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Effects of halogenated flame retardants and cadmium on the germination and seedling growth of rice

JIANG Xiu-lan', XIE Hui*", CHANG Xiao—yun'

(1.College of Resources and Environment, Shandong Agricultural University, Key Laboratory of Agricultural Environment, Tai"an 271018;
2.National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Resources and Environment, Shan-
dong Agricultural University, Tai’an 271018, China)

Abstract: The study investigated the effects of halogenated flame retardants[tetrabromobisphenol A (TBBPA) and dechlorane plus (DP)]
and cadmium(Cd) on the germination and seedling growth of rice. A seed germination test was conducted using the soil application method
with the seeds of No.3 Yuanhan rice. DP, TBBPA, and Cd inhibited the germination and seedling growth of rice, and there was a significant
dose—effect relationship. The ECs(concentration for 50% of maximal effect)of DP, TBBPA, and Cd for root elongation was 250.40, 124.75
mg-kg', and 133.41 mg-kg™, respectively, and that for shoot elongation was 645 265.53, 244.52 mg- kg™, and 81.80 mg- kg™, respectively.
Halogenated flame retardants and Cd enhanced the root activity of rice. Compared with that in the control, the proline content in seedlings
treated with TBBPA, DP, Cd, and combination of pollutants was increased by 51.03%, 4.91%, 42.52% and 86.35% compared with the con-
trol, respectively. The soluble protein content in rice seedlings treated with TBBPA and DP was increased by 36.55% and 5.86% compared
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with the control, respectively. Furthermore, the formation of soluble proteins in rice seedlings treated with Cd and combination of pollutants

was inhibited by 28.86% and 15.09%, respectively. The soluble sugar content in rice seedlings was reduced (8.41%) by Cd, but increased

by the flame retardants and combination of pollutants compared with the control. The seedlings of No. 3 Yuanhan rice accumulated Cd to a

certain level, whereas the residual level of the two flame retardants was very low in the seedlings. The results indicated that DP, TBBPA,

and Cd could inhibit the germination and seedling growth of No. 3 Yuanhan rice, and that the seedlings improve tolerance to pollutant

stress by regulating the content of proline, soluble sugars, and soluble proteins in cells.

Keywords : dechlorane plus; tetrabromobisphenol A; cadmium; rice; toxicity
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Table 1 The effect of flame retardant and Cd on germination of rice

V5 YL Eis Qb Treatments

Pollutants Indictor CK 1 mg-kg 5 mg-kg™ 10 mg-kg™ 50 mg-kg! 100 mg-kg™! 250 mg kg

DP KEEEI% 98.67+3.13a  92.00+3.13b  89.33+5.81b  85.33+1.10b  86.67+6.50b  86.67+1.06h —

R ZFHI% 98.67+3.13a  92.00+3.13b  89.33%#3.13b  80.00+1.06c  77.33%5.10c  77.33+2.03c¢ —

R 24.67+3.13a  23.00+3.13a  22.33+5.81a  21.33+1.10a  21.67#6.50a  21.67+1.06a —

[LPAEiEE S 41.04+2.05a  33.92+1.36b  32.38+2.45h  33.74#2.65b  26.68+2.16c  26.48+2.02c —
TBBPA REERI% 98.67+3.13a  97.33+3.83a  93.33+4.60b  84.00+1.02b  77.33x3.83¢  78.67+5.86c  77.33%1.13c
R 2EBI% 98.67+1.03a  96.00+3.83a  90.67#3.02b  80.00+1.00c  69.33+2.87d  68.00+2.34d  64.00+0.76d
R 24.67+3.13a  24.33+3.83a  23.33x4.60a  21.00+1.02b  19.33+3.83b  19.67+5.86h  19.33+1.13b
SRR 44 41.04+226a  34.07+1.21b  26.76+235¢c  25.83+2.44c  19.4622.09d  17.04+2.06d  16.54+1.89d

ki) R % 98.67+3.13a  96.00+3.83a  86.67+6.50b  88.00+7.12b  80.00+4.95¢  78.67+3.13c —

R 2% 98.67+3.13a  96.00+3.76a  80.00+4.38h  80.00+4.88b  69.33+321c  68.00+1.03¢ —

KR 24.67+3.13a  24.00+3.83a  21.67#6.50b  22.00+7.12b  20.00+4.95b  19.67+3.13b —

SRR 41.04+2.07a  33.97+1.34b  20.33x1.45¢c  25.67+2.39c  16.77+133d  15.79+1.03d —

AT RHHI% — — 86.67+3.29 — — —

K% — — 77.33+3.11 — — —

RHFAREL — — 21.67+3.29 — — —

ILWAE R4 — — 24.92+1.89 — — —

T [RAT AN R RE R A B R) 22 57 i 35 (P<0.05) o R IR

Note: The different letters in the same line indicate significant differences among treatments at P<0.05. The same below.

DP 431 K (FHXT 43 F i i o0 653.7) , KIS PERR /D,
AT RO TS XK R RN T & RS AN T A A
TBBPA 1 4= W45 5CPE 3058, X /KRG Fh 1 0 2 5% i 4
K, DL A5 ekt KR A 8 & 145 i) 5 202
TBBPA FlIHHTE B 11
2.2 PE#AFIFNEXS K B IR AN SF MK AN

DP  TBBPA FE X 7K A AR 125 A 52 i 4 751 1
FIim

[ 1A, Bl - 8 DP . TBBPA FI4R e B 1Y
B, KRS ZE AR A 2 52 B AS [ R BE i 4 aklAE .
DP V5 4% + B ARG KRS ZF KB & PR (P>
0.05) , {EXFARHA 5 25 () 52 M, it 24 A B 201 359 5 %o et
HA W22 5 (P<0.05) , ¥ ¥ 50 mg - kg™ A1 100
mg - kg XK FE AR A 1 25 53501 Ky 34.65% F149.15%,
Ui BH K R AR L 28 X DP 5 fg0UE% s TBBPA Ab B BR T ¥k
BN 1 mg- kg SXF B KAE ZE K TC B 25 (P>
0.05) , Al Ath B A REAH HL 3 B B 25 1 22 5 (P<
0.05) , T X /K P A K 35 B AT (B Pk 25 57 (P<0.05) , i
R [R] e B () TBBPA X /K R AR 1 HLA (35 A s i £
Fo 3 TBBPA ¥ JE 4 10 mg- kg I}, MR AN 25K
T 24350 4 31.43% F131.15%, 133 Fp TBBPA ¥k &
11K 100 mg - kg™ B, MR ZE A 0 R 0 43 51

49.47% F147.90% , i, B /55 ¥k & TBBPA X 7K A5 25 FlAR
P HA T E I, 10 me-ke ' BA RIS KA XY
ORI 3 LR YT 10 mg- kg™, A ER AN I 2
[ 2K HA B k22 5% AR K G B E 22 57524
F IR E R 5 mg - kg B, KRR AR A0 ZE A4 0 1
ROy H N 4.55% F115.85% , + 3 h AR E J 10 mg -
kg™ BF R R ZE A A0 4 22 000 43 5 3k F) 4.83% F
29.87% , - R BE R 50 mg - ke B, AR TR
TR 5 1K 46.94% F149.60% ., FIRBEE 135 iRk
JE BT, 2R B 008/, AELAN (] v J32 326 il it
22 AR B K MR B X KA 5 /0, R Ao 7K A R
R S DG 7K A &0y v A BT I 2 Al 4 1 [l
8 B T KRR B 4 H AT — 2 I 32 1, X v e
JE 5 ) A= ) A ek 55

K SPSS e it Hr , We B2 2417 10 mg - kg™ # DP
TBBPA Fl4 5 415 Y 55 X6 BEAH HL , ZK R 28 F AR i) fif
K32 30 Wiy /R 5 G5 %4 5 DP AR IR 2F
KAEAGBEEZES S ZFERAMEERR TR
Ye (H5 TBBPA FIG7 AL FR () 25 KOG 5 M 22 5%, XK
4y 1 A 1 52 M) 3 2 2 fH TBBPA FlGR i s 1Y &2
AR5 DP AR K A B EEER .5
TBBPA A FR AR TC i 125 5
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Figure 1 Dose-response curves of flame retardants and Cd on root and shoot elongation of rice seedlings

2.3 TBBPA 5 DP #n$& X4 7K F5 4h & 4R F0 ZF < H 5l AU #8L
AHTEMECs

15 LW R ) Y 2 PR BRI SR B B AR FR AR R 2
AR E E Cso SR VTAN , b1 4 R BELAA R R X 7K e 4 P AR
FZERAIN TR LG T B ECso AN R 2 T .

FHER 2 AT, 3 s Ge ik FE S /KA 2
R 3 22 AR S 25 A IEAH DG OG R (P<0.05) , 7K
FE AR (Bl 25 ) il 22 5 + 58 v DP  TBBPA F14%

(A W JEE A7 AE S 35 IR -0 R R o i i 8L O
(AR 6 2R BIORT 1 5 Y 6t 2 AR AR 0 i 114 5 e >R
FAXTE A LA 7 R R A T . R X K R AR A
FZFE K 1Y ECso 23 510 133.41 mg - kg™ H181.80 mg-
kg™, TBBPA X 7K 5 AR A1 4 Fl 25 i 4 1 ECso 53 51 4
124.75 mg-kg™ F1244.52 mg-kg™", DP Xif K A AR K Al
ZE MK 1Y ECso 43 91124 250.40 mg - kg™ Fl 645 265.53
mg-ke o WFFEEE AR A TG KR faTs e A

32 TBBPA .DP FF XY 7K 75 4h B AR A0 ZF KA A& TR ECso
Table 2 Fitting equations for the inhibition of root and shoot length of rice seedlings and ECso by TBBPA, DP and Cd pollution

15 44 Pollutants 4% Indictor U4 5 72 Fitting equations A F L r Correlation coefficient ECso/mg kg™
DP HAf A ¥=9.341 7Inx—1.594 8 0.893 6 250.40
AR ¥=3.920 8Inx+6.577 8 0.754 5 645 265.53
TBBPA g K| y=8.330 8Inx+9.792 7 0.9526 124.75
ZEAm ¥=6.050 6lnx+16.726 0.965 0 244.52
kil i | y=12.859Inx—12.925 0.858 2 133.41
ZEAAN ¥=9.176 11nx+9.586 3 0.9516 81.80

FE R VTRIIE .y S

Note: x indicates pollutant concentration, y indicates inhibation rate.
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mg-kg™ TBBPA .5 mg-kg' DP .25 mg-kg ' #AFIE 515
e IR KRR 215 J7 38 L B3 B3 1 7.01%
22.04% .25.09% F132.58% , B T PUTR AL A FIXTRETC
k25 S b A A R S B A B R
YUuRE AL PRI SR T OK AR AR R T, B A T5 g
25 mg- kg ALK A AR FR G 7 R, AT RETS L
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AT BE SR AR 4 v XAV v B LA 390 R 4 s W3 1)
— 7 v AL
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Figure 2 Effects of flame retardant and Cd on physiological indexes of rice seedlings



1466

URIEIN Xl F3965 78

A PERE S AR B P 48 A5 , R 1] 2D T
GV ELAT A AR A P9 T R AR B L S
R 8.41% , BRI AN A5 15 Y HA (et /K A 1R oy T
VETEREAE A VE F , TBBPA \DP I 495 4% Ho X B 43
FHEIN T 32.12% .33.63% 1 11.15%., 1E75 44 38
T AR R AT LUE 2 B BRI AR IR IR R
A KB K 232, Chaum 252547 18 Rl RS AR 2 Al %
PERE LR X ER M, R AR S shBE & A Y & &
1o R AN W7 & A 2 AR AR B KA A 0 ARt S il
Ab Hr w2 & AR AR Al KRR R A AR, 2
FNHMATE YL FRBE 0 a8 S0 0, AE A m s AR
SR

DP Ab BN R 6 e, R o AL, &
BT s, ATV P O Bt , LR B e
WePE N 5 mg- kg 1Y DP XK RE 401 A0 25 5N, 2h i
J7 A e 2 B AR Y 20 B AR 4 ) ST 4 5 % DP
PP, AT 22 B0 H 8 = 2B K06 7 . TBBPA &b
PRAN A R 0E B, I 2R 1 R AR T o
Ty, ATV PR O A, K R 4 32 - 58 h TBBPA
o 360 58 kg 7 B 0 2 B Al R T P A R
ARG o ORGSR B B Ui . ERAL PR AR
RGBT 2R T w25 1 BT f AT
Wi o B AL, % 25 me - ke SR A — i BT 2Pk
82 A 15 YR KRR S W g K, Bl R % e, BR
P 5T 2 AT M S AR, KA 4 Y 32 ISR
Hh S YL A A R B 2R A R R AR Y A S i
B YR A 1 B0 A BIORA
2.5 KIBHERTLYABE

Fie B 1.5 5 AL PR v 5 I A 3 Fs YLy 1) 5% BE
HNE 3,

WF 5T 45 J- 3¢ 5] DP F1 TBBPA 78 &) 1 v il ok i 14
BN RS R YA B me - ke KOF (B A AR
PR FE X8 R ng - g7 KO, 33 02 BT P A SRR 570 43 o
B K HLR A8, AR M A WA, 1T L DP B 5 S
S IARLEL T T R B K22 R K AR R EY)

*®3 FEEM3S4EH DP . TBBPA MENREE
Table 3 DP, TBBPA and Cd residues in rice seedlings

S SRR T4
Pollutants Residual amount(dry seedling)
Syn-DP 1.006 3 ng-¢™'
Anti-DP 0.288 2 ng-¢'
TBBPA 2.56ng-g"
i 59.37 mg-kg!

PR IR R 59.37 mg- kg (THRE) AR B SE R BN
2.37, U A i Rt i AT — E AR R B4

3 itig

3.1 DPXT MBS

BARTEIREE TR IZ K B H AGXT DP ) 8 24
MLRIF A oA BR . Zik AW 2 R s>, f
FEEER BN, BAR DP AR ap PR AIR, (R s vk B K
VE AT 23 XU 38 B — o 2 495 5 55 - VLB 2 Tk (754
REIA TR A EE , DP T S 35000 BE0m 35 1 T A= 0 s SR ) o
JPEEE KA LTS Y N VR BT RS A
i NIRRT A S T 2R, Sun S0
T 5% 2 BT 2= 30 1 i 32 A BEMR i 9 DP R g
W, DP A LA i i 3 2 5 il = 3 b DP T
B RS T . (BNH AR R E A
K DP A A HE AL AL AN s 4 i, R AE
FEAE K BEEDRURN AR 1 BT 3R382 1T, = XA
HEFNBEVE KBS ;2380 R AR SR BR , 4 rp
Y, MEAEY I B = )12 (RS

ARG ST T DP XF K FEFh 07 & 52 m, BE &
DP i B 3, Tl 15 07 48 502 8008/, DP X Rl
K I RIAE A N . DP 459k J32 b B 20 6 F 7K A
MR A B H], DP=5 mg- kg™ B AL BRAL X T
HRAR AT 2 PR 75 (P<0.05) , HLFf % DP ¥ &
St A0 ) VE FH A B =2 i, A7 8 A BH B 0 AR 00
S Z , DP XK FE ML K A ECso 4 250.40 mg - kg™, A
B IR DP 755 1 /K R 20 B 1 AR L 38, B T
AL AR M 2 2L . 5 mg-kg ™ Y DP AL B R K AR A
THERTE 7, AR A6 BR, 400 T e vk B Y
DP XK F (38 & i R 8 35 5088, AR X F DP
BORRUR . KRR R S R Al R A, -
R TR T AR R A BDK AR R AR A AR
244K, DP B 5 BT K R AR 2R A2 I Se Az 3
DP JHRif fI# 1 o PRI, K R AR 2R J8az BIMIRH B DP 1Y
R 36, T i VAR DP $h 25 5 i K R R R AR 2 2R K
HoA A AR AR AL
3.2 TBBPA 344891 B 2

AGRIGWFSY T TBBPA XK g Fp 715 & A4 i A=
KR FE 0, BIF 5T 45 55 3 B TBBPA i /K A8 Fil 1 O 1 &
HAFF I, TBBPA Zb B2 55 % BEAH H & 28R k28
PR ZFFRHOCREG J1 18 B A N B . TBBPA X 7K #
2 AR XA 2 AN, L AR X TBBPA
BURMERCR |, 1X 5 Wang S8 5T 19 TBBPA X F £ K
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Fh ¥ & ZE s m 45 5 — 30, 1025 & B TBBPA X
KRR R ZE i (9 ECso 739714 124.75 mg - kg™ Fil
244.52 mg - kg™, K FF (1) M2 Eb 2F X} TBBPA B gk .
Dogan S5 MIF 57 3¢ W & 2 1A JE W 05 AE IRV )3 1) TBBPA
AR FRTT MR T 4 56 R MEAT B T AR, Rk T
B PR SE N . Sverdrup ZE7HE , TBBPA X 2L —
5L (Trifolium pratense) F¥) 52 Wi A58 /N | X 21— - B 1)
SRR B S . A R R B T K RS X
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A K AEIA T HE— 5 . Ge 55 K TBBPA XK
TR R 2R BESE R B, 5~100 mg- kg TBBPA
AEFRRFAR T 2R RO AR BT A, AR B 1) TBBPA Kb 3%
JT AT RE R R A B 0T B R, = VR Y TBB-
PA ZLBRREAR T Al e R AT R (R L X S
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VSRR AT A Y 2 X 3 e R A Y
o Uk WK R 40 A 1 32 21 TBBPA a8, IF 9815 4 5
s8R A BPiiidE . WH5E & 3, TBBPA i 544k
LI, 35 T Ha00 7K P FIE T 804k, i) 7 240 i fof
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