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[75%] AEmRMERSINEBRARN 304 ZTEBRA, ZHE1352MB 16907, Fif
7918765 %, B B HBURAE G L BERILENERKEPBHIR 2 F (DEP) . BAER ”IE T B
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[£55] Bepp [J11a39%K (GM) : 4.88 ug-g™] F1DnBP (GM : 4.61ug-g) BFRKERFEEHI OPEs
XI5 740, K% DEP. DnBP. BCPP. BBEP #1 BDCPP K FIEZTEMFIER (P<0.05) | BHRK
DnBP. BCPP #1 BDCPP & T & £ (GM : 5.83. 6.44, 0.86 ug-g* vs 5.47. 3.42, 0.69ugg?), &
4 FR % DEP A1 BBEP = F B M (GM : 7.44. 5.25ug-g™ vs 0.67. 0.80 ug-g") o Pearson HHX M 1%
1 B 7~ IR & 8-OHdG 5 DEP (r=0.219) . DnBP (r=0.417). DPhP (r=0.308). BCEP (r=0.420) .
BDCPP (r=0.287) #1370PEMs (r=0.276) 3 2 IEHE X (39 P<0.01) ; D EE, BEHERR
8-OHdG 5 DEP (r=0.240) . DnBP (r=0.436) . DPhP (r=0.367) . BCEP (r=0.448) . BDCPP (r=0.348)
F270PEMs (r=0.327) 3 EIEMEX (39 P<0.05) , L4 FRiK 8-OHdG 5 BBEP £ 1EH% (r=0.233,
P<0.05), H—FRIEMRIFERG, ZtsMEIH M ERR& 8-OHdG 5 DEP (b=0.182) .
DnBP (h=0.418) . DPhP (h=0.303). BCEP (h=0.418). BDCPP (b=0.284) F1 570PEMSs (h=0.281)
H2IFMXEL (38P<0.05),
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Associations of urinary organophosphate metabolites with oxidative stress levels in physical
examination population in two hospitals of Nanjing ZHANG Hongdan®*, XU Cheng'**, WANG
Tong™ *®, ZHANG Juan****, SONG Ninghui?® (1.a.School of Public Health b.Key Laboratory of
Environmental Medicine Engineering of Ministry of Education, Southeast University, Nanjing,
Jiangsu 210009, China; 2.Nanjing Institute of Environmental Sciences, Ministry of Ecology and
Environment, Nanjing, Jiangsu 210042, China)

Abstract:

[Background] Organophosphate esters (OPEs) are widely used as flame retardants and additives,
and have become a ubiquitous pollutant in various environmental media. Phosphodiesters in
urine have been identified as a biomarker for assessing human OPEs exposure.

[Objective] This study is conducted to detect the levels of seven human urinary OPEs diester
metabolites and oxidative stress biomarker 8-hydroxy-2’-deoxyguanosine (8-OHdG), and assess
their relationships.
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[Methods] The cross-sectional study included a total of 304 adults, 135 women and 169 men, aged 18-65 years, who participated in
health checkups in two hospitals in Nanjing. The levels of urinary diethyl phosphate (DEP), di-n-butyl phosphate (DnBP), diphenyl
phosphate (DPhP), bis(2-chloroethyl) phosphate (BCEP), bis(1-chloro-2-propyl) phosphate (BCPP), bis(2-butoxyethyl) phosphate (BBEP),
bis(1, 3-dichloro-2-propyl) phosphate (BDCPP), and 8-OHdG were measured by high-performance liquid chromatography coupled with
tandem mass spectrometry. Pearson correlation test and multiple linear regression analysis were used to test the correlation between
urinary OPEs metabolites and 8-OHdG.

[Results] BCPP [geometric mean (GM): 4.88 ug-g?] and DnBP (GM: 4.61 ug-g™) were the most abundant urinary OPEs metabolites.
There were gender differences in urine DEP, DnBP, BCPP, BBEP, and BDCPP levels (P<0.05): The DnBP, BCPP, and BDCPP levels in urine
were higher in males (GM: 5.83, 6.44, 0.86 ug-g™ vs 5.47, 3.42, 0.69 ug-g*), while the DEP and BBEP levels in urine were higher in
females (GM: 7.44, 5.25 ug-g” vs 0.67, 0.80 ug-g"). The pearson correlation test results showed that urinary 8-OHdG was positively
associated with DEP (r=0.219), DnBP (r=0.417), DPhP (r=0.308), BCEP (r=0.420), BDCPP (r=0.287), and $70PEMs (r=0.276) (all P<0.01).
After gender stratification, male urinary 8-OHdG was positively correlated with DEP (r=0.240), DnBP (r=0.436), DPhP (r=0.367), BCEP
(r=0.448), BDCPP (r=0.348), and 70PEMs (r=0.327) (all P<0.05), while female urinary 8-OHdG and BBEP were positively correlated
(r=0.233, P<0.05). After further adjusting for gender and age, the results of multiple linear regression analysis showed that urinary
8-OHdG was positively correlated with DEP (b=0.182), DnBP (b=0.418), DPhP (b=0.303), BCEP (b=0.418), BDCPP (b=0.284), and
370PEMs (b=0.281) (all P<0.05).

[Conclusion] The study findings show that DEP, DnBP, DPhP, BCEP, and BDCPP are associated with increased levels of 8-OHdG, indicating

that being exposed to OPEs may cause oxidative stress during their metabolism in adults.

Keywords: organophosphate; urinary metabolite; oxidative stress; adult; 8-hydroxy-2’-deoxyguanosine
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0 8-0HAG (97% 4L FE ) #x/E M9 F I ZE K Toronto
Research Chemicalso Z & M F & [E Merck (& i 44,
>99% 4ifE),
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ERBRFERA) RERAEZETIZ  IIN1mLS
FEEARVIERE, BaRET 0.22 um ERT IS, &%
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B E 1T E X % R, € A GraphPad Prism 8.0
FIEEIF . #I0KAE a=0.05,
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R1IEBREG ANBERBRIFARF OPEsKE =
AR B, FR&E H 7 Fh OPEs 181 F= 916 H RSEE 1
53.6%%99.3%0 FK /R B $70PEMs GM 3K E 4 15.01 pug-g’o
BCPP (GM : 4.88g-g*) #1DnBP (GM : 4.61ugg?) =2
B E AR & & EE W OPEs i =4, E X2 DPhp
(GM : 1.00 ug-g*) . BCEP (GM : 0.73 ug-g*). BDCPP
(GM :0.72pg-g") DEP (GM :0.59pg-g*) 1 BBEP (GM :
0.57pgg")o
2.2 4RI XBIRE OPEs 1§47k F

&2 BRI A B IR R IFE A OPEs XI5 F= BN
4 5 E Bo FR & DEP. DnBP. BCPP. BBEP #{1 BDCPP
EEMHMZEZEEFEEES (P<0.05) | SIFRRK
DnBP. BCPP#1BDCPP, B E T 4 (GM :5.83. 6.44,
0.86ug-g’ vs 5.47. 3.42. 0.69uggh) ; BE, WFREK
DEP 1 BBEP, LMitE T E M (GM : 7.44, 5.25pg-g*
vs 0.67. 0.80pg-g")o
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x1 FAREMEREGABRKT OPEs X =41 8-OHAG K937 (n=304)
Table 1 Distributions of urinary OPEs metabolites and 8-OHdG among selected physical examination population
in two Nanjing hospitals (n=304)

A R/ (gl ANETRZ / (ug-g”)
EEIALY] Po\_\sliﬁv;s\rgé/ Crude concentration/ (pg-L™) Creatinine-adjusted concentration/ (ug-g™)

Target compound % SEE VIRGIESE S TREE ENITE S SEE VIRGIESES REE FRAER

Range Geometric mean Standard deviation ~ Median Range Geometric mean Standard deviation Median
DEP 68.4 ND~29.51 0.44 2.69 2.69 ND~79.80 0.59 7.19 7.25
DnBP 68.1 ND~21.97 3.11 3.59 3.59 ND~91.54 4.61 16.45 5.78
DPhP 67.8 ND~32.35 0.67 0.54 0.54 ND~32.49 1.00 341 0.93
BCEP 68.1 ND~1.14 0.49 0.50 0.50 ND~5.29 0.73 1.63 0.85
BCPP 99.3 ND~334.59 3.36 2.98 2.98 ND~672.23 4.88 65.18 4.17
BBEP 53.6 ND~15.25 0.46 4.40 4.40 ND~20.88 0.57 3.54 4.11
BDCPP 67.8 ND~29.74 0.48 0.40 0.40 ND~29.87 0.72 2.90 0.68
270PEMs = 2.61~348.02 10.12 12.46 12.46 1.897699.21 15.01 73.60 18.66
8-OHdG 86.5 5.81~2008.55 32.42 147.65 147.65 2.94~2464.02 52.10 1016.94 59.02

GEIND : Ko, 570PEMs : PRI 7 F OPEs FCIST Y100 Sk o

[Note] ND: Not detected. $70PEMs: Sum urinary concentrations of all seven OPEs metabolites.

xR2 FARMEREIECABERRTS OPEs LB ESR
Table 2 Gender differences in urinary OPEs metabolites among
selected physical examination population in two Nanjing hospitals
AL (Unit) : pgg?
_ Bk Eegd
Sk Male (n=169) Female (n=135)
A= -
JUEER  iREE

Targer JUISEL REE o : i

compound Geometric Star‘1d:?1rd Median Geometric Starﬁdﬁrd Median
mean  deviation mean  deviation

DEP 0.67 7.09 0.86 7.44 12.72 12.01 <0.001
DnBP 5.83 16.38 6.20 5.47 16.39 3.91 0.043
DPhP 1.07 3.42 0.94 1.08 3.28 0.90 0.363
BCEP 0.83 1.64 0.85 0.80 1.54 0.53  0.090
BCPP 6.44 71.39 5.95 3.42 8.16 2.81 <0.001
BBEP 0.80 2.65 0.75 5.25 4.25 5.63 <0.001
BDCPP 0.86 2.98 0.70 0.69 2.44 0.49  0.006

270PEMs 19.02 79.00 16.32 19.21 23.63 19.83 0.299

[7£] 570PEMs : FRI&RT 7 7 OPEs R EIVIHY 2ORE

[Note] 570PEMs: Sum urinary concentrations of all seven OPEs metabolites.

2.3 OPEs BES& WP BRI XEX

Z 53 ANET RS, 81D Pearson X M I8 9 47
BN OPEs LT ) 5 8-OHdG FRIRR E (5 AT #k 4%
#) Z eI XM (Bl1), 53R KA : 8-0HIG 5 DEP
(r=0.219) . DnBP (r=0.417). DPhP (r=0.308). BCEP
(r=0.420) . BDCPP (r=0.287) #1370PEMs (r=0.276) 15
Z1EMEX (3 pP<001) ; BZ, FR& 8-0HIG 5 BCPP.
BBEP HEXMEAITEREN (P>0.05) (MArseitHlES2),

ZANEHRAERE, HBR4%ER 59 E, B Pearson
EXRMRIES T ARMINTEDoPEs G =Y S
8-OHdG FRIRRE (F AXTEIR) ZiEMExX M, &
B XREB : B %R &K8-0HIG 5 DEP (r=0.240) . DnBP
(r=0.436) . DPhP (r=0.367). BCEP (r=0.448). BDCPP

(r=0.348) #1370PEMs (r=0.327) Y92 1FMEX (33 P<0.05,
DA FEAAHLE] S3) 5 MR 8-OHAG 5 BBEP 2 1E48
* (r=0.233, P<0.05, TLANFEAAHIE S4) o

2.0 20
15
) o _— 15
0.5 : o 1.0

% 0.0 @

05 S 05
'1-2 r=0.219 0.0
=20 P01, 45

0

0.0 ‘«—' I I
o 1 2 3 4 5

8-OHdG

8-OHdG

U] RAZE AXHREReRE (ANEHEAE) #1754, A 1 DEP; B :
DnBP ; C : DPhP ; D : BCEP ; E : BDCPP ; F : 370PEMs,

[Note] Log-transformed urinary concentrations (creatinine adjusted) are
used for analysis. A: DEP; B: DnBP; C: DPhP; D: BCEP; E: BDCPP; F:
270PEMs.

Ell EmRERAEREIEABRES OPEs KiltF=15
8-OHAG JREH Pearson fAx M

Figure 1 Pearson correlations between urinary OPEs metabolites

and 8-OHdG concentrations among selected physical examination

population in two Nanjing hospitals
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LI EHRAES, EHEMEREFER, &
i % o4 B30 M SR — F R IT B> OPEs R4 7=
)5 8-OHdG IR R KR E (% BT #E% %) ZiEpI xBX
(K 3), 45 R & BH, 8-0HdG 5 DEP (b=0.182). DnBP
(b=0.418) . DPhP (b=0.303). BCEP (b=0.418). BDCPP
(b=0.284) F1570PEMs (b=0.281) TF1EIE M X Ex (33
P<0.05),

K3 FARMEREE AR RAET OPEs K= 5
8-OHAG REM Z &L EAS
Table 3 Multiple linear regression analysis on urinary OPEs
metabolites and 8-OHdG concentrations among selected physical
examination population in two Nanjing hospitals

Elata=x7 FRAELEIFRER (b) 95% B 15X i8]

Target compound Standardized coefficient (b) 95% confidence interval

DEP 0.182 0.005~0.301 0.043
DnBP 0.418 0.547~1.113 <0.001
DPhP 0.303 0.327~0.954 <0.001
BCEP 0.418 0.638~1.291 <0.001
BCPP 0.097 0.044~0.321 0.136
BBEP 0.003 0.203~0.209 0.977
BDCPP 0.284 0.270~0.880 <0.001
570PEMs 0.281 0.303~0.734 <0.001

[7E] 570PEMs @ BRA&H 7 7 oPEs RIIIM SR E, RALZE RN 8
BRBRE (AEFAEE) #HIT 0. MEMFIFELR ; BEAHLT
TRARFNTRE L,

[Note] $70PEMs: Sum urinary concentrations of all seven OPEs metabolites.
Log-transformed urinary concentrations (creatinine adjusted) are
used for analysis. Gender and age are adjusted; the survey population
report no history of smoking or alcohol consumption.

3 itig

AR BAETFHERARERSMBERERNE @
A PR & 5 OPEs X8t =) S | W R E IR EY
8-OHdG 2 [8] B9 X BX, B3 & TN : DnBP Al BCPP B &
BRARBPRFESH OPEs X574 ; DEP. DnBP .
BCPP. BBEP #1BDCPP & M 5| E =, 5 1% DnBP. BCPP
fsbcPp i F &M, LMk oepHIBBEPIH T 5 1% 5
Pearson 8 X 14 #0 38 93 #7 &/~ 8-OHdG 5 DEP. DnBP.
DPhP. BCEPHIBDCPP EIEMEX ; MR D EGE, Bt
8-OHdG 5 DEP. DnBP. DPhP. BCEP #1 BDCPP £ IF #H
*x, LM8-OHIGSBBEP E1EMX ; H—PKRIEM
AFMFER G, ZroskEE)I 24 275 8-OHdG 5 DEP.
DnBP. DPhP. BCEP #11 BDCPP B IE[AXEX,

BAEAMREFRMAIRENHREA (>18%) K
& OPEs Xt ¥ ik E 1T EL IR (I 4 FE M kLK S3)
DPhP 1 BDCPP RSt BIFA R 2 T B R &% = L BY OPEs
RB1Y), 2EF5TBIDPhP (GM : 0.67 pgL?) FREKF

R FEE (071~1.137pg L)) MME KR L7pgl?) ;
BDCPP (0.48pg:L") FREKF S5 IMMEK (0.55pugL?) +8
%, BiT{kFEE (0.69~2.321pgL") o XtF R DEP ]
BCEP, ZNFAZT#43E (DEP : 0.44pgL" ; BCEP : 0.49 ugL?)
5 % [F (DEP : 0.348 ug-L™ ; BCEP : 0.354~0.38 pug:LY) 18
Yo KIARMB R L E ARAZ A DnBP (3.11pgLh)
BCPP (3.36 ug-L™) #1BBEP (0.46 pgL?) Kz T =E
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