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B E REEH ARV = VG X D EH T 5
W7 & VEED -2- TF IV AF VO

AR B ATRAVR it e VNJEAMRR AR )
yFARE ke #

8% - RUEILE = (polyvinyl chloride, PVC) Z T 2B 0OFEM L LTLELfEH IR Tw
H. TNICHEBRIZRMTHIEICLVBELAREGCTE, HBICADEZMILI IR 5.
HER, WEIHIE LTT7 ¥ NVEY 2- =F VAF ¥V (di(2-ethylhexyl) phthalate, DEHP) A%F
RSN T & 7225, DEHP 3T - BB CHREEBEEDNH 5 2 05 S, PVC BEHFE
MO IHANDLEE R PVC U D FRANDLEEIRD SNz F0H, b hADFEY
BHERS ENT\wb. DEHP 1 PVC B3 Z O FERENE L RAMIAE D 720, HIFE T H WS
ELTHHENTVEHDORD R v, Ky VHEEF 2 — 71 R ENLEF2a—TH 20
—DThhb ZTITHELZNTREFEFG RO DEHP BlliE 2 Mat L7z, Z¥KkE v
fa—n& LT, 4HEORERER (53—1L% o327 -YFy F® 203270,
H 3<<AY) 2B TICHEERF 2 — 72 @R 3E720b, BRIAT YT © DEHP #EE
EEEHA O N5 7 4 —FHWClE L. BT 2 — 713 PVC # DEHP iRnB
X O'DEHP JERM O 2 M 2 vy, KA TD2o00FEB21T -7, FEEB 113, HAEE
100 ml/ B8 C, EHERELZ 1 KR4 2 [BATvy, DEHP 2T Lz, 8213, WA ME
¥ 8ml/ BT, R 1 W42 6 0], Fo% 8, 12 B HICHRILL, DEHP #EE %Ml
L7z, EBl1Tary ba— L ERBELT, TXTOKERERTDEHP EED LA %2380 7.
FEER 1 TO 1 REEAREZEE 2 T I2ME2TTHEA LSS, TXTORE B TEER
1 CH L DEHPisEDO G E D LA #3072, 72, DEHP 3RIi~DBEHBESICES & 7%
HEVbNTBEY, BHEEOEVICEZHEREORBICOWTHE Lz, KR, BEsEs
WX ) IR ERICAEZ2 807275, DEHP Eil&E & IR EEOBRIC—EDBIIEA S ko
72, FZT, F—BACEEEREOR ALYV ATV -HEZL Yy Y2 T - )Xy N2 R
L2, BHiGENZ WY a7 H CHEHESAFREICEMZR LT/, kX ) DEHP
WINPVC o BiifHF 2 — 72 w724, DEHP BHEZ D7 57201203 AEE
ZHDLZENLEFTLL, LIRS AT REAMEHRICIZZ oM. 7272, |
Wi A% WREANTIEAEE 2 HD 5 &, Tz EORIWEH %24 U 5 G H ) FEEA Y
PCHhHbH. —F, DEHP R PVC o FiifHiF 2 — 72 MM L, —i B REs ok
5.%4%79 &, DEHP BHEIEIAS ICIHA—HIEBIEZ B2 21 D 5. B o SRER&
G2 /NBoW6, RENOBENEAETLEMRENH S LA S DEHP & &AH L % Wi s
V— b O ZHESE L 72w,

X—J— R RUBLE =L, WAL, 7Y VERY 2 TFVAF IO, KRR

” WHR <, AL L TB Y, ZiliZ%k/z%, PVC

' BEEBAETH 2R CECHASIRTVS. 20

RV EILEY =)V (polyvinyl chloride : BL'F PVC) PVCIZ WA & D B 2 i3 5 2 & A30]

%, FoENEEOD, 1930 FA1H ST EF REChDH. WD ENNEIIIKEZ EORLE TR

HITEMNOMEE R TE BT VA L L, 60K $A5ZLI2X)TLE r—7 0Ok
S vis =2

[l
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o B Ep

R LComls, W@t AEAE, &
WEER A L FHHEPH I Z ) > Tn b, Rk
ELTHENG - Wity b, ANTOBEEE, B
B RBREHTF—F VR SIS TV S,
ZOLFBMAE LTI VEY 2- ZTF VL AF
¥V (di(2-ethylhexyl)phthalate : BL'F DEHP) 2%
mancsy, orcdo—g—CT@HLOEL
TOHHHERPHET AT %L, LaehTHRWPVC
B EGENRETH 5.

— 75, 1970 4EAR A b - 2 RGeS HTE L 72 i
By ay 7 2% H PVC 8Ny Zh St L7z
DEHP 235K & 8ebh, [HEWH] & LT DEHP
PEHENDL X oNTE o7V, 5121990 4B
2% > CDEHP 28 [BREEANVE Y] O—D L LT
Seb g 7229, [BRERIVE V] 1IN REAL
FWEFEIRVE CRRERAWE L LIENS. H
RTIEEWOERNICIY AFN5E12, Ak,
ZOHEMENTEEIN TV DL IEF R VE AMEHIZE
BEH 2RO L EHZINTEB VY, it
RIVECHWEE LTERT % 2 £ 9%% . DEHP
&, oA R, RS, SREA, I
BEESEENH L EPME SN TS, F/2, b
MNDFEEZDOWTOWZED 7 S, DEHP & &
FRERILT 7 A M A7 0 VIBEIKT & O
FENTBY, K880 T R K IO MFREAT
BIRENOBBE LM SN TS, HOAREER LY
ATIEZODEHP # & MK L CAEMEEEZ RS
WE L LT, AREES 1 BICOELTWwEY, K
PR Z DEHP i1 PVC 2% ShTwiz7z
WAICRE SN, Wity MRV — MET
K| DZEF R PVC UM DM E~NDEEN % ST
WA, BT 2 — 7% T3k DEHP &4
PVC 23 65 FlibTH 5 DONBUIRTH 5.

Wm%E A E

AFZED HIE, ERRMIZZH SN Tw 5%
BAZ SR I V7 2L, EEIHEHT 5
MERET, RNy VHEHEF 2 -7 I RIN5
Fa—THh TS5 DEHP B2 HE T 52 &1
b, HEERF -7 LT, N— FEEE
%5 2 — 7 CTDEHP &4 Db o & DEHP &4 (0]
WA & LT Trioctyl trimellitate : TOTM Z%M) @
bOERMH L. T2, EERFEFHELTIa—LY
(KFBSETH), =v3a7 - UFy F® (7Ry
Fox oY), TrvaT® H (TR Y xo5y)
BIOHLRHB IV D LAY (FHkiLE) %
R L7z i 3 O RAEANI A $IfE
ML, LA IV DI ARREBAKTEE
MALFE L 67T%ICHMLTHEH L., a3~ bu—
WELTEEKZH W, RERERHEhZhofl
BNEEZRLISRYT. BREH YV Y IVRVT (=7
i@ SP-80s) & Hv, ZEEKEED 5 MO
B E R T ICH R TF 2— 7N E B R R
L, BRIGAH O DEHP i 2 e L7z, B
#F 21— 71X PVC 8T DEHP &4, FEahD 2
e v, AT 2MHEOFERZIT- 7.

FBR11E, ARES5kg OFLIEIC 1 HEZ 1,000 ml 7
AT HERZEL, 200ml X5\ / HORGRER:
ANERE L TTo 72, Kk R#EH % 100 ml/ KT
WAL, 1REREC 2 AR 2 RICL, DEHP
ZHlE L7

FEER 21, FEE1To 1 REEARE 12 B2
FTHEAL, X DR ETHEALZYEES O DEHP
BEZMEL. $§4b5 100ml = 12 I THEA
T AH72%, BN 7-0 83 ml OFIEA L L2, &
WERIULZ I A B IATR 1 K412 6 0, ZDfk1% 8,

1 BREBE O

Fa—p®  xryva7-UFy FY o o xrva7®-H @AY

(100 ml) (100 ml) (100 ml) (100 ml)
GAHBE (kcal) 100 100 150 67
WAL E R = () 1562 15.59 20.6 7.32
HHAEEAR (9 4.38 352 5.28 152
e a4 = (g) 223 352 5.28 351
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BEHEH PVC ik X 0 #H§ 5 DEHP Ot

%2 9B L ORI 572 ) O DEHP il
T

RERER - Iy RIGAR

(ng/ml) AL {7
} - ] 0268 0025

7 a—= )Y
2 0316 0017
) ] 0252 0027

T3 N v K®

svaT VR 2 0228 0032
s 1 0302 0056
2 0359 0053
& C BO | 0155 0009
2 0158 0010

1w 1 R OFREGE TR
2 DED 1 K¢ OIRIGAE TR
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RIADEHPAH & (pg)

~
S

I

W | 2mme
RG]

e | 2w

Iva7®H

1R I 2B
Iooa7-)FuRe

e

Fa—L®

M 1 92E:1 o DEHP Bfiwit&

# 3 FEER 2 ORI HAIR & 72 ) © DEHP 5

Sa—)® Iyya7 - YFy ¥ Ty a7®-H Z LAY
pg TR TIRE e TIRE e TR
(ug/ml) (ug/ml) (ug/ml) (ug/ml)
1 0.629 0582 0.239 0.030 0.289 0.231 0.626 0.323
2 1.063 0.267 1.040 0.034 1.042 0.121 1.100 0.481
3 2.051 0.264 1.860 0.102 1.961 0.114 0.680 0.139
4 2.348 0.217 2408 0.212 2.755 0.193 1.144 0.245
5 2.665 0.309 2.638 0.162 3.233 0.155 1.157 0.302
6 2.968 0.309 2.801 0.168 3.522 0.132 1.095 0.204
8 3515 0.780 3.146 0.251 4.665 1.255 1.904 0.741
12 2.564 0.603 2.683 0.118 4810 0.366 1.600 0.436
12 W3R H AT, SRIUE T © DEHP i % 52 T esawe
L7 . LESDEVSUE S A
AT A TRH
$r FERL 212k bICERENOBIHC 6 1 5

DOFVE#4T572. DEHP 134 % / — )V CHilitk, &
Wik o< s 7574 —I2XDMELRY. B,
MM IIMENE, Wilcoxon D& 544 AL A K E &
Steel-Dwass MMZEZ W, P< 00 ZHEEDH D &
L7z

f& R

FEER1TIE, 2 b=V ERBLT, 4T
T D FE N R HEH O PRI T DEHP iRED 15
oIz (£2). 72, HWRIGARE T 2 Wi
%o DEHP #RAHREZ KT 5 &, 53— 1E,
Iyya7® HIE, XL AR ) HEICEMEER

553

~
S
3

DEHP RS H & (ug)
e g
»
o K
o

0 2 4 6 8 10 12

M 2 9B 2 o DEHP BR&w &
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L7- (P=00051) (1).
FER 2 TH 4 FET T ORI RIEH] O BFREUA TR
TDEHPEED FASHEO SN (3, K2). %
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DEHIPRIEAH E (ug)
g

o
3
in

o

e

w81 | ®=me | w1 | ®me
FA—LR Iva7 FuRR I a7RH
3 FEERL (1 WeMIR) &EB2 (12KMK) TOR
HE RO LK

HEE IR CER2MTHEED Y (P=00051)

Wy K22 #) 100 ml 3 A% © DEHP RfEE & %,
FER2 D 12018 & 2B 1 o 1 REE Tl % &
12 FE B O T RTORE KA THEICHEZ R
L7 (5a2—V®:P=00015, =¥ a7 -JFvy
F®:P=00039, =3 27%-H:P=00039, &
<A P=00015) (¥3).

%72, DEHP I3JRIENMETH 5720, BB EHA D
Jeli& R o#E VI X ) DEHP 2REEHEN R %L 5
WEEERH 5. £1LLRBEREOLVIHIZT ¥
YaT7® H zryvaT - UFy FY ZL AR
S5 a— W%k %55, DEHP B & L IRDi& =
OB —EDMEPIIA LN o7z (K2). 2
T, H—REEEACHEGEORLLITZ YV a
TU-HET Y27 - )Fy KYOEER 2 TD 12 K
M ® DEHP RfEEHE L i L2 25, JEH
EROEZVWI YV aTY - HAPZ a7 - UFy
FRIZIEL, AEICEMZRL TV (P=0.0206).

B, BEAKEHWZ2Y PE— VB X OTOTM
Zu[¥%K) & L7 DEHP & o — 72 ML
72358 ORI T DEHP R I TR TER R
FLIT (0141 pg/ml PLF) TH o 7.

£ =

DEHP 3 BIfEH % < o T EME L LCTlib
NTW5A, WHHTHES,THIE, DTFO L) I2HE
ENTWRY. 1. Atk 5 s 7 &
TEWLXRVTH AL, 2. NIRRT LHEFAMER,
IARC (EBEHDSAMIZERERY) TV —7 2B (k b

U CHBANEYRD D WHEELH Z) LI hTw
., ZV—=T2BoflL LT, a—b—XEEITE
¥, WEWEMmE,LOOBRBERENEENS. 3. NS
W EUER (BEERIVE V) A% wE L A5
RBEINTVD. 4 Fo B TR EGEME (EhEd
) 2HERINTVWEY, BEETEIREI SRV
EDMERENT VS, 5. Yy 7y AL OMENE
EWweEEZ ohs, 6. FpE, KHAKER, 7

b =R, PSS 0 BE IR AR LS 7
V7.0 BEEHMTHENIZERT OV A 7 G X,
L bBIOERBIIHLTO) A7 B ETRELA
VTiE v, ¥ 72, DEHP IZEAEICH ) L4012
FHINTBY, INETHRTITbNZY A7 5F
fili©H FATOMHIHIBR 2 #8 2 5 HIPIEAZE L LTw
5. Do X HIEEEZMA 513 DEHP A3
W4 i Al e L CRMEN TV S,

—7J7, 2002 4EICE A Gr A RS )R X, DEHP 28
b3 20 ARRIcEN LT A e RlEL. 2
D720, FABOONEEREMT 2 X 9 AL
WIWH AN, REEROFRTEITIE,
DEHP # &4 34 PVC 2 AL CTE AR b nwED
HoRD R E 2. & 512, DEHP %N PVC # o
R B 2D W T DEHP 25 H L 2 Wl Fi~ o
EHEAMLTWEY, WERoEZEE LT, Y
i %47 ) BERERZEOBVEN EZ 2 5N 5H
AW, FUR, AEEHIEE IR & R B L AT
FLwE &Nz, F72, DEHP ORERNE IR H 72
TR, HURER, #ioRESR, BRI, I, Kb 7%
Y, ZlEscB IRt vwbnTH ), DEHP BE#H#IC
Lo T, [RMICAIE, IFEE, KESAOERR
E DR ENI AT D fEtEaid 5157,

PVC BRIIMLZEMICZE L2 WETH 275, 7]
MF O DEHP & 13 fbF54A L Twie vz, DEHP
BAESIHEHBTRETH S, 72, DEHP IZ#RTTHEH
S5 L E TR RS U — B FEY © mono
(2-ethylhexyl) phthalate (MEHP) (2214t 4.
DEHP O #MAEH 12 MEHP 3% L % 5. b
I Tid DEHP 135% < MEHP & %2 0, B{LX T
“UACHY COOH-MEHP, OH-MEHP, oxo-MEHP
HEEALL, ZolEEAEOREWEII NV Oy
Btk e LT, FIRPICHEES S Lwvwbi T
W3%19 - —J  DEHP % MEHP i3t b CidliiE%
Wil 5?0, BIICEDIRITT A LY,



B PVC 8k X 0 #H§ 5 DEHP Ot

EHIZIE3VHAET TV o Y EBIEATE DR
PO RS ER TR 2 LI2XD,
FLE, WBIBICK4 % DEHP OEEH 2 FR T 56
WA 5.

DEHP ®iiit % — H & (Tolerant daily intake :
TDI) HARTIZFowHOEGHEREH T2, &
BB DY 40-140 ug/kg/ HEED P, Thid—mY
BRADNGEEZ 5NLD, BEADOERZEDIE
WNB OS] TDLIZB LTI, HATIZARZIIR
ENTWwWZ\v., European Chemicals Bureau (ECB)
A3 2004 AE IR B R A2 LHEICR L7 TDT UL, 3~
1203 T 25 ng/kg/ HTH o722,

SOFEEL, DLEo#mExt b &g, FEBIZPVC
#1C DEHP & A HHF 2 — 72 Hnizha, &M
KR DEHP 2§ 5089 », 72, A
HWEEDZEALIZ X ) DEHP i EICEL DS % L
) M EBET L7z,

9, FEER1 TR, AHEHORGREROFEAE
1o 7o H, 4 FE T X TORGREH ORIER
TDEHP #ED A Z2RH7:. ZoZ & X)) DEHP
W PVC 8kt 7 2 — 7 %44 5i1E Al DEHP @
BHDH 5 2 LIS N7, HHRERERZ 2
IF [T 200 ml 7 A L 72854, DEHP P32 8804 =
1 31-66 g 72572, B ZIXMEKE 5 kg D/NEIC—H
1,000 ml ® i (200 ml X 5 [8]) % DEHP #h PVC
BWOF 2 —T &4 L THY L6, DEHP #GE
1 31-66 ng/kg/ H &7, ECB O4E#H TDI %
A TW5. #HHOEFITHIC L) BEEHEAY
BHOBMRICBEINDLZ EIZh D,

—7, HILEM R RLEERED 5 W IdSE/NEDS;
A, RBREORIBIERBIEAPENTH 5.
HRES5kg DILR~OFEReiE AME L LTI, 5-
10 ml/ B CIEABBT 5 2 E0% . ThbHDfiE
WZEDHET, EB1To1REEEAR 100ml 2 12
eI TIEA L2 EBR 2 21T o 72, ZOFEETIE,
RS 72 0 83 ml OFbeiEA L 2 ), X ) ERICUE
WikEE R B,

ZORER, FEER2 TH 4 TR TORBHREH]
DORIEW T DEHP O LA R bz, i
ARG & 0 #RRE I AL & 72 D 0 DEHP ##EEAY
ERLIED, =327 HUAOKERNS 8 KR
HICE—=ZIEL, Z0#% 12KBH T4 LT
Wb, Tyya7®  Hid 12 B DRI IR E AT Y —
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JICETHERDR, TOBBYTLEEEZLR
5. TEABIG L Y DEHP o%H2NE L £ ), DEHP
RIS 5. ok, DEHPEEIX, -2
7Y, W T—EREE T h—=¢45%EEZ20N
L. EER D RBEHITEAZ 2 B LIRS L,
FEER 2 I =27 B0z, FOBERLIZDOE
Bbhz, FEB1OKEER DEHP A1, &
R O 72D iR 7 {, FEBR 213 LW Tk
Lol lENENS, QHITEALFERTICT
LC, R A L2 ER 2 OB AEREICE LD
DEHP iHESRD S (M3). fito T, K
\2B W Cid DEHP # PVC # o HEHRF 2 — 7
W24, DEHP B E2 V< 35720120
AHE 2D B 2 & #HEIE L 72w,

51T, IREFLA % BRI 59 2856, PVC #o
i v N &R % L @il DEHP 25§ %
ENHEESNTEBYA®, KL T DEHP %
FELVEEY Y PEHT A ARSI T
5% $74bLH, DEHP 3B IIRMICHET 5.
SROFEBR T, REEREAE L RiaEs %%
LEH 2 H W EE2 TREEEOSE VT v
Y27 HORREKMN DEHP B ENT Y ¥ 2
7 )Fy F® Sa— L% 3L ANMIRL, B
BICHWImLCwz, —F, BigEo X ) bhnwg
I— V25, 13 AYX ) DEHP i HE2SH 512
Lo iERbALN, JEliG =L DEHP dHi=
OBRIZIE—EDBEMIEA SN o7z, £ T,
BEWiRE 7 25H U TR e m R b2y a7 - )
v F¥ Ly 27®-HIZHIF 5 DEHP Bili&E%
L7z F2ER2 o 12 Wiff#£ 0 DEHP Rt s
ZIETHE, RicEDZ VWYY 27 -HOK
NIy a7 )%y KX ) DEHP iAHEDSHE
& ol ThbLIENREDSE < %% & DEHP
WHELBIMT 2 E8bhs. BIGED X K
S a— VO, 12 AYE D L DEHP B EN A E
2% 0o 2 HHIEAHTH 525, BRSO D
ZFOEKNELEDLDNDL. Fa3—- V"D ELNRiEH
FHE &4 ZMTH Y, 1E <L ARI =400, 85—
LABMTH A, Tz, FEEREAIERMS WAL
HOFELEDLEBR L TVLIRERH Y, 5HD
HETH 5.

DEHP i8It & o Tidk, +iE @EEYo
W EH 5B ETAICHFELTEY, WA
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DWW THICH 2 MEORZEZZIT TV A, EREZ
JHEBRITNIIMA, S O5ICBEE 2T B RENE
2d Y, DEHP M Z W RE 2[R Y 2 5 551 H3 LB
Tdhhb.

&

DEHP 0 PVC # o B F o — 72 w7z
Yitr, DEHP I EZ D% 757201213 FEA#
JEERHDLZENLET L, EWREE L&
FEFEARE I Z o@mdam. 7272, Bl
ML VEREANIEAEEZ RO D L, THiZEDH
TERZAEC LRSS VIEEIPLETH L. —
75, DEHP &N PVC 8o HHiER 7~ — 7 % i
L, —aRERERNORYS %179 &, DEHP &
HEAEDICHE— HBE L B2 212D 5.
RO REHIG-R2/NEO%E, EENDOREENTE
S BIEBMEDH B Z EH 5 DEHP 2 &4 L i
FNW— PO ZHESEL 72\,

=5
aa

BE OAWMRICEEL, HEZR IS 2B o AR ASE
SRR 2 f R SR 2 T R M R P AR SE A TR M B A 2 B A
Ve YOI A0 € DNE L SRS S L R e e
SPGB M e
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EXPOSURE TO DI(2-ETHYLHEXYL)PHTHALATE WHICH LEACHED OUT OF
POLYVINYL CHLORIDE-BASED GASTROSTOMY-CONNECTING TUBES

Sae TANAKA and Akira TOKI

Department of Surgery, Division of Pediatric Surgery, Showa University School of Medicine

Abstract —— Polyvinyl chloride (PVC) is widely used as a material in medical devices. Di(2-ethyl-
hexyl) phthalate (DEHP) has been the main plasticizer to impart flexibility to PVC products. However,
DEHP leaches out of PVC products into fluid, especially fat containing fluid, because DEHP is lipophilic
and does not chemically bind to PVC. DEHP is a reproductive and developmental toxicant in rodents
and human as well. Therefore, administration sets, enteral feeding sets, and irrigation sets have currently
been altered to ones without DEHP. But some enteral feeding sets like gastrostomy sets still contain
DEHP. Exposure to DEHP should be prevented for under developing youngsters since they are sensitive
to it. The purpose of this study is to determine the amount of DEHP released out of PVC tubes in clini-
cal practice. Standard enteral feeding formulas, Racol® (EN Otsuka Pharmaceutical Co., Ltd.), ENSURE®
Liquid (Abbot Japan Co., Ltd.), ENSURE® H (Abbot Japan Co. Ltd.), and an infant formula, Hagukumi®
(Morinaga Milk Industry Co., Ltd.) were passed through gastrostomy-connecting tubes containing DEHP
at low (8 ml/h, 12 hours) and high speed (100 ml/h, 2 hours). We determined the concentration of DEHP
in each sample using high-performance liquid chromatography. The mean cumulative amount of DEHP,
when the sample was administered at high speed for 2 hours, ranged from 31 ug to 66 ug. Based on
these experimental findings, administering 1,000 ml of any one of the tested formulas to an infant weigh-
ing 5 kg would result in a sum intake of DEHP higher than the tolerable daily intake for that age (25 ug/
kg/day, 3-12 mo, the European Chemicals Bureau, 2004). In addition, a higher concentration of DEHP
was detected in the formulas which passed through the tubes at low speed compared to those adminis-
tered at high speed. Furthermore, the concentration of DEHP in high-fat containing formula is higher
than in low-fat formula. This study indicates the need to either administer children’s formula using
DEHP-free enteral feeding sets or complete the feeding within as short a time as possible if using PVC
tubes containing DEHP.

Key words: polyvinyl chloride (PVC), plasticizer, di(2-ethylhexyl) phthalate (DEHP), enteral formula
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