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BE RIHEFHNYNKRRZEANBREARRAENTME , XA LEO 1530 HXFHAHPAMBEER INCA 300 BEBMUNE
Rk, RBEKFMBHEKFHFUAHITTHR. ERRE, BRKPOFRYETERTHROE AR SR
86.9%. BKHE CI-Br Wik, SEEREMKN. MREFRMUENBEDT., Hd , & CI-Br MR SLH 6.3% , BT
REREEEHENEFY , XK RETAENENERADRET., ELBEBHR AL 55% , EMNA#ETERTLAE
SIREESRN T ERT ILF R, BREREFRREZRNRERE , A SERA 1.0%. HEVBREERE , B

/-

G 0.3%. WHBEXRK, REEKMBAKTRYWESEMARTH , HANI BRAKFRWH EBREBEST 90% ,
BRB2EKMBAKPDAEE—EENTRY  HEEEEL L ERTEESEAREBKNTRYEEAFEY. 5
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Evaluation of particulate matter in tap water, reverse osmosis water and ultrapure
water by single particle analysis

GU Chuchu, DENG Yin, LI Chunyuan™

(State Key Laboratory of Marine Environmental Science,

College of Ocean and Earth Sciences, Xiamen University, Xiamen, 361102, China)

Abstract In order to evaluate the possible influence of particulate matter on drinking water quality safety and laboratory
water background, the particulate matter samples filtered from tap water, reverse osmosis water and ultrapure water were
investigated by LEO 1530 Field Emission Scanning Electron Microscope coupled with an INCA 300 Energy Dispersive X-ray
Spectrometry. The results showed that the particles in tap water were mainly red soil particles and their proportion of particles
was as high as 86.9%. In addition to red soil particles, the CI-Br containing particles, heavy metal containing particles,
combustion particles and microbial particles were also detected. The proportion of CI-Br containing particles was 6.3% and
they may be by-products of chlorine disinfection, or residual organochlorine pesticides and insecticides. The proportion of
heavy metal containing particles was 5.5% and they may be from contaminated soil or mining in the Jiulong River drainage
area. The proportion of combustion particles was 1.0% and they may be from fuel combustion. The proportion of microbial
particles was 0.3%. Comparing the content and composition of particles in tap water, reverse osmosis water and ultrapure
water, it was found that the removal rate of tap water particles by pure water machine exceeds 90%, but reverse osmosis water
and ultrapure water still contain a certain amount of particles, and their content was roughly the same as that of the surface
seawater of the central South China Sea. In addition, it should be pointed out that while removing particles, the pure water
machine also introduces meaningful amounts of Cu containing particles and microbial particles.

Key words tap water; reverse osmosis water; ultrapure water; particulate; compositions and sources; evaluation by single
particle analysis
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BEEDAR TR PR R R, ANRRASEFHR T KES Y. b, E&E. AER %R
HEM. FFAMMAEY RRECE AR RS, R EEITERKMEERE L —, &
AW R REY, SLILmE Rk, KREH ., Em I, UL DR E TR 5
I — B EN E LR AN RAR K et BRI RIT K E KK & T ZBREBRY. &
FIH TSR, HHER, WERKPER SR, dl. RELLERGHFEESRE. A
MUARRZRE . BURMAED S, BWEZ LERTY. Bl AR REE, S&EIEar"
ARKEHERTY, JESBEEAMIPERERM, (HIZ2455 L& ESHHZ L EZEHHT.

LR, BEE AMTAESACEIE, AT RK 2 2/ RAE 7 E RS RER, SR K
NIBMA, SR, MEKKERT. R, SAMFRSEREE, REMAEDGE XK,
HELA V25K 7, ERBRBR YRR, 25l NS, flhn, FREEZEUIERb K, Bk
KK BiEIK (reverse osmosis, RO 7K) Hk it T4 . H4h, fESLIEN, 4iKPLH A1 RO /K
AR LK A <2y ” , T2 N TS s Iyt . MR RACE S . HEFE RO KT #E
A, Bk, NEESLK = KA, 726 RO KR4l /K 1 52 bR id 4 2R 347 3F A

gi LATIR, JFRERK. K BRI, ST ARK 2 4 e SIS 5 H KA R VA 5 5 B
FHEENRFEE . BT ZHEERE. MAEDE B S H0E KRR 3 ZH 82—, Sohi i
RANER LN FERIEZ — B E KR “IetbK” Ry & 8. RS SRV % LT 5T
VPl ORI iR —

— s, Pk ERREZ G, FREEE R PR Y B AR, BT SRR
B, RPERAR BT RRL P B B 2 10~20 ng/kg®D) | Ridg N (i, KK R B 7 R 1
BHAELUNT 10 pm Ny ECD) | BAGEE T H O (BRI X SR PR
Fil. #EN 20 fHhed 90 AR, JETHHRi B4 A BEE 10 B0 v IZ W Xk, BT ITRAEmED . BORRE
HoK LR B AT LSRG M0k 0 3 40 R S TSR IE SR A A, 1207 R SRS AR AR R 2 RS SRR (1) FH BT AL
S 3 7z N RS, [\, A S S v e R AR K AR R A HE AT T BT S 6281, SR, R
AR AE, fE2HUENT, AR R R IR K AR FURL 0 1) 3 B R 4y 2 — I i 78 3 1 il
GERIE T R R A ER . TN b R R B A KA R R, A5 R AR KA R A 2H R SRR 1) B
FLVE AR IT I A B B AR, I H B R AK R 4 -5 oK U5 S F 3 A0 RO AG 25 1 98 14 R DL i
RGN, 5 RS RIRE SRS W R e B3kt 70 O RL B BB, BR ORI VR AT AS 2R R 7K Ak ks 4) 7
2. ARERIESENE MR Tk —. T LR, ARCRABERES HRK. RO KAGELEKH
HIRCRL AT T W5

1 MRERE

1.1 R

EREEIE KK, RO KMBAK, Ed i pERE BRI, AERTEEAEH. L, i
FAZKE T 1R 2 A 22 1 X R B SR A%, RO 7K A B 47K B 4 =) A2 77 () U-R30 A1 U-R40 4li7K HLHI1S
Fr R~ 32 E EMD Millipore Corporation A ) A4 7 1 R Bk ER ER EJEL, JEIEE/E 47 mm, fL12 0.4
pmo

LIS R, AR RORL L R R, R BE AT, W ELE I ARSI A H kK
RO /KABAUKIBUKE. &HMBOKE, — 7R e &MBRY, 5—HH, BRI
TEPERRE FHES . RO BURLY) 1) HE B 2 P 51 S M URE A0 I v A T 2, AT e e SRR .
1.2 AHEBESEES T

KA S (LEO-1530, fEE HBEBEEAMR AR, BOKMRHEEHN 20 ~ 9 x 10°, #¥FE K 1.0
nm) J X BFZ6aE1E{C C(INCA 300, ZEEAw], 703 n[1k 133 eV, nfLIREHll Be ~ U Z AT A0 HR
(Z>4) ) B SR AT A BURIRE &, TAEIESE RS 20 KV, BN BURLA) 1 B8 3 SR AR I [A] Dy
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=7 . R, RABER.
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2 HREWie

2.1 WHYMEBINS SEEERA
211 ZHRBEFMNYZRER

FHER S SE - ERRERY, &8RN 21 NMmm?. 04F 11 NE VUSSR, 5 A Cr Pk
(Cr LRI T8 100%) , 2 Mgk (Fe JuRIE T /0508 100%) , FERRERFUR . & ALY Bk
S &R 2 1A ST Ll gh B, AW FLE S KRR P 1) % ) Ko i il e, R T
F 98 5 (1) TT RE S
2.1.2 BRI EBR D

BT KL ) TS0 R o0 3R AL AR, DAL T itk 2% 50 ) A A DI 7T 5 SR 12200, R A xet
R H BRI EAT TR BRI Gy, H BRI R T .

0, AR S0 TR L, ST B YRR A TR SRRAE, 5 a0 A B TR H
MAEBR (B 1 a, b, ¢, d o JGRHAM L, AL WMAEY) & EZE WY RH RS 5, WHTETA,
KIEG R AR NE AT ICER . BRANUR LSS, BRI B A4 BE, 2o 3 A 85 i
i B 25

00, PARIERURL ST . ZHUEOLT, BRI UL B A MR I T SR AE . X T AR T R e
ARV S, WUkiR 2 WAL, FFH 0 BRI T R A I FESRAFAE o X I R A Y
il 5, HMBURRERE, KEYOREIRVIOR R T M 20K P BRRBEEECR Gk X T4
PR = A R T 5, ALK IS R HEE R S e Rl — . BRILDUAL, BREEE v R H R & LA
KR NER I Bk (19-28), AF DIAE R — S s b, R Pk 2 AR 2 N BB R (black carbon) , {Hil R
B2 IR KRR, BRI IEA — B AR T . N R AN EE R, AR CRRZ N BRI
Wik .

FD, RSN ENUREE . SEERL. S ESEBRL. & CI-Br Piki. RIEA T ICER KM
PR A HUREE SRR, BT A& Cu MFIRIEZK N E Cu ik, TS ELEILER (Fk Cu. Fe DL
AN ORI IA R N A 4B R, T A & Cl. Br oL R ERLIA28 8 & CI-Br ik .

FVL, WIRENATE, BEAY . BREABR. B Si um & &8 100% M FIORL I 28 8 41 5
Wk, K Al TR 8N 100% 1) Bk A 2N B ALY kL, K Fe JT &S o 100% 0 ik A 28 8
A R o

FIL, KRENEEA. KA. PFFRAE. BUE Siv Al GRS E AT 100% 0 50k IH 208 =g
Ho. ¥IuE Siv Al & K 5% Na 3¢ Ca JLER T E A1 100% 18R A KA. # Siv Al Fe. Mg, K
JLE ST EA T 100% MWK H R R G 228 R K =B

SN, TR A OB A 0 2K ek R R . B AR, N BRI A AL
Yo CATRBRERER B ARG M m e A SCE AR AR RS E Y. B BIRCLAN, BRATIEERER
HII Y, W MgO. CaO. # A (CaFy) St NI Rk .

B ULII I, ASHIE SRS H 0 R 2 AL S A R B S A R, X T IR A BRI, ASHE
FUREAR e K o A0 60T 58 52 N R i Bl 2 e HL AT R X N AR R A R e RORE A SR Y . 254 R, RERR R
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MRMERAE RS ER A A& MR, SRSy mEs S A ESE R (Flm
Hg) B, FRATEHE X SRR X 43 2 B a S Mk, 177 A 2 Tk R 6 FRL
213 MANYEENEERT

AW TR & B R WA 7 URAE. H— A BRI, A8 “ANL” , B (D K
Ho

N=(Ny xA)/(Ay <V (1)

N A EALARA K A RO AN, Ny IR (R RORL A, A SRR s A, Ay N HLBR
LI BE R T AR VAR K AR AR

HTONMST R, AN “%” o RIS SRR )78 S Ok B 1 4 B

T, AHFTES H I E B LS BRI T BRI ST b TR R (i, 1% K&
LR Rckiym =, HA W BAMRME, BTk, AXESETRT, KBRIKR<1%MER.

(@)« (h) NERARPRAEYBR CGikprs) s E, emigl. (@) FRLBIE IO 2 um, (b)) hRILBHEIRNY
10 umo  (c) Jy RO K 2L MUK 1 BB 18T, 2SR MR o5 RO JK A P BIKL ) 98.4%~100.0%.  (d) y RO K ¥y it
R AT, RPN 5 RO KIIZE MBI ) 0~1.6%. () A1 (d) FAYLLBLELGIREI Y 2 um.

1 HRIK. RO K H A MR 43 i it B2

Fig. 1. SEM images of microbial particles from tap water, reverse osmosis water and ultrapure water.
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Tab. 1 Content of various types of particles from tap water, RO water and ultrapure water

AR Ao maf B mdh KA BHRA IR Bkt BRI SEIR S EGRM & CLBrl MBS SNTRER

Ff it

JEI% 1% W% W% % 1% 1% % 1% K0 /% R0 /% H/% Hi/% /104 L B4
E/EE 27 19 123 87 323 28 22 240 03 1.0 0.0 5.5 6.3 4984.3 668
%8' 246 39 12 0.6 43 6.1 32 63 243 1.0 17.8 3.9 28 14.0 507
7 -
%:E 229 58 06 0.4 134 196 6.4 175 0.0 12 0.0 4.0 8.2 93 673
R300' 184 72 03 0.7 56 92 49 85 225 0.0 8.9 5.6 8.2 267.4 305
-
30 376 96 08 12 112 108 52 5.6 0.0 12 12.8 12 2.8 18.4 250

2.2 BRKEN YA S KR

WIRGHTA, AEFFOEBR IR v 13 PR, SFRMPR A EEIITE 1. R 1 ATLUEH,
H R K s 3 B BRI A S 0 A Y 4, HRORLE 5 L2 i 32.3% A1 24.0%.  H ik RS A ES AN
AR, HBURLEOL L AR 12.3%F1 8.7%. F CI-Br FE 4 J& MUk (1 Bk £ &7 L 43 32 6.3% A1
5.5%. f¥E. KA. PR AN FBURLEL S LA T 1.9% ~ 2.8% 2 (7], Fdat 1.0% 0 #A B Ui
BRI AN 0.3% I AE VIR . ARG S Cu UK. T T A SOR A H SR S N 5 R AN 2 TH 2338 %28 73
L 1K
2.2.1 BARTN YA SRR

— T, E R AR 3 R T KR AR IR A R s iR . BT B SRR
KEEIL . JURIL IR AL T iy 22 KSR X, Rl Bk, e, KHBERHMZ, +
R R A VDI R A SR AE FH IR 2, SR T2 K B AL . B AR, JURTT A
I RAAE FH CdE N m e A B B . DAt AR AR 203801, o< 2um BRI, =B EUR N E s A
(32%) « eI RN 71, 26%) FIAfLER (19%) , S8Rt (RIMEFRIA) , 249 3%
KA, AWK A. A, 4 2%, KA &R = KB A ARSI, i it g B 5 AR5 E KK
ML Rt b mrsn, HoRKPR SIS A . ST Y. B4R, S, A KA. BRAE KA
MU RS 2 BT LRI IR 2 R B 4,

B Hh 2 - B BT YR B ORE DA, RS S T, TRV 2 R AR /KA f = S 1 JORL ) 4H BGS
2 — B2 ARt L U], BB R S ULV X R R [ K AR R 6 2 BRSO VR AT T . 4
LW, S ISTRIEREY N W 5 R ERL B 10.8% ~ 89.7%, “FIfEN 48.9% (A KE) . (HAW
FMAEMER (1 (@) (b)) fEERAKFH H AN 0.3%, & ZF KT RIR KRG kL 1 5
b, XATRES A RAKIAH I B A ¢ IR IE CAEmK K LAY (GB 5749—2006) ,
JROKAEHEN HRAKE N 215, EiE . BT HE S0 B AR Bl 2 R KRR ey, st
AR H, THERE T E SRR E YRR & R E R T R AR KR B = B R A
2.2.2 NRIRBUR YA B 5 RIR

AW FAE HRAK AL H 5.5% )& B4 BBk, H 3.3%% Hg, 1.6%% Mn, H&NE Zn. Ti.
Cr Jiki, =#HAT 0.6%, HWEMAKE. REMHS Mo Fikid, EARNEESTE. BT /kL
W N AR FE MR R OB E AT A IFREsIM2, ik, BRKFHE Mn 5
FIATRE SUCA . RS Hg Bk, FESGLOEPki e, b iR T g, AR A
Hg SiA77E Hg 75488, Rk, B R/KF 15 Hy B0kl §E 5 g 6.

AW T 6.3%M 7 CI-Br k. HA, 3.8% A4 ClJiki, 2.5%NE Br Fiki. f£5 Cl A& Br
Wikirh, 2 Garsgmiki gt 2R 4R Cl. Br Bk, B Cl. Br (R T H %N 100%. H
THBEFEET, B Cl 254, 5 Br &5 KMk, Fitk, BHMIXES Cl. Br R A K]
A2 Cl. Bro T AT ARESEAES RS LFB TR Co O, Fik, X4 Cl. Br Fukin] fg
PIAFAE LN ANL ClL Br $ifi. HATRERRIER LA FHA . H— g 5K EA K. Wik,
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PRI (CEVER K PAFRU#EY  (GB 5749—2006) , JR/KZEHEN HRKE M ZHT, LN
M, HAlG&HEERBEmEN—MEE TR, B, 1K S5 FRK B A 580 5 4 &4 2K R
FEEZH 2 — (www.xiamenwater.com). R KEMFF R ERY, KEFSERKEHTEE T
Y, B, xR, OHESRE, Kk, SHEEI YT RE R B ORK S CI-Br BURLI B R YE 2
—. HONWRESRGMARF K KREMHA R, @ 20 L dmb Lk, BEE IR K HoE &,
BHHLE . W WERBEE SRR R R . 257 LAFE B3R KRR TR A 25 3 58
R AN ARG, T4 %8 CI-Br Pkl 52 ok A, H 2038 Bkl = [H kK i 3 5 i
RVIRIE . Rk, & H RS CI-Br S0kt ] G SR IE TR 25 F1 4% BRI K EE A .

AW FAE E KK HP R R e IR RORE = O BRI ROk, AT RE SR ERARHCE K. (ENH S &
(K 1.0%) KE, BAEARE 2], R E RIS E R
2.3 BXRK, ROKMBAKFHNYWSESARNIT LD

H kK. RO KFBAIK & KAFRY & EH TR 1. HER 1LATLLESR, HXR/AK. RO KFMBELK
WKL) & B 5 A AT AR A R 35 220, X B 22 0 3R BH 4l K L R v K FE AN BRI G & B, [N IEAT
TERURLAN I BIN o IX R PEAL “aliidoK” ] fe i fd e KU fe s s “aliifK” RS T2 HER
RELENY
2.3.1 SKHLBR Y AR E

R 1 %0, MRS E LRE, HRKBR Y& RN 4984.3X10* ML, @ik RO KAl
Ak . R R 1A MR RE, U-RA0 4K HLEIEH RO KAGEAEK, Hmki Y% R )
AN 99.7%1 99.8%. U-R30 2li/KHLHIFF [ RO /K AR LK, FLRURI ) 2B %70 5N 94.6%F1 99.6% .
EHRZERENZ, RO KMBAKIRSGH —ERMWBAY . HF, U-R4W0 4iKHLHIEH RO KFIE
afigk, R RS BN 14.0X 10440 A1 9.3X 104 4M/L. U-R30 4hi/KHLHI#31 RO /KFIBAEK,
HER & B BN 267.4X 104 ML A1 18.4X 104 ML, N T 4 Eid RO /KFIFBLLK BRI & & —14
BELIEN %, 5 R b [ g 2 g s (SEATS ) 32 2 7K UKL 2 B 1 52 Br 00 0 &5 5. i3k
15t . FRAAE SEATS uhiRZHEK, KA SBERE, 9 AWM M5 &4 6.6 X10* ML, 5 AWM
B &N 195.0X 104 AL (AXCRFE) . HMATH, RO KAFBA KB Y & EAENR LS5/ F
] 1 72 3R 2 g 7K R R A 5 B KA AH 24
2.3.2 HAKNEKI RPN YESIA

STEG K. RO KFIAB A K Wk 20 R (2 1) FILLUKRIR, 72 EkAd, REHA Cu Bk,
{H U-R40 4li/KHLHISH RO /K, A& Cu PikibHEis 17.8%. U-R30 4i/KHLHISH RO KAIEE 4l
K, HA Cu B EL4r TN 8.9%1 12.8% . X A fig 5 4l /K WL EBER AN A6 F 1) Cu i %. Cu
I BT ERKEERSMERTT. L5584, Cu FEAFRS M 2 AT E LK%, 5T H
KoKW &, BT, KEHR, 58 H8KKFS Cu FEMHEH=AEME Cu BRA S EE, N
MLt . 5 HRKHEARR, —HH, dKMERZEEZE/RTERK, S—HMH, dKIHNEE
WEHTHEABRR IS E . SN E AL R K ARG, B8 Cu 7EHN I
KW 2 b RO KBGBAI/K AL, XA AE & RO 7K R/ EGHE 46 /KA HE 2 Cu ks 1) JR A

Br & Cu BUkiLLAk, P& 4iKHLEIF R RO KK A B L ENMAEY IR, U-R40 4iKHLA
U-R30 2K HLEIFFK) RO 7K, HBAEY S &0 5N 24.3%F1 22.5%. 3 H, RO /K H A D Fh 2
H5HKkKEEAR (K 1) . R RO AKFEH KR4 HIAE R R rF=4 0. Fse b, PRI
WF SR BL T X R G 5171, 3 2 vk 35 4l K B K AR 51N AR P R R X B R . IX AT RE A A
N HIEE HRAKMLE, Ak R ARG, S BUKLE SR LA BB R, T B kK H
B A% G2 B 5 I TR) A AR RS T BRI R 8, S EURUE Y B B IS, g Ak, ali KL K AR R R A 4
—EREE MY T KN EE T EIEAS RS, AR TR 5.
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E koK g ki £ O Bk, AR S CI-Br k. B4R EURL . BRBEIE Bk RN ik A
o Hp, agEn EEAREEEA. SET Y. S8, S KA. FRA. AR
g, HRIEE LN 32.3%. 24.0%. 12.3%. 8.7%. 2.8%. 2.2%. 1.9%Fl 2.7%, &1l 86.9%.
% CI-Br ki &84 6.3%, EATRRERE S & HE BRI, o] feskIE T 58 B A HLEUR 25 38R
7. BEAJRBREE NS Hg BRAE Mn fickr, HE&ESHRN 3.3%FM 1.6%, FRitz 4, ©FEK
HE Zn, Tiv Cr Wik, =&FH A1 0.6%. ©A10 68 L BT IU Itk wis 4 i T3 sk 1% . R
YR R T BN PR E R, BRI A 1.0%. AR Bk A AR, BRI ELAY 0.3%. 4l
IKALRE B SR 7K BURE ) 1) 2 B 258 3 90%, {H RO KA ZE KR & H —E mmMBhY), HEEEENR
b5 g A R R K R S KRR Y . TR AR, AR L B SRRk, R
BRI RN, B 5] N B SCERIE Cu BURL R ol A P ik

Bt B E TR 2GR R B 7T 0 B A AE AR G T AR SR R i R R 5B .
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