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Phosphorus in Atmospherlc Aerosols in' the Qingdae Coastal Region and over/the

Yellow and Bohal Sea vy
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(Key Lab(‘)i“atory of Marine Environment and Ecology, Ministry of Education, College of Environmental Science and Engineering,
Ocean U:niversity of China, Qingdao 266100, China)

Abstract: The total suspended particulate (TSP) samples were collected in the Qingdao coastal region and over the Yellow and Bohai
Sea from June to July in 2016. The diurnal and nightly TSP samples were also continuously collected in the Qingdao coastal region from
August 6 to 15. The concentrations of dissolved inorganic nitrogen ( DIN), dissolved inorganic phosphorus ( DIP), dissolved total
nitrogen (DTN) , dissolved total phosphorus ( DTP), total nitrogen ( TN), and total phosphorus (TP) in the TSP samples were
analyzed. Results showed that the concentrations of different forms of nitrogen and phosphorus in Qingdao were higher than those over
the Yellow and Bohai Sea during the same sampling period. The contribution of dissolved N was similar to that of insoluble N to TN in
Qingdao, with the ratio of DTN to TN of 56% . However the DTN was the dominant contributor of TN over the Yellow and Bohai Sea,
accounting for 72% of TN on average. The inorganic nitrogen was the dominant species of DTN in Qingdao and over the Yellow and
Bohai Sea (YBS), accounting for 67% and 75% of DTN, respectively. The contribution of dissolved P to TP was similar to that of
insoluble P to TP in Qingdao and over the Yellow and Bohai Sea, and the DTP accounted for 49% and 58% of TP in Qingdao and over
YBS, respectively. The ratio of IP to DTP was slightly higher than that of OP, with values of 56% and 59% in Qingdao and over the
YBS, respectively. The origin of the air mass affected the concentrations and compositions of nitrogen and phosphorus in the aerosols.
The concentrations of DIN, dissolved organic nitrogen (DON), TN, DIP, and dissolved organic phosphorus ( DOP) in the aerosols
from southern air mass were higher than those from northern and marine air masses. The concentration of DON in the diurnal aerosol
samples was similar to that in the nightly samples; however, the concentrations of DIN and TN were higher in the diurnal aerosols than
those in the nightly aerosols. The DTN was the dominant species of TN in the diurnal and nightly aerosol samples, accounting for 79%
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of TN on average. Inorganic nitrogen was the dominant species of DTN in the diurnal and nightly aerosols. The ratio of DIN to DTN

decreased from 70% in diurnal samples to 61% in nightly samples. The concentrations of DIP were close to that of DOP in the diurnal

and nightly aerosols; however, the concentrations of TP were higher in the diurnal aerosols than in the nightly ones. The insoluble P

was the dominant form of TP in the aerosols, accounting for 83% and 62% of TP during the day and night, respectively. The

contribution of DTP to TP in the nightly aerosols samples was much higher than that in the diurnal aerosols. For both day and night

samples, inorganic phosphorus was the dominant species of DTP in aerosols, with a ratio of 71% -77% .

Key words:Qingdao; the Yellow Sea; the Bohai Sea; atmospheric aerosol; nitrogen; phosphorus

R AT LA 02 K 12 25 RS i
EHTABAME . AR LU R
BV 0 BAR AR S A A R R, A A
I LAHOK P 5 AL SR PRI A AL
I WU W ER A 2R R LA A ) R
REPUE SR I (st PR | R R MO B 2 R
Y)W P IR AN itk R
SRR IR 2 1 DR AL 2 06 AT
TG,

Vi TIIE I ORICHLMER A ZEME I L
SIE Y SN AT R T R SR, M 2Bk R
BET | RIS P 1 220 AR 25 ik
SR AL 5 AT T I, K UL R
A A ok T i A Rl Bl
Vel T B 3 1 R UL X U PR
M A A AR T R R4
993" JNaT 'S W24 S S TR N
OB TR AR PR B HE M L Bk

SHER T 2.5 55 52 R R A f et
2030 4F KA AITEY 2000 4F 9 125% "8 RS

PR HE 1 N 2 3 SRR LR T 1 38 0, o
BB — R HIREE [ A, 00 6 77 o 1 4
TSR KR E B SR, TR RGP
SRR L R T B RS R B A G I
AR ZS RGN 5 0, X AU e Hh AR VR BE | S A
REAE AR IR G HEATRIF R AR R B WA B T
it UM AE A ) MU BR AL 22 AE IR Th I A . o Ak AN
iz AL

AR, KA h A BB HUS T 3K
. WFFE R Bl b KSR I AN DR 28 AU
AR B e TRV R SR I, HE e KRR e
AWM I = TR RV, A X, KRR
W h FERAMREA TR, FHHRELX
SAREBHNH, -NFI NO, + NOJ -N Y AF - 24 4
IR (3.75 £2.82) pgem P FI(2.51 £2.39)
pgem ™, DON g 4F B9k B o (1.72 = 1.12)
pgem 2 DTN Il BRD) 1 22% 4.

HOIME KSR A NO, -N . NH, -N . DON #l DTN
OS2 M B 0.48 ~0.64, 0.22 ~0.27, 0.76 ~
0.95 Ml 1.47 ~1.79 ug-m~°, S ¥ B # DON >
NO; -N > NH, -N, NH," -N 5 NO; -N A B & 19 4 )&
PEST B ARIGE R AR IA IR DON B2 e
FEHR (2.20 £1.78) pg-m, 5§ DIN fJ 20% =+
19% ,NH, -N7E DTN T 5 9 b 8 i K, 38 31 62%
+19% " Mace 25" (Y WF T & 3, Ml v i U B K
KA FNOS -N | NH, -N, DON [ & 5330 Ay
(0.50 +0.28) . (0769 +0.53) ,(-o.--41"},0.-59)
wg-m~; DON 24 i DIN 1) 26% , 5407 Kb i)
Ca™ 47 W EAIE, R4 T R R L BEDON
ok . 7 AL KT P R SO I N
NH; N DON AHR 53 51 g (0. 36 +0.45) (0,76
+0.63) M0/ 152 0..1) pg-m~, 3 H K1y DON-
(VR HE 5 A ST B0 TS DON ) P-4
VRIS B 0,01 ~ 056 g m ~*, 52 5115 4 Bt o2
s @t 4
T i s e RV 5 RS G B A R 1490
TR TR i HLBiv B B W) i g 2= A2 b O
I 2t DX AN [) A T 25 5, 3k 4 2 4 A A 5 1 o D
(a2 R4 22 10 M e KL AR ) KR R ) A K.
Luo %5 (52 R0, o B R AR JL S i
TP (B ) He B JE Il 54 ~ 300 ng-m ~*, H:Hp DIP &
i TP 19 4. 9% ~83.4% , I HA T MK ESE
BRI = T E A, Lt KRRk DTP
I AV SO ) AR B2 (145 £47 ) ng-m ™°, AT B
WL &R, AR, FECRIE T 1
Heimh | BRI D) TRBE S R RSO
o TP 1 OP (A3 AL ) Wk BE 43 il o4 (320 + 260)
ng-m > HI(220 £190) ng-m A HE X SR
TP AU BE T Bl M 24. 80 ~74. 40 ng-m ~* , 0P WY
Fl& 5.58 ~17.98 ng-m_3 . SERBELL TSN
T, 5 TP AR08k 60% ~87% 5 TP F1 TIP( A
THLEE) ¥R H RN, &K S i R E.
Tzquierdo %51 (5T 2 B, 2002 4F 3 ~ 12 H Hirfifg
MRS TP Y By (22.94 £ 1.09)



40 * 8

B 39 %

ng-m AR, E R, FEORIET R A&
YRy BBk be , Hod DTP A 5 TP (9 11.2% . 78
R | AR A RS I TP MR 4
BR(7.3 £4.3)ng-m P HI(2.5 +1.2) ng-m 7.
T Sun %52 AOBFSE & B, AW IEI . P b A A
JEVKFE RS AR TP B -3 B 4351k (7. 09
+6.45) ., (6.87 £6.66) 1 (7.13 £6.76) ng-m >,
NI i IR Y N R U S S

RAERTZBIED ABE AR T EFRITR N
A MR A6 P B A AR (B2 B AT ST
F2 B K A TCAIL AU 1 e B R0 A AR 6T
KREAFERTAFIE S E BN REHRRE=Z
JEHIE T b DR . 5 Ak T B O e
Tia) VAR 6 ARSI T i L B A B R R T ek
BIRYITAEA G A HY KA TR Rk, A
GELAT 5 U RO B AR AR X R T R
SRR, b TR AR A [RE 25 (L
BLAS BE) BMBEWREE | 4 BUREERGY
PRI, IFHE T 7 B 30T 5 A [ TE 25 U0 e 3 M s 1
4. r

1 RsEES | ', ) o
1 e FER RS (17 J &Y '’

RECHRIE TSP (SRR IRIY) ) B i R
KE=1000 J8 A It S URL 1 R A 25 ( 7y 85 L FAer 13

FSEHRLS F)) RS 1,05 m’ i SR B 5
| i), i R

Tl TP 5 4 0 I B s T LA R T 41 40 0o
Whatman QM-A 13 [55%45 B BE i T K0k )
W 93154, Whatman 41 #2T 24 8 5 % 48 1O RE 5
TARBEMETCHLE F(C1™ . NO; . NO; . SO2™ . Na* .,
NH, . K*, Mg’*, Ca**) A M DTN, TN ( B &) .
DIP, DTP & TP Ryl %E. 2016 4E 6 ~7 H 7+ [H i
TR A A0 LA XA JR SCAR B T (36°6 N, 120°19'E)
SRAR T T 5 VU 1l DX R A AR i, BB 10 d 2R
B — KRS, BEARE SR BERTC 24 b 1ZCRFE Y

TP R EE A 65 m, B B f 30T (11 R 26 29 620 m, 52 A
RN, R S T AR R R R IR
WM B S A5 Ak, T 2016 4E8 H 6 ~15 HIETF B
29100 m) HEAT T KA BRI | E LR E T
R H TSP B RAE i, B BORE R RE B (8] 43 51 Oy
08:00 ~ 1800 F119:00 ~ ¥k H 05:00. 2016 4£ 6 H
29 H ~7 120 H¥EE IR T2 2 SR 2B 5 R AR
TR R S OO R SRR R A e T
A TOUZ 25 0 BB ATV, RS AR A B TS e T
P SR IBGE AR , 452 A S AN SR, TR 1 A i b R
FE SRR RS R RFEDUA TR E. SRS BRI
1. REEGS AU 28 A B 45 96 (450°C K ke
5 h) AR S LI IR e A B8 7E - 20°C kAT
V2 URIRAE.

N
N
A
38
g
36°
4 1)
o FHA

-— HBH20160629
= HBH20160630
~— HBH20160703
== HBH20160707
34° == HBH20160709
= HBH20160711
—— HBH20160719 .
® o 3R R
e LTI R AR
] 80 160 km

120° 122° 124° E
1 BERERRESR201656829HZ7A2H
HHBSIARERREMEINT
Fig. 1 Locations of sampling sites in Qingdao and cruise routes

for samples collected over the Yellow and Bohai Sea

from June 29 to July 20 of 2016
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Table 1 ~ Sampling information for the aerosol samples collected in Qingdao and over the Yellow and Bohai Sea
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Table 5 Concentrations of phosphorus species in aerosol samples from different air mass sources
in the Qingdao coastal region and over the Yellow and Bohai Sea/ng+m ~3
=g S i Sk
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Fig. 5 Concentrations of nitrogen species in the day and night
aerosol samples collected in the Liuginghe Bay, Qingdao,
from August 6 to August 15 of 2016
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Fig. 6 Concentrations of phosphorus species in the day and night
aerosol samples collected in Liuginghe Bay, Qingdao

from August 6 to August 15 of 2016
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