > THRILRE DS - RS LE L 72
5. 2D LD B RMED T D OBERE LT, KBS 1 T 5 poly(N-isopropylacrylamide)

(P-NIPAAm) AEH & T2, P-NIPAAm (%, 5 FRIZBKMEDT I FE L BkMED 1 v
TV EOWM G EROE ) v —OERGEKTH Y, IR (32°C) LT TIIKIZAETH 2708,
ZORELEBZ 2 EBKMERHER LU CEEL, KEMOHAEZ 92, 20, SBEKR CH
IKVEDYE 2 D A TEEE T D728, $EEKF 2 I WHIEK T OB A A4 > T [EE BT &
DEWVI RN D D,

WRFFEE T, Z@ P-NIPAAm & AWK EESR O - BEZHRFIL T R,
#rHi L 7= P-NIPAAm % N,N-dimethylmethanamide (DMF) % H\ CHEHIEM T 5 BEICERHM %
52 &R, WL TCEIROREEDS @ W e O B F IR WOt iriE (GF-AAS) o IE R EE
ERELHIESEDZLERENRMEL > TS, £ 2 TAMZE TIE, NIPAAm &7 b IZES
fedEHTH D N,N,N',N-tetramethylethane-1,2-diamine (TEMED) DO RN & % 22k & T
P-NIPAAm # &5 T 5 Z LIk v, ZabMBEAOlHELE AT,

2. EE
2.1 P-NIPAAm O &k

NIPAAm 8~ 115 g # /K 175 ml ([CEME 7%k, EAMIKA & L T ammonium
peroxodisulfate 0.25 g, BEAEH#A] & LT TEMED 0.5~50 ml Z %00 L 72, AKIREIR AR H 2
BT, 0°C, EHFFWR T 24 BT 52 L1k v, P-NIPAAm 28K L7z, TO#%, H
ZEVRAS R A T C 4 BRI S W7o, #H%, 4 P-NIPAAm % 20 mg ml! &72 % K 512K
(IR LT, B - RIS O o ARREIR KRS R B L AR K PSL-1400 &, B 22 BRRS RO MR
B XA AL FDU-1200 28 H L7z, B3I, WO - BEEHE DT, W bRk Rtz
TR ZHWwT,

2.2 SyHE - B

% HHILFE (Cd, Co, Cr, Cu, Fe, Ni) OJEEN 0.5 H L <% 100 ng mlt OFEER 100 ml
Z pH 3R L=, Z OEHANRIZ, 2 mg ml'l ® ammonium 1-pyrrolidinedithiocarbamate

(APDC) KW 10 ml 2L, WRFP OB A 4 2 BKMESE A E L7z, 20 mg mlt @
P-NIPAAm /K¥E#K 8 ml Z 1z 7 1%, GE4EMRHEAI L L C 170 mg ml't @ NaNOs KE#K 5 ml IR
U7z, AR Z 60°CIZIEAL, Bl L7k Ai L <IRVIEE T, KIH L& P-NIPAAm %E4E
MHESHESE, DL EEMEZT 7o MARF 2T TRVIHLT 1 ml AR 7T A=A
H, DMF T¥#Hfif - EA L, 20 - EOBEL, KF2Z A2 THEMKLZ P-NIPAAm Z v T%
NENATYY, DMF 2 X MR X O R OWIROREZE LT, Zowik%E GF-AAS
EEOBMFICEAL, BRTHRERORNE L L OHEASEER2Z (RSD) Ko7, fEFHEL CBC
1l VM-10A-M %, GF-AAS @& |3/ X—F% > /)L~ —H Aanalyte 600 2 L 7=,
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3. EBIOEE Table 1 Effects of the amount of NIPAAm on the
. . _ dissolution time of condensed phase and

3.1 IMERFE I X OV PEIC K the viscosity of obtained solution

¥ NIPPAm & D ¥ 2

NIPAAm it % 8~11.5 g D NIPAAm added Dissolution time Viscosity
(g) (h) (mPa-s)
HCELIETERLTZENE
Lo P-NIPAAm 125\ T, % 8 5.1 27
HAEYLHE OEEA 100 ng ml? 9.25 4.3 27
@ﬁitﬂ{ﬁ{ﬁ%ﬁﬁb\fﬁj\%ﬁ ° /&%/{ﬂg 10 4.3 19
BAEZATY, DT REEM D
11.5 3.5 26

DMF 2RI+ 2ETo
IF ] 72 D ONC IR AR 1% O TR OO K
Pt L7z, £ Ofi R % Table 112777, NIPAAm 7k W TWe&E (11.5g) k0 47
KF5&, DULABMEMPRLS RD2BMAZ R LTz, —7, MO WTITIZE A EEIR 720
Z &b, NIPAAm BZ2HD SETHLHEVRDRD LWV N Do 7o, WHFEED 5 R &
2% 8gDHEZERWT, KMHPIZIERAFT 2 EBEORE L~ GF-AAS TEE L, BIURAZRD -,
EN# 1L, Co, Cu, Fe ZBXLV Ni T 95%LL |, Cd B3L UV Cr TH 90% TH Y, 1ZIFEREMIC
P-NIPAAm |[ZHiE S D 2 & PR TE 72,

3.2 VEMREERF K OUKEMEIC X TEMED &0 2

NIPAAm 11.5 g # v, TEMED £ % 0.5~50 ml O #i[# TZ& Ak S T P-NIPAAm # &5 L 72,
% P-NIPAAm (ZDWT, A& [FAARZREBRIC K 0 IE L2 @R F K OO % Table 2
(Z7”"¥, TEMED &% 50 ml £ THII S5 &, R - KLV s RECHED L, 16k
IV HbRELHEETLLENT

T, U EDRRND, AFEER

. = Table 2  Effects of the amount of TEMED on the
© % NIPAAm & 115 g, dissolution time of condensed phase and
TEMED & 50 ml T&k L7 the viscosity of obtained solution

P-NIPAAm Z# W2 Z &IiZL

TEMED added Dissolution time Viscosity
=, (g) (h) (mPa-s)
0.5 4.2 54
3.3 GF-AAS I[c k5 HMLH
D B 3 2.6 26
FHBITEDOREN 0.5 ng 10 2.4 19
ml ! OFCERHE R 2 FH W T OB - 20 1.8 <10
IRAEERAE 247\, BE4EAH 2 DMF
50 1.3 <10

TR LT, W 0 BT
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F % GF-AAS TERE L7, BEF ~OEHEA 0.10

RO 5l & Lo, BRSO O Y L 7o kv | AP added

REHE TR (R L, B4 R 7, 0-08r1 o 0.1ml

ZoRE, & HHTHEOEREIE 20~30 ng o ol v Dom

mll, RSD (n=3) 13§ 4% Th -7z, BTk g

FEIZBI L TIE, 1k (RSD TH#%LL L) Tk Fg 0.04 1 2
RTKRELKET B ENTEEN, BEEE < .

1L 40~60 fF & o7z, AREBRTIE, 100 ml O 0.02 L 3

AEHAKRZ 1 ml [ZRME L TWDH7ow, Kk

SITEMERIZ 10051225 2 &b, 2O owv._ . . o

C SV CRA L7, HAYEHRIE P-NIPAAm 0 20 40 60 80 100
CERIITHE SR TV 5720, ERIEN T Ni concentration / ng ml"

AERIE, T2 GF-AASHIEICHh B EEZ BN Fig. 1 Effect of the amount of APDC

on the absorbance of nickel

Tz, F 2T, BERIERIC A W KGR (%

10 ml) 12 APDC #iRINL T, WOREZ flE L

7=, FOREH %, NiZfliC Fig. 1127557, APDC % 0.1 ml i1 L 7721 THEHR OB X 281%1F
245D 1LIZHEA L1z, APDC Z RN L7 KSR EHZ IR G IE 2 0 2 CoE IR & il S w7 1%, B
GF-AAS CERLIZE ZA, BHHEOMEAEEL, APDC BAEMOHA L IFIET KL, 20
L5, APDC $5{K7% GF-AAS O HIECIKAL OB Pk CHEHL L, HMTEOBRARNELZEEZD
N5, HEEOERMM APDC $5KDREECA I TH D Z £ b, BEHTOHKIZ OV T HEERIC
K DBt AR T2y, —H P-NIPAAm (THV IAE N8R OMBEEZ IR R o Tz, £,
BEHTOEMTEO TR R 2 ESE 5720, GF-AAS DRE T2 7 T L E ZHIICEL S
T THRF LD, B LHEOEBMEZMZ D Z LIXTERholz, ROoWEDOE B3z X
D7DIE, SERAIOERSLS~ M) v 7 RAET 4 774 Y —ORMRE, GF-AAS OE &2
LTHlEMEMBTVPMBLELNR D,
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