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Abstract ; Due to the wide sources of biomass raw matetials Jand the Lipk of limits for the endogenous pollutanisdin bioghar and their dosage, some biochar with high endogenous
pollutapts may he used for emlronmemal remediation , which zesults/in potential enyironmental risks. In this study, three hiochars wereiprepared from the straws of Pennisetum
sp. grown in clean moderately po]luted and highly polluted-soils, respectively. Tl_l_e.-ﬁ)tal endogenous copper (Cu) and cadmium (Cd), acid-soluble fraction, and persistent
free radical (PFRs) dlsmbu_tlon in biochars were investigated, and their Biotoxicities were evaluated based on wheat oot elongation inhibition rate and antioxidant enzyme
activity. The results indicated that total Cu in Jiuniu biochar from the highly polluted soil and total Cd in Shuiquan biochar from the moderately-polluted soil were 3.73 and
4. 43 imés higher than that in Hongrang biochar from the clean soil, respectively. Moreover, acid-soluble Cu in Jiuniu biochar was 3. 32 and 2. 84 times higher than that in
Shuiquan and Hongrang biochar, respectively, and acid-soluble Cd in Shuiquan and Jiuniu biochar was 7.95 and 5. 11 times higher than that in Hongrang biochar,
respectively. All three biochars had PFRs with adjacent oxygen atoms centered on carbon and followed the order of Hongrang > Jiuniu > Shuiquan. Three biochar leaching
solutions significantly inhibited wheat root elongation but enhanced the enzyme activities of SOD, POD, and CAT for the wheat seedlings compared with that in the control. In
particular, the highest inhibition rate (27.7% ) was found in Jiuniu biochar. This study indicated that the interaction of endogenous heavy metals and PFRs in biochar
exhibited significant biotoxicity to wheat seedlings. In the future, more attention should be paid to the potential environmental toxicity of endogenous pollutants from biochar to
avoid new environmental pollution problems.

Key words: biochar; endogenous heavy metals; persistent free radicals( PFRs) ; antioxidant enzymes; biotoxicity

AW R AR EACR R F A B IR e BRI E R e IR R B0 T I AR 2

FRAEEAE T I 2 & Fh 27 2 R IR T 3= 40 i, A6

JE I e B D A AL R AR T E
FLBREE R | B Ho 2R T AR & A HLE RE A

AW B ISP AN RT DA g 3R K PR RE L 1S l§H
BT At I T DA BRI S 45 RS e R
A=Wyt BAT RAF R PR BR300 a , (T 4R 1) — SE 0 5%
R e A TE — G AR TS e
Koppolu 457 Aff 5% 2 W1, A= 9 o B k) v A0 1 42 )
(Cd, Cr, Cu, Ni, Pb Fl Zn) 7E R 5 2DL 4 ~6 5
WA R A AR Yy ok b A A W i BAT B K
SR PR 4R, KON, Liao 25 BF 9T R0, L)

HeFEANME H B3 (persistent free radicals, PFRs). iX
L6 PFRs 72 /K AH 5 5 09 6 MR R R Al Bk
(-OH) W1 K FAR ) A= A 7 A= 2 1) 17 T 5
i) A= 49 SRS e ) B — i R RS 2 TR AT
P FR AT RE 2 1 L TS e, A0, Liu %5 R
T KU Wy R A ) 4 R o S i M R

Wim BEA . 2022-09-28; 1EITHHER: 2022-11-16
ELWE . A HEITERIH (KI2020ZD35) ; L8 A RFHE
F 410 H (2208085MD87)
EE R XIFIME(1997 ~ ), & Wi-HWFFT A, 55T 07 10 A
BB XU AR | B-mail.: luliyal 126@ 163. com
s JBAHEVE# , E-mail cuthonghiao0554@ 163. com



9 1

RURTHERS AR5 Y X T o A 4y i N TS e o0 A B HL AR Rk

5215

— SE IR ; Oh 210 EL R A= 9% |11 PFRs
SR VR A I S I i Fh 8 R A4 A . R, AR
W FASAL N TR, A B 5 1 RS e Wy v e
() RS XS

R T B A e PN RS e T RE PR A IRV E IR
B; , PR — LRI LRA) X A ) o PR R S e ) BRABLAE
TR B[R] — V5 Y W ) BR A bR 1 I R 8 — , 1)
an . EBrA= 9 5 1323 (Internet Biochar Initiative , IBI)
HUEAEY R 0(Cd) JEFEY 1.40 ~39.0 mg-kg ™',
ES % ¥ & % ( Environmental Protection
Agency , EPA ) 5t T A= b b 2R A5 vk (44 554
HCd T L E B & A BRAE R 10.0 mg-kg ™", TMij KR
W) 5 NAIE ( European biochar certificate , EBC) 3K
YR 0(Cd) /NT 1.50 mg-kg ™. ZEFRE, 4l
AT A B b 5 G v PRACR PR T ) (NY/
T 3343-2018 ) #LE G FEAT A FH A9 A HLAE . 583
BRI BB S R B BRI S Al
SRR AT GB 15618-2018 HLAE M THL(E
B 3 T XS M S e o 7 T R R (R

RO e R 92 o 0 P . s A e T

m@%@%g@ﬁ&%@m$ﬂ£ﬁﬁ§%ﬁ&

PR BEIT DA U, 75 43 L SR B
V5 SR (R RS 5, S AR DR UL 4 K Y

w pd 4 L~
e R R A 2 ] 5
A 1 R 4 AT A TR P S e A
(RIZE ), 2558 3 b g JE 3 4 T8 K% PFRs (19
OISR MR RO /N2 T AR R B4
TR PR OS5 00, PR e A AR | DU A
Bl 4 R AR AR .

1 #MBEFZE

1.1 YR &

At B TR 2R 30 R AR VLV 45 S8 TR T vh R
2ERE 21 e A S S v (28°12'N, 116°55"E, 5 i
X)), MEE T SR £ K SRR LR R
(28°19'N, 117°12"E; 28°10'N, 117°12"E, {5 4+
X)), B R e X 3 25 Ge W) 2 (Cu) FlER
(Cd)"™ BT LAASTI 53 v A 0 J P 1R R 4 i AN O 7
Cu Fll Cd. B RHRLZE 25 8 F KR 1, 55 2 1
~1.5 em P/NBE 5 K BTG 9 B R 2R A R
BRI, BT SR P A5 C e min ' A THEE
T 400°C N R 2 h, I AR B A
JEHCH AL 100 B, BT TS i
LI e KR | U FargeE Yy e, TR

TS YD O A BT B LA A O S

-

-
=

Py ok

(<300°C) T AW 75 T AR BORAE , W B[] 22 fig
TR, T e i (= 500°C) FAAR T A W o W R [ 5 25
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Yiny 3. 73 f5F0 4. 43 £, H 3 FiAEY e Cd &
H¥ M T EBC AxE B E M BRAE (1.5

Ela?%,%@ﬁﬁ’%a_%ﬂﬂﬁ*nzﬂé}ﬁ‘]%ﬁﬁ%ﬁﬂi,E‘Fﬁﬁ
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2 2.003 0 < g-factor < 2. 004 0, HA 141 % 5 1 LA
B H 3L, Q) g-factor <2.003 0, LLER R T
SO E S R 2 AT, AKOR | LR e ek
Yk By K g-factor 43 51 2.003 035, 2. 003 000 Al
2.003 005. KL, B 5% 3 FhAE 9 2 LAY PFRs
PR A AR T LA R e i B B 3E. 5zt
FEHIL, Zhang 257 B 5% 26 W 7 400°C 3 i % T
AN T At R TR 5 19 26 9 o v 7 R ) PFRs 242 H
A AR AR A AR A HoC 8 R

(b)

1 1 L 1 1
202 201 200 199 1.98
g-factor

2.04 2,03 1.97

2.00E+19

(d)
1.50E+19

1.OOE+19

5.00E+18

R ek Fak: 4

(a), (b) M) MU IR | JLA LAY B AR EPR K35, (d) AN A 53 i (spins-g ™! 3R A HERL e )
2 KR, AGMOEEMRNK EPR BIERFAEBHESE

Fig. 2 EPR spectrum and persistent free radical concentration of Shuiquan, Jiuniu, and Hongrang biochar powder

A~ EL =5 By

wmrE 2(d) Ui, 2L Y PFRs & & i
(1.51 x 10" spins-g ™" ) , B IUAF FZK SR 43 3 1
12. 7% F120. 8% . HTFAWFFE H il 48 3 FhA: 9
JEORA R} b 24 R A 25 A — B, M Pl T 3 G
HEY N IR E 4R F A RE B PFRs % A7
TEZSH FEZH A, 40 Fang S8 R gy e W BTNERY
JER I E AR B T (1 Fe’ T, Cut | NPT Zn®t
) T A T 04T R R A A A B B T A
YihcH iy PFRs & & XNk B H PFRs BB il = 22
EHTEESE(SRELAY) BN EIY &R
AT P EL 5 8 E A Ao A o a2 W o A %)

AP L RER BT IREYHRER RO R
E PFRs BIE ) SR LT3 Wy (4 & i i
%) HF PFRs 7% f e i , X 0] fEJ& R ok A 9 e Y R B
)@ S At AMIR IS 0 17 28 4 JE X A W) ik PFRs 1
TR EA AR ER. gk, B THRES
J& F B X PFRs 2 & 0952 1L 2 A B w8 A
TSR WA, P R | 4R 48R 2k
LFEE AW ST PFRs B0 EZRTIARDY | 7R
i ad b T RE AT 0 B R o T RIR, B T
S 5554k K PFRs. Ul Liao 25 AFFY W], KR E 1
A B A e LU 2T 4k 28 A= W e 7 A T R Y EPR 5 5



5218 woom ® % 44 3%
Fang Z:CVWFSEIRIRE R BH  WAET A 0 PFRs SR AR B8 A msiE . Jud- s

INZZFEFT W e WA . DRI, AS [R] DX 3k ) 7 e
KT 2 FNEF Yl 3R S 20 L i T e 2 23K 3 A A
R PFRs 1 5 25 5 (1 R A
2.3 EWRAYFEES BT

H L 3 (a) AT, JUA FNZLHE AR W 9% 32 HE TR0 /)

10 40

(a) COmE
LR

a 2 430

B+ !

8+

W
W

b

6+

H/em

7?
Fas

DN

2 b

L

A K it
180 000
(c) a
_ 160000 |
=
= 140000 | .
= 120000 |
= a
F 100000 | 3
2 40000
8 b
z I
20000 [ 1
0
AR AR ek FARY
9 V1| R R AT A S A 5 (P >0¢03)

JLop T B ammRumAERK, R

R R

TBORT/NA AR A i - e e, 7 BB AR FNZL 8= 1)
BAEINT 12, 14 51 1. 11 A5 5ARSCR BT 45 1A
], Liao 25l Fang 257" HIF9¢ WA KRG A6 FF 45 4=
Wy vl UL AE W AH P 458 v & I P 4R (reactive oxygen
species, ROS) {74 i1 &, il 2l i A I

1200

(b)

1000 |
's0 a
= 800t T I
=
=
£ 600t N J
=
52 400 2 }
=]
w

200 |

0
*f Kt ik baR: 4
800
(d)
il
600 | a
=
=
= 400 | ) b
£ f
sz
= 200}
(&)
0
Fapid AR g i

R F/ING 5 B 22 AR A4 5 % 25 (P <0..05)

M E R4 E SOD, POD #l CAT & #5401
’ Fig. 3 Wheat root length, root elongation inhibition rate, and SOD, POD, and CAT activities

of wheat seedlings affected by biochar leaching solutions

R A A o R v 22 3 06 B i ), 2 Bk
]I Jack B B 05 14 4 (ROS ), T 4 Jif 58 22 558
BT, B R R 5 K Ay F HA AR 5 1 i IR AR
FHP. ehst AR N AEAE R R R S, Ans A Ak
PIEi AL (SOD) | it A Ak Sl ( CAT) Filid S Ak 4 il
(POD) %80 TIB R YIAR N Z 419 ROS, I8 7> ROS
X AR R A R S g 4 e e M 1 O SOk B
(b SENST = A S e AN Z S ER )
JIE et S AR AR B, AT LA O Iz e A 49 Jic 3 i X
NG AR, R 3 A, 3 R AE YRR
WAL BB /N 4l SOD . POD Il CAT i P 1 85¢
Ko FEAT A [) P2 RE b 3 75 (8. 0% ~ 603. 7% ). Horr, L
A RNLT 35 A ) R A B /N 22 4 T R SOD
POD Fl CAT 5 PR B 3 v TR IR, LA ab #R A v
POD Fil CAT i P X B8 43 51 3 17 603. 7% F
109. 4%, I3 AL #E4H Hh SOD i PR B % B 34 1
104. 6% . AT FRI , 514 Ja XA ) it 0% 14 14 52
KEZ RN AL ABLG, 4n07 K 4 B 5E

RI, BKOm &h AR R R0 R SOD 3 M B A A
Cr( IU) fam e 32 ) B8 e 34 2 B0 5 B FH/E T R
AR A % B R A 36 ) FBlp A B R LA A it
PErm H S LR R EAEE s (3 24 a0 3 55 5
TE A ) 2 52 A BR BT | 7 B i it 2 A 1z 8 55, i o A
AW R R AR AR N, B VR 240 B P R 25 4
FEOET. K, AT 3 AR R S5
INFEAR N B AR B E | (B BT A AR A5 A T X A
1) T RO H . 3K 2 H T ASBIE 9 o AR e Y R
4R AR T R A T RAR A KT, PR X
JINZE By VTl T AR R AR A .

AN W B ) PFRs AT LLTE PR A B i
S BAT S A R A I EE M 1 ROS AT AN, R AR
TELE B PR RS . 40 Liao 251 (O BF9T 0, 2B
AR5 R ARG Y - OH, HL PFRs %f/NE AR FIZE
A JFREAR 5. Zhang 577 BF 98 & BUAA £ A T
PFRs ATk EE4IIE ROS(fildn-OH) =4z,
M HLis S oK AR 32 41 i ROS Al SOD 7 v i, &



9 1 RUFIHERE

ARG e IX BB A M e AL TS e o A AR W REE

5219

R R, AR SCHEIN B AR K SR AR W 4T 3%
AW T 4 TR e, (H T2 A R R A AR
XL HE PFRs, BN /INEE &y v BTG 4 5 )
LK SR A o B e AR AR SE B - 4 AR BT
HEBATAES L Lo (kAR =
HEE%H%ME%)ﬁiﬁﬁﬂﬂ’]%%’ﬁﬁﬁ““m 5+
HeA HLE P 0 E REA S5 B8 R MLk-4 8 Bt A
Pyt i%%ﬁz&ﬁiﬁ@ E AR eSS LTy
YR LT & AR KR, At | i & 5 5
A ML BT (DOM ) JZ hi, 248 DOM 1Y 43+ 20 1%
AL B R - M DR AR W R 0 R TS Y i
AW s B SR A B 5T 2R B s N RS e (E
4 J& 1 PFRs 58) U in 2| 585 EPR {55l H 4
TEYE A BTt R H R R T U — 2 AR
AW a3 |, PN TR TS Y ) 0 Vs T IR 8 KU
KA.

AHIF5E e BHAS )5 e EJEM%J%EWJ%EPM?
m%ﬁﬁﬁ%%#,ﬁi%ﬁ?ﬂ/ﬁﬁé%*fPFRs
LRI, M0 T /A2 R B2 T /A i

ﬂﬂﬁﬁﬁ{ﬁ@ Xif /) i—%%ﬁmikfﬁ$~mé’3$%$’r

A, ﬂeﬂéﬁﬁﬁiaﬂs A VAl 2 W 1 E%n
PFRS %}/] \%W AL ﬁé’]ﬁ%%ﬁ% Fﬂiﬁﬁﬁ
{*’%TE’JHP‘HBJ At i%ﬁqﬂﬁﬁﬂﬁgﬂﬁk@
RN ALY el 55 Byt il REXPR I K

AR P ke %%&5ﬂﬁﬁf

ﬂﬁiwﬁmﬁmn%Mﬁﬁﬁmf%@mm¢%
2 9 PRl Bt P 5 2% SR B 1 5 SR G )
BRI, A TTTAN A 40 0 P VB 95 e T RE P A 1 SR B
KUY, o 52 4 o PR LRI < 4.

3 it

BESHONIES Cu, £ Cd M HBRIES C
A1 Cd 40515k B F15 Y X LA MK R A Y15, 1El
K TG T X 203 A W o 7 A die s 7 & 1% PFRs; 3
Pl A IR H IRORE/INZZ AR A il 22 . POD 11 CAT
TEYES R B U > 2018 > K IR XF/NE 2
SOD 7 TEFRI A 203 > Juds > KR, A HFoE 45 R
P ANTE)TS e IX A= ) i o PN Y5 4 J8 1 PRRs 6
[V A T /N2 AR 3 T/ N2 4 iR
FRBEIEPE. TR, A AT N5 A W e N TR TS e )
IS ARG I 5T, 4 T AR Ve A W R
BE

[ 1] Joseph S, Cowie A L, Van Zwieten L,

works, and when it doesn’t; A review of mechanisms controlling

et al. How biochar
soil and plant responses to biochar[ J]. GCB Bioenergy, 2021,
13(11): 1731-1764.

[2] LiuMY, ZhuJ, Yang X, et al. Biochar produced from the straw

(3]

[4]

[6]

[7]

[10]

[11]

[12]

[14]

[15]

[16]

of common crops simultaneously stabilizes soil organic matter and
heavy metals[ J]. Science of the Total Environment, 2022, 828,
doi: 10.1016/j. scitotenv. 2022. 154494,

REH, EHIE, KIGE, 55 FORFEFFHIT KA 5 X 7K
WP LA B R M PERE L) ], P EFEER A, 2016, 36
(1):74-81.

Wu L J, Wang C X, Zhang F, et al. The adsorption characters
of inorganic nitrogen in aqueous solution by maize straw- and corn
cob-derived biochars[ J].
36(1): 74-81.

Lieke T, Zhang X C, Steinberg C E W, et al. Overlooked risks

of biochars;

China Environmental Science, 2016,

persistent free radicals trigger neurotoxicity in
Caenorhabditis [T
Technology, 2018, 52(14) . 7981-7987.

Dutta T, Kwon E, Bhattacharya S S, et al. Polycyclic aromatic

elegans Environmental ~ Science &

hydrocarbons and volatile organic compounds in biochar and
biochar-amended soil ; a review[ J]. GCB Bioenergy, 2017, 9
(6) : 990-1004.

Ndirangu S M, Liu Y Y, Xu K, !
pyrolyzed biochar from multiple wastes[J]. Journal-of Eher@stry s
2019, 2019+ doi: 10. 1155/2019/4506314. ._'_-‘"'lr:.‘\'

Koppolu L, Agblevor F'A, Clements L D¢ Py‘i(.)lysig as a

et al. Risk evaluation of

technique for separating heavy metals from hypeira(‘c‘}mu]ﬂlor%

Part II; Liabfscale pvrolysm of synthetic hyperaecuml}l-ﬁtor lemas%
[J]. Blomass and-Bidenergy 2003, 25(6) :/651=663.. .;_,.s"
Liao S| H, Pan.rB LiH, et al. Detecting free radicals i in biochars

o

and deteﬂnmmg{thelr ablllly tosinhibit the germination and arowthl
of corn, w‘heat and rlcqﬁseed'lmgs[ J].
TPPthngy, 2014 ,/48(15) - 8581-8587. 4
Liu ¥, Dai Y, Jin X'Q, et al. Negative impacts of.biocha§ on
high pH, heavy metals,

Env1r0nrnental Sciencé &_-_‘,

Al . -
urease aclivity : polycyclic  aromatic

hydrocarbons , or free radicals? [J]. Environmental Science &
Technology, 2018, 52(21) . 12740-12747.

Oh T K, Shinogi Y, Chikushi J, et al. Effect of aqueous extract
of biochar on germination and seedling growth of lettuce ( Lactuca
sativa L. ) [J].
University, 2012, 57(1) : 55-60.
Cui H B, Fan Y C, Yang J,
copper and cadmium and its biological impacts in acidic soil[ J].
Chemosphere, 2016, 161 233-241.
Liao W, Zhang X, Ke S J, et al.

species and pyrolysis temperatures on heavy metal adsorption,

Journal of the Faculty of Agriculture, Kyushu

et al. In situ phytoextraction of

Effect of different biomass
stability and economy of biochar [ J]. Industrial Crops and
Products, 2022, 186, doi: 10. 1016/j. indcrop. 2022. 115238.
Zhao B, O’Connor D, Zhang J L, et al.
temperature, heating rate, and residence time on rapeseed stem
derived biochar[ J]. Journal of Cleaner Production, 2018, 174
977-987.

K, XK, hERER, 5. BAERIXT E R R Y R A
PARSRIG R Zm [ T]. Al FREE R 272440, 2020, 39(3) .
563-571.

Zhang X, Liu X S, Shen L L, et al. Effects of ageing on the

availability of endogenous copper and cadmium in biochar derived

Effect of pyrolysis

from Pennisetum sp. stems[ J]. Journal of Agro-Environment
Science, 2020, 39(3) : 563-571.
Rajkovich S, Enders A, Hanley K, et al.

nitrogen nutrition after additions of biochars with varying

Corn growth and
properties to a temperate soil[ J]. Biology and Fertility of Soils,
2012, 48(3): 271-284.

EAUHE. A5 AN S AL T R A M i h W R T A
[D]. &ML HEBER AR, 2016.



5220 T S 44 %
Wang Y Y. Modified biochar for hydrogenation catalyst persistent free radicals in biochars [ J ].  Environment
application and the toxicity assessment of biochar extraction International, 2020, 134, doi: 10. 1016/j. envint. 2019.

[17]

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

_~anaerobic d]ge%tlon tesidue with differedt pyrolySIS tempdfat\;p-ésl

L

I Wei L L/

solutions[ D]. Hefei; University of Science and Technology of
China, 2016.

BT, SRR, WEN. WHRRESEZINER 7Y
mum%umm. [ PR B2, 2008, 28 (6): 566-
570.

Bao Y Y, Zhou Q X, Xie X J,
kind antibiotics on the control of wheat germination and root

2008, 28 (6) :

et al. Influence of tetracycline

elongation[ J |. China Environmental Science,

566-570.

Beauchamp C, Fridovich 1. Superoxide dismutase: improved
assays and an assay applicable to acrylamide gels[ J]. Analytical
biochemistry, 1971, 44 (1) ; 276-287.

Quintanilla-Guerrero ¥,  Duarte-Vazquez M A, Garcia-

Almendarez B E,
removal by immobilized turnip peroxidase [ J ].
Technology, 2008, 99(18) . 8605-8611.

Aebi H. Catalase in vitro[ J]. Methods in Enzymology, 1984,
105. 121-126.

Usman A R A, Abduljabbar A, Vithanage M,

production from date palm waste :

et al. Polyethylene glycol improves phenol

Bioresource

et al. Biochar
Charring temperature~induced
changes in composition and surface chemistry [ J]. Jg{mﬁal of
Analytical and Applied Pyrolysis, 2015, 115 392-400.

Zheng X B, Yang Z M, Xu X H,

et al““. Characle{rizalion and

ammonia ad@nrptmn of biochar prepared from distillets’ grains™

L3, Joumdl of Chemlcdl Technology and Babtedhno gy ,,-2‘6‘18
93(1) 19§’206 -~ &

L1JJ Xue M, et al.
Zn** and Cd**

Adsorption behavmrs of Cu s
onto proteins, humic agid, H.Hrld polysaﬁ!chandes

extfal’ted from gludge EPS: Sorption propertlf-s ‘and” me(’hanl@m%
" [.I?l Blbreiource Fechnulogy, 2019, 291, doi : l..g‘ 1016/—]

i blorlec-h 2019. 121868. ¥ = e

Yang T X, Meng J, Jeyakumar P,
le'mperature on the bioavailability of heavy metals in rice straw-
derived biochar [ J ].
Research, 2021, 28(2) : 2198-2208.
Wang H, Zhou L, Dan Y T,

temperature and application amount of sewage sludge biochar on

et al. Effect of pyrnly%ii

Environmental Science and Pollution

et al. Impact of pyrolysis
the speciation and bioavailability of Cd and Pb in paddy soil[ J].
Water, Air, & Soil Pollution, 2022, 233(6), doi: 10. 1007/
$11270-022-05659-w.

Fang G D, Gao J, Liu C,

radicals in hydrogen peroxide activation by biochar:

et al. Key role of persistent free
implications
to organic contaminant degradation[ J]. Environmental Science &
Technology, 2014, 48(3) . 1902-1910.

Zhang Y, Yang R X, Si X H,
biochar to aquatic algae- the role of free radicals [ J ].
Environmental Pollution, 2019, 248 ; 429-437.

Fang G D, Liu C, Gao J,
radicals in biochar to activate persulfate for contaminant
degradation[ J]. Environmental Science & Technology, 2015, 49
(9) : 5645-5653.

Kiruri L. W, Khachatryan L, Dellinger B, et al. Effect of copper
the
environmentally persistent free radicals ( EPFRs) in particulates
[J]. Environmental Science & Technology, 2014, 48 (4 ).
2212-2217.

Odinga E S, Waigi M G, Gudda F O,

formation,,

et al. The adverse effect of

et al. Manipulation of persistent free

oxide concentration on formation and persistency of

et al. Occurrence,

environmental fate and risks of environmentally

[31]

[37]

[39]

[40]

[41]

[42]

[43]

[44]

105172.

Fang G D, Liu C, Wang Y J, et al. Photogeneration of reactive
oxygen species from biochar suspension for diethyl phthalate
degradation [ J ]. 2017,
214 34-45.

Suzuki N, Koussevitzky S, Mittler R,
signalling in the response of plants to abiotic stress[ J].
Cell & Environment, 2012, 35(2) : 259-270.
Nahar K, Hasanuzzaman M, Alam M M,
spermidine alleviates low temperature injury in Mung bean
radiata L.
glutathione and glyoxalase pathway[J].
Molecular Sciences, 2015, 16(12) . 30117-30132.

TR, FSCH, T, A EARE (D) Wi XLk i)
B4l SOD, POD ¥t ML IR TEE s [ 1], JE TR
SR (AR , 2008, 47(4) : 571-574.

Wan Y J, Zhang W J, Fang Y, et al. Effects of Cr (HI). stress
on activities and isozymes of SOD and POD of- Kwﬁ}jz’lia candel
mangrove seedlings[ J]." Journal of Xlamen Umvgne-tf‘)f (Natural
Science) , 2008, 47(4) 571-574. f =
Dellinger B, Pryor WA i Cueto B, et al. The rol@ of comibustion-
'Proc?édmgs of the
Combustlon Insmute 2000, 28(2) : 2675-2681. - _, .:_j.-"a
Shi M Q, Mih X

s Ke Y, et al. Reeent pr%reﬁs in
understan’dlnu the mechamsm ‘of heavy metals retention, by, 1r0nll

Applied Catalysis B: Environmental ,

ROS and redox
Plant,

et al.

et al. Exogenous

seedlings by modulating ascorbate-

( Vigna

International Journal of

|
generated radicals in the toxicity of PM, 5[ J].

( oxyhytjr) 0x1des lSuel’lce of the Total Envuonment 20-21
752, dﬁl 10. 1016/J seitotenv. 2020. 141930. : "'.
Xu $Z, Xing Y H, L]uI‘S, et al. Co-effect of minerals and"Cd

(11) pror‘ﬁoted the formation of bacterial biofilm and consef]'u‘intly
enhanced the sgrption of Cd(I) [J].
2020, 258, doi: 10.1016/]. E;l’leO]. 2019.113774.

Li TT, Huang X X, Wang Q, et al. Adsorption of metal ions at

Environmental Pollution,

kaolinite surfaces: Ion-specific effects, and impacts of charge
source and hydroxide formation [ J].

2020, 194, doi: 10.1016/j. clay. 2020. 105706.
Lv WW, Yao X, Ren HY, et al. Characterizing the interactions

Applied Clay Science,

between sediment dissolved organic matter and zinc using
multispectroscopic techniques [ J ]. Environmental Pollution,
2020, 261, doi: 10.1016/]. envpol. 2019. 113644.

Wang Z, Han R X, Muhammad A, et al. Correlative distribution
of DOM and heavy metals in the soils of the Zhangxi watershed in
Ningbo city, East of China[J]. Environmental Pollution, 2022,
299, doi: 10.1016/j. envpol. 2022. 118811.

Liu M X, Han X K, Liu C Q,
spectroscopic characteristics of wetland dissolved organic matter
binding with Fe** | Cu?*, Cd*>*, C** and Zn** []].
of the 2021, 800, doi: 10.
scitotenv. 2021. 149476.
Zeng Q, Wang X, Liu X L,

reduced Fe-bearing clay minerals and humic acids under dark,

et al. Differences in the
Science
Total Environment, 1016/j.
et al. Mutual interactions between
oxygenated conditions: hydroxyl radical generation and humic
acid transformation [ J]. Environmental Science & Technology,
2020, 54(23): 15013-15023.

Goldstone J V, Pullin M J, Bertilsson S,
with

et al. Reactions of

hydroxyl  radical humic  substances:  bleaching,

mineralization, and production of bioavailable carbon substrates
[J]. Environmental Science & Technology, 2002, 36(3) ; 364-
372.

Patel K F,

Tejnecky V, Ohno T, et al. Reactive oxygen species



9 1

RURPHES . AN[F]TS 5 X BRI A A W P9 S ) o A RO AR mi vk

5221

[45]

alter chemical composition and adsorptive fractionation of soil-
derived organic matter [ J]. Geoderma, 2021, 384, doi: 10.
1016/j. geoderma. 2020. 114805.

Cui H B, Wang Q Y, Zhang X, et al. Aging reduces the

bioavailability of copper and cadmium in soil immobilized by

biochars with various concentrations of endogenous metals| J].
Science of the Total Environment, 2021, 797, doi: 10.1016/j.
scitotenv. 2021. 149136.

[46]

[47]

Huang C, Zhang C, Huang D L, et al. Influence of surface
functionalities of pyrogenic carbonaceous materials on the
generation of reactive species towards organic contaminants: A
review[ J|. Chemical Engineering Journal , 2021, 404, doi: 10.
1016/]. cej. 2020. 127066.

Feng D D, Zhao Y J, Zhang Y, et al. In-situ steam reforming of

biomass tar over sawdust biochar in mild catalytic temperature

[J]. Biomass and Bioenergy, 2017, 107 . 261-270.




HUANJING KEXUE Vol.44  No.9

Environmental Science (monthly) Sep. 15, 2023

CONTENTS

Pollution Characteristics and Transport contributions of Ambient Ozone and Volatile Organic Compounds in Southern Hebei Cities «+++++++++- ZHAQ Jiang-wei, NIE Sai-sai, YU Yu-jie, et al. (4775)
Temporal and Spatial Distributions of 05 Concentration and Potential Source Area Analysis of Hexi Corridor Based on Satellite and Ground Monitoring «+:+«sssseresseresssnsennmensiniscninnnen
..................................................................................................................................................................... 11 Jin-chao, CAO Chun, FANG Feng, el al. (4785

FU Chuan-ho, DAN Li, TONG Jin-he, et al. (4799
WANG Xiao-wen, LIU Min-xia, WANG Yang, et al. (4809
MING Gui-ying, ZHU Man-ni, SHA Qing-e, et al. (4819
*+ HUANG Yue-run, YANG Wen, WANG Xiu-yan, et al. (4832
SHEN Li-juan, WANG Hong-lei, SUN Jie-juan, et al. (4843
Runoff Simulation and Is Response to Extreme Precipitation in the Yangtze River Basin — «+«vreereereeeserenenenicnienenninicnennn +++ GAO Shuang, TI Chao-pu, TANG Shui-rong, et al. (4853
Water Chemical Isotope Characteristics and Water Transformation Relationship in Mongolian Section of the Yellow River Basin = «+eseeovereee PEI Sen-sen, DUAN Li-min, MIAO Ping, et al. (4863
Hydrochemical Characteristics and Formation Causes of Ground Karst Water Systems in Gudui Spring Catchment «++++++++:+++++ TANG Chun-lei, SHEN Hao-yong, ZHAO Chun-hong, et al. (4874
Source Analysis and Health Risk Assessment of Heavy Metals in the Groundwater of Shijiazhuang, a Typical City in North China Plain - CHEN Hui, ZHAO Xin-yu, CHANG Shuai, et al. (4884
Spatial Distribution, Speciation, and Ecological Risk Assessment of Heavy Metals in Surface Sediments of Dongjiang Lake, Hunan Provinge »«+sseseeeseereresesienieneniinininiiinenn
......................................................................................................................................................... ZHANG Tong-liang, Y1 Lixia, LI
Spectral Characteristics and Source Analysis of Chromophoric Dissolved Organic Matter in Surface Water of Taihu Lake Before Cyanobacterial Blooming
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Yong-giang, LU Shao-yong, HUANG Wei, et al. (4906
Chemical Oxygen Demand(COD) Composition and Contribution in Typical Waters of Baiyangdian Lake LI Qi, ZHANG Chao, ZHANG Wen-giang, et al. (4915

Spatial and Temporal Variations in Ozone Pollution and Sensitivity Characteristics in Hainan Island

Temporal and Spatial Characteristics of Troposphere 05 and Precursors HCHO and NO, in East China

Evolution Characteristics of Atmospheric Formaldehyde Emissions in Guangdong Province from 2006 to 2020

VOCs Emission Level and Emission Reduction Potential of Coating Industry in Zibo -
Pollution Characteristics of Carbonaceous Components in PM,, and PM, 5 of Road Dust Fall and Soil Dust in Xi'an

Source Apportionment and Source-specific Risk of Typical Antibiotics in Baiyangdian Lake SONG Yuan-meng, ZHAO Bo, LU Meng-qi, et al. (4927
»+++ LI Xiao-dong, YANG Qing, LIU Hui-qiu, et al. (4941

)
)
)
)
Analysis on the Current Situation of Phytoplankton in the Typical River- Lake Ecotone of Lake Poyang * YU Xin-ping, CHEN Yu-wei, LIU Jin-fu, et al. (4954)
)
)
)
)

Response of River Ecosystem Health Status to Water Environmental Factors in the Middle Reaches of Yarlung Zangbo River

Phytoplankton Community Structure,, Diversity, and Functional Groups in Urban River Under Different Black and Odorous Levels +««+«++seesee- ZHANG Qi-qi, ZENG Jie, YIN Zhuo, et al. (4965
LI Chang-jie, XU Hai, ZHAN Xu, et al. (4977
Effects of Nitrogen Speciation Transformation on Microbial Community Succession in Input Rivers of Miyun Reservoir XIN Yuan, ZHANG Yao-fang, LI Tian-yu, et al. (4985
Action Mechanism of Bacillus on Microalgae During Nitrogen Metabolism in Urban Tailwater «+-vesseeseesrernsssemennssnininnininiennne ZHAOQ Zhi-rui, MA Chao, YAN Jia-chen, et al. (4996
Nitrogen Removal Characteristics and Metabolism Mechanism of High-Efficiency Cold-Tolerant Heterotrophic Nitrification-Aerobic Denitrification Bacterium Glutamicibacter sp. WSI for
Various Nitrogen Sources at Low Temperature —«+«+««ssesesssssssesnesssrtnnsnntntntss st WEI Bo-hui, LUO Xiao, LU Peng-yi, et al. (5006)
Pollution Characteristics of Macrolide Antibiotics During Drinking Water Treatment and Their Chlorination Reaction Mechanism —+++++++++++-- CEN Xia, CHENG Si-yu, SHI Zong-min, et al. (5017)
Effects of Different Biochar and Effective Microorganism Agent Improvement Approaches on the Nutrient Release Characteristics and Potential of Compost ~*++++*
.................................................................................................................................................................. JIA Pei-yin, WANG Xin, HUA Yu-ting, et al. (
Occurrence Characteristics and Risk Assessment of Microplastics in Water and Sediments of Anhui Section of Huaihe River Basin -+ ZHANG Hai-qiang, GAO Liang-min, GE Juan, et al. (5036
(
(

Influence of Denitrification on Cyanobacterial Blooms Trends in Lake Taihu, China

Distribution, Sources, and Risk Assessment of Microplastics in Surface Sediments of Yellow River Delta Wetland ««+-+svesvesveeeseeees GENG Na, ZHAO Guang-ming, ZHANG Da-hai, et al.
Distribution Characteristics and Risk Assessment of Microplastics in Farmland Soil in Guyuan +«+sseeeseesessssssmsinimiinnes MA Gui, DING Jia-fu, ZHOU Yue, et al.
Distribution Characteristics of Microplastic Surface Bacterial Communities Under Flooded and Non-flooded Conditions in Nanjishan Wetland of Poyang Lake «+:«+«eseereereeerenensenencnennnnens

.................................................................................................................................................................. ZHAO Jun-kai, CHEN Xu, HU Ting-ting, et al. (5063)
Influence of Polystyrene Microplastics on the Formation and Structural Change of Pseudomonas aeruginosa Biofilm +++veeesessesseresesieneniensinnenns TAO Hui, YU Duo, YANG Lan, et al. (5071)

Effects of Polystyrene Microplastics on Growth, Physiology, Biochemistry, and Canopy Temperature Characteristics of Chinese Cabbage Pakchoi ( Brassica chinensis L. )

............................................................................................................................................................ GUO Bing-lin, FENG Chen-chen, CHEN Yue, et al. (5080)
Effects of Combined Stress of Polyethylene and Sulfamethazine on Seed Germination, Seedling Growth, and Physiological Characteristics of Soybean «++ssssereeeserererssnmeneniininennn

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHAO Xiao-giong, ZHANG Heng-hui, ZHAO Run-zhu, et al. (5092)

Transport and Model Calculation of Microplastics Under the Influence of Ionic Type, Strength, and Iron Oxide »««+stsssseesersessensseserenneenee ZHANG Ran, YU Ke-fei, HUANG Lei, et al. (5102)

+++ XU Wen-bin, RAO Liang-yi (5114)

)

)

Impacts of Land Use and Climate Change on Ecosystem Services in Agro-pastoral Ecotone

Response of Organic Carhon Loss to Soil Erosion and Its Drivers: A Meta-analysis LIU Xiao-lan, HUANG Jin-quan, QI Yu-jie, et al. (5125
Effects of Balanced Fertilization and Straw Mulching on Soil Nutrients and Stoichiometry in Purple Soil Slope ++++«+sessesessereeseeeseniens ZHANG Gao-ning, XU Qi-wen, HE Bing-hui, et al. (5135
Characteristics and Dominant Influencing Factors of the Fungal Community Structure in Soils Co-contaminated with Rare Earth Elements and Heavy Metals «+:eoeeorereereeesenensennienennnn
........................................................................................................................................................................ LUO Ying, u Jing'wei, YUAN l.la()Y el al' (
Effects of Annual Crop Rotation and Fallow on Soil AMF Community and Aggregate Stability ~«««»«+esseseereereenesnenne LU Ze-rang, XIA Zi-tai, LU Mei, et al. (
Spatial-temporal Changes and Driving Factors of Soil Microbial Communities in a Typical City of North China Plain - ZHAO Xin-yu, CHEN Hui, CHANG Shuai, et al. (5164
(
(

»+ NIE Yang-mei, BU Lian-yan, CHEN Wen-feng, et al.
+* TANG Le-bin, LI Long, SONG Bo, et al.
ZHOU Hong-yin, LI Jia-qi, BAO Li, et al. (5196

Effect of High-volume Straw Returning and Applying Bacillus on Bacterial Community and Fertility of Desertification Soil

Low Accumulation Characteristics of Sweet-waxy Maize in Ph and Cd Complex Contaminated Soils Based on Field Trials -
Effects of Different Control Measures on Cadmium and Lead Accumulation and Quality in Lettuce

Effects of Nano-copper Oxide on Physiobiochemical Properties of Brassica chinensis L. and Its Heavy Metal Accumulation Under Cadmium Stregs +«+sevesseesesseesmensosnsennssinincninnneee
...................................................................................................................................................... WANG Shi-qi, SUN Yue—hing, HUANG Qing-qing, etal. (5204)
Distribution and Biotoxicity of Endogenous Pollutants in Pennisetum sp. Biochar from Different Polluted Areas ««+:«+s+ssessesesseseeneenenenee LIU Li-ya, CUI Hong-biao, LIU Xiao-sheng, et al. (5214 )
Adsorption Characteristics of Tetracycline by CuFeO,-modified Biochar +++-++ *+ LIU Guo-cheng, ZHANG Xin-wang, XIN Shuai-shuai, et al. (5222)
Ecological Toxic Effect of Perfluorinated Compounds on Fish Based on Meta-analysis -+ LU Hong, ZHOU Jin-yang, YANG Fan, et al. (5231)
Source Analysis and Risk Assessment of Heavy Metals in Soil of County Scale Based on PMF Model = «+«+eeseeeeesersensemsereniennncniens ZHENG Yong-li, WEN Han-hui, CAI Li-mei, et al. )

Potential Source Identification and Ecological Risk Assessment of Heavy Metals in Surface Soil of Heze Oil Peony Planting Area Based on PMF-PCA/APCS and PERI
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHAO Qing-ling, LI Qing-cai, AN Mao-guo, et al. (5253)
Health Risk Assessment and Environmental Benchmark of Cadmium in Farmland Soils around the Gangue Heap of Coal Mine, Chongging ++ MA Jie, SHE Ze-lei, WANG Sheng-lan, et al. (5264)
Pollution Characteristics and Sources of Heavy Metals in Soil of a Typical Pyrite Concentrated Mining Area in Anhui Province ~ ++++++++- JIA Han, LIU Jun-xing, WANG Xiao-guang, et al. (5275)
Distribution Characteristics, Source Analysis and Potential Ecological Risk Assessment of Soil Heavy Metals in Typical River Source Areas of Northeastern Hunan Province  «++++sesseseeeeeees
YANG Zhen-yu, LIAO Chao-lin, ZOU Yan, et al. (
Variation Characteristics of Exogenous Cadmium with Different Contents in Red Soil ZHOU Zi-yang, PANG Rui, SONG Bo (5299
Analysis of Carbon Storage Potential of CO, Foamed Concrete «+v+rreressererrersssrsenmesinnsss st ZHANG Yuan, TA Xu-peng, QIN Shu-bing, et al. (5308
Research on the Screening Method of Priority Pollutants with Integrated Environmental Socio-economic Indicators; Example of E-waste Dismantling ~ +++ CHEN Yuan, CAI Zhen, LI Jin-hui (5316

5288




